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Abstract

The idea of artificial intelligence (AI) has a long history. It turned out, however, that reaching intelligence at human levels is
more complicated than originally anticipated. Currently, we are experiencing a renewed interest in AI, fueled by an enormous
increase in computing power and an even larger increase in data, in combination with improved AI technologies like deep learning.
Healthcare is considered the next domain to be revolutionized by artificial intelligence. While AI approaches are excellently
suited to develop certain algorithms, for biomedical applications there are specific challenges. We propose six
recommendations—the 6Rs—to improve AI projects in the biomedical space, especially clinical health care, and to facilitate
communication between AI scientists and medical doctors: (1) Relevant and well-defined clinical question first; (2) Right data
(ie, representative and of good quality); (3) Ratio between number of patients and their variables should fit the AI method; (4)
Relationship between data and ground truth should be as direct and causal as possible; (5) Regulatory ready; enabling validation;
and (6) Right AI method.

(Interact J Med Res 2019;8(2):e12100)   doi:10.2196/12100

KEYWORDS

artificial intelligence; deep learning; clinical data; Bayesian modeling; medical informatics

Introduction

The idea of artificial intelligence (AI) has a long history. Since
the 1950s there have been several revolutionary promises of AI
replacing human work within a few decades. It turned out,
however, that reaching intelligence at human levels was more
complicated, which led to several “AI winters,” where interest
in AI disappeared [1]. Currently, we are experiencing a renewed
interest in AI, fueled by an enormous increase in computing
power and an even larger increase in data generation. In
combination with improved algorithms that allow training of
deep neural networks, several high-tech companies have reached
successes in performing tasks that are close to human or even
beyond human performance: playing games like chess and Go,
image recognition and computer vision, natural language
processing, machine translation, and self-driving cars are just
a few examples.

Health care is considered the next domain to be revolutionized
by AI [2-5]. In addition to many academic efforts, companies

are also getting involved. IBM has developed Watson for several
health applications, such as Watson for Oncology and Watson
for Genomics, and there is a large number of start-ups addressing
all possible aspects of the health continuum [6,7].

Artificial Intelligence

The term artificial intelligence is used to indicate development
of algorithms that should execute tasks that are typically
performed by human beings and are, therefore, associated with
intelligent behavior. AI makes use of a variety of techniques,
such as deep learning, but also probabilistic methods like
Bayesian modeling [8,9]; for definitions, see He et al [2].
Colloquially, the term is applied to a machine that mimics
cognitive functions, such as learning and problem solving
[2,4,10,11].
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Use of Artificial Intelligence Methods in
Health Care

It is clear that health care has numerous needs that could benefit
from solutions developed with, or by embedding, artificial
intelligence [2,4,8]. In this brief article, we focus on the
contributions AI can make to clinical health care, a domain that
poses new and sometimes unique challenges to the application
of AI. In the next sections, we discuss some important
challenges and provide our recommendations on how to deal
with them.

While radiology imaging was first in delivering digital data,
digital pathology is a more recent revolutionary development
[4,12,13]. In addition, for many years, hospitals have been
digitizing their medical patient records [14]. Hence, a large and
ever-increasing body of reasonably annotated clinical data has
been collected: partially structured data in machine-readable
formats, such as those from medical imaging, and partially
unstructured data in natural language. As in other industrial
sectors, it is expected that this big data movement can be
leveraged to transform health care and drive unprecedented
improvements in quality of patient diagnostics, treatment, care,
and clinical outcome. Expected results range from identification
of individuals at high risk for a disease, to improved diagnosis
and matching of effective personalized treatment to the
individual patient, as well as out-of-hospital monitoring of
therapy response [15]. Although these opportunities and this
potential are widely acknowledged, it is important to understand
what can be delivered in practice with the current state-of-the-art
AI technologies and which applications require further advances
in AI to become feasible.

Artificial Intelligence Methods: Supervised
or Unsupervised Learning;
Knowledge-Based or Data-Driven?

Multiple AI technologies are available to choose from [2,9,16].
Algorithmic learning-based AI can be performed in a supervised
mode; this means that a ground truth label is available for every
data sample, which guides the AI effort and is based on domain
knowledge. It will be obvious that the correctness of ground
truth labels is a prerequisite for good performance of an AI
solution. The alternative, unsupervised mode, is when no ground
truth is available and only similarities can be found with a yet
undefined meaning [2,16].

Machine learning traditionally involves a human to determine
features of the data, using domain knowledge. In contrast, deep
learning allows finding such features from the data by itself.
The features are subsequently used in various models. Some of
those can be knowledge-based models in which new deep
learning-defined features are integrated according to knowledge
[17,18]. The current interest in AI from industry comes from
the recent breakthroughs in data-driven approaches, such as
deep learning, and their applicability in industrial applications
such as speech recognition, machine translation, and computer
vision. Still, it is expected that combining data-driven and

knowledge-based approaches will bring AI to the next level,
much closer to human intelligence [17,18].

Artificial Intelligence for Well-Defined
Narrow Tasks: Radiology Imaging and
Digital Pathology

One of the more studied and successfully executed AI
opportunities is in imaging. For example, AI technologies can
be applied to problems such as distinguishing cell nuclei or
certain cell types present in a tumor sample on a histopathology
slide, using slide images obtained with a digital pathology
scanner [19-21]. Such images are made with consistent
equipment and acquired in a controlled fashion, generating
images consisting of uniform data and providing very good
representations of the phenomena to be modelled. The problem
domain is limited. For instance, in the training process, the AI
system gets as input raw images with associated labels for
different cell types that are provided by a pathologist. The
pathologist is providing a ground truth , based on existing expert
knowledge (eg, on the different cell types or architecture present
in the tissue slide). Deep learning has been applied to this
problem and AI technologies already outperform manually
crafted tissue analysis technologies [16,20,22,23]. It is expected
that they will soon be on par or better than a human pathologist
on certain well-defined histology feature recognition and
measurement tasks, though not yet for clinical interpretation.

Artificial Intelligence for Wider Purposes:
Coupling Patient Clinical Data to Clinical
Outcome

On the other hand, research projects are ongoing using
multimodal data (ie, a combination of datasets of a different
data type), for example, to enable prediction of prognosis of a
patient or clinical outcome after a certain treatment. One may,
for example, use medical imaging data combined with
histopathology and clinical laboratory data and even lifestyle
data to try to predict survival, risk of rehospitalization within a
certain number of days, etc. Such projects remain challenging
and have typically been proven not to be very successful [5,24].
IBM’s Watson for Oncology claims to integrate all available
cancer patient data and disease information for improved
diagnosis and therapy decision making. In 2013, the MD
Anderson Cancer Center started using IBM Watson technology
to increase effective treatment of cancer patients; however, the
project was stopped in 2017 because it “did not meet its goals”
[25,26]. In contrast, the concordance with respect to clinical
interpretation of single-modality genome sequencing data using
Watson for Genomics versus a clinical genomics expert group
was reportedly quite good, between 77% and 97%, depending
on the type of identified genomic mutations [7].

The most difficult challenge for AI in the coming years will be
to move from successful narrow domains into wider-purpose,
multimodality, data systems. A promising approach here is not
to find one methodology to address every problem but to
separate the wider-purpose AI goal into smaller goals. In this
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approach, subgroups of the data may be processed separately
with suitable AI methods to provide meaningful, clinically
relevant output. For example, for cardiac ultrasound images,
one could zoom in to develop an algorithm with deep learning
to measure left ventricular volume; or for pathology slide
images, one could zoom in to develop an algorithm for
recognition and quantification of a specific cell type (eg,
lymphocytes). To increase chances at success, it is important
to determine a well-defined, focused, and clinically relevant
question for an AI project that can be adequately answered with
the available data.

The conclusion of this section is that a relevant and well-defined
clinical question should come first.

The Relationship Between Patient or
Sample Numbers and Data Variables

Many AI techniques, especially deep learning, rely on the
availability of large datasets or big data [15]. Sometimes domain
knowledge can help to create additional data derived from the
data that are available. It is important, however, to distinguish
the type of data that is needed. In games, such as chess and Go,
it is easy to artificially synthesize additional data of the right
type to increase the size of the dataset. With respect to medical
and histopathology imaging, large amounts of data are available
since samples are defined on an image pixel basis. Using this
type of data, with relatively few images one can create millions
of annotated samples with drawing tools. It is relatively easy
to further augment every sample with artificially generated
variations (eg, mirror copies, rotated versions, modified
intensities, and modified colors) without consequences for the
annotation.

In contrast, in clinical health care the type of data typically is
a pathology or radiology report from a patient, associated with
a clinical annotation such as diagnosis or response to therapy.
In this case, the number of samples is generally equal to the
number of patients. The annotation is often more difficult, as it
requires an expert physician to provide the ground truth . When
using multimodal data to find parameters that, for example,
predict clinical outcome, despite all digital records and digital
health devices, there are not enough data. The number of patients
for which the necessary multimodal data are available is, in
general, the limiting factor for using AI methods on such
combined data sources to create a valid algorithm for risk
prediction, diagnosis, or a therapeutic decision. When the
number of patients of a specific defined disease (sub)type is
low, the often-heard strategy is to extend a study to include
more patients, even all patients worldwide, which requires
addressing various legal and technical barriers. However, this
is still likely to fail in reaching the required patient number;
with efforts to increase the number of patients for inclusion in
data analysis, the amount of variation per patient, including
many unknown features and variables, tends to grow as well,
leading to uncontrolled data variation. This is caused by the
large variation in human individuals: their DNA (ie, just think
of the 3 billion base pairs and the near-infinite combinations of
genomic variations), their lifestyle, family medical history, use
of medication, etc. Moreover, patients are never treated in

exactly the same manner in the various hospitals, bringing in
many additional variables. It is a well-recognized issue in
clinical trials run by pharma companies [24]. The challenge is
to minimize such unwanted variables in the patient or sample
set to analyze. Much of this uncontrolled variation is not
recorded or, at best, only in a very noisy way. The number of
unknown parameters that may have influenced the outcome,
especially if its measurement lies many years after the diagnosis
and treatment, is typically underestimated. Examples of failure
of AI methods caused by these issues include many
genome-wide association studies aimed at identification of
clinically useful genomic risk factors for complex diseases and
genomic studies aimed at identification of biomarkers for cancer
diagnostics and treatment decisions [27].

Similar challenges are present in other domains, but solutions
in those areas can be invoked that are not possible in the health
care domain. In natural language processing, Google Translate
is a well-known example. When it started, translations were of
very poor quality and heavily criticized, but Google decided to
keep the service up and running; online feedback was used to
collect a large amount of translation data, enabling continuous
improvement of the performance of the translation algorithm
[28].

In summary, for applying AI to multimodal patient data, the
number of patients from whom the complete set of multimodal
data is available is frequently too limited to address the curse
of dimensionality. In the scientific community, dimensionality
reduction remains an active research area [29-31]. In clinical
application areas for AI, it remains the main challenge to
address. The first solution lies in reducing data modality and
bringing the number of variables (P) on the right level in relation
to the number of patients or samples (N) for which a ground
truth is available. The desired solution will reduce
high-dimensional data to biologically sound knowledge-based
features. Introducing knowledge-based computational
approaches is expected to provide a way forward to reduce
model freedom and handle high-dimensional data [32].

The conclusion of this section is that the ratio between the
number of patients and their variables should fit the AI method.

Insufficient Data Quality and Many
Subjective Parameters

For the patient data that is available, it turns out that this data
is usually neither 100% complete nor 100% correct. For
example, diagnoses are not always complete or correct, or they
were not correctly entered into the digital domain. The main
diagnosis is, in general, reasonably well-documented; however,
side diagnoses and complications that arise, for example, during
hospital admission or in the home setting, as well as treatment
details are less-accurately or not documented [5]. For many
clinical variables, such as diagnoses, the ground truth comes
from a physician’s judgement and cannot be objectively
measured or quantified. For example, it is documented that
histopathology diagnoses differ to a varying extent among
pathologists that diagnose the same slide [33-35]. As a
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consequence, datasets may be incomplete and noisy, and
presumed ground truths may not always be correct.

The conclusion of this section is that the right data (ie,
representative and of good quality) needs to be obtained.

Causal Relations Versus Correlations: A
Role for Bayesian Reasoning

Any data-driven approach on data for which the ratio of number
of patients (ie, samples) to variables is too low can lead to
multiple spurious correlations [36]. This means that the data
suggest a correlation between two factors, but this is purely due
to chance and there is no underlying explanation or causal
relationship. In machine learning, this can easily lead to
overfitting and finding of irrelevant correlations [16,37]. Also,
for clinical implementation, any interesting correlation (eg, a
feature or combination of features associated with increased
disease risk) needs to be clinically validated at high cost, where
lack of causality generally results in very low success rates.
Therefore, turning an algorithm, based on correlations, into a
successful proposition will, in general, be easier if causal
relations underlie the found correlations. Knowledge-based
reasoning techniques, such as Bayesian network models, can
reduce the number of spurious relations and overfitting problems
by using existing knowledge on causal data relations to eliminate
noisy data [11,14]. As an additional advantage, Bayesian models
can deal very well with uncertainty and missing variables, which
is the rule rather than the exception in clinical data [11]. Not a
coincidence, with respect to patient data interpretation, Bayesian
models reason the way a medical doctor does [38].

The conclusion of the section is that the relationship between
data and ground truth should be as direct and causal as possible.

Validation of Artificial Intelligence-Based
Solutions

For many of the success stories of AI, a robust and reliable
result is usually not necessary. For a free translation service,
the consequence of a wrong decision is at most a dissatisfied
customer. Improvements of those services could happen
relatively quickly because many of those AI applications are
deployed in the field and iteratively improve their performance
on the basis of new data, thus learning from their mistakes. In
sharp contrast to most of these consumer or lifestyle solutions
based on AI, every clinical application, be it hardware or
software, requires a thorough clinical validation in order to be
adopted by the professional clinical community for use in patient
care, such as diagnostics or treatment decisions, and must be
approved by regulatory authorities [24]. The requirements for
clinical validation will be more stringent when errors or mistakes
can have greater consequences. In a clinical trial, it needs to be
demonstrated how accurately the developed AI solution
performs compared to the clinical standard (eg, sensitivity and
specificity of a diagnostic test). Still, it is not completely clear
whether good performance of an algorithm is acceptable if the
solution is a “black box” and not transparent and rationally
explainable [2]. On top of that, it is not obvious what proper
validation of a continuous learning-based solution implies. An

important issue is that because of lack of transparency, deep
learning-based “black box” algorithms cannot be easily
improved, in contrast to, for example, Bayesian models that are
based on a transparent structure. Initial attempts to tackle this
challenge are on the way [39].

Have AI-based solutions already been approved for clinical
use? The earlier mentioned Watson for Oncology system
operates as a “black box” and its advice could not be clinically
validated [26]. On the other hand, in 2017 it was claimed that
the first deep learning-based algorithm, which identifies contours
of cardiac ventricles from a magnetic resonance imaging (MRI)
image to calculate ventricular volume, was validated and
approved by the US Food and Drug Administration (FDA) for
performing the calculation faster than a clinician [40].
Obviously, this system’s scope is far more restricted than
Watson’s; the unimodal imaging data that were used were
directly and causally related to the ground truth provided during
every image analysis by the clinician. Also, it can be considered
a measurement algorithm and does not include a clinical
interpretation claim. Clinical validation and obtaining regulatory
approval are much more difficult for those algorithms for which
such an interpretation claim is added [4].

Several new solutions are ready or able to perform continuous
(ie, incremental) learning [41]. However, within current
regulations, an AI system for clinical applications should be
“frozen” and can, therefore, not learn online and immediately
apply its new knowledge. Rather, it needs to have an offline
validation of the obtained “frozen” model on an independent
series of patient or sample data. Following a next
continuous-learning cycle, the validation process needs to be
repeated again prior to renewed implementation of the model.
Ideally, new clinically acceptable ways to shorten validation
tracks for digital applications in a patient-safe manner should
be found; it is expected that special procedures will be put in
place to facilitate regulatory approval of updated algorithms.
In line with this, the FDA is actively developing a strategy to
deal with AI-based software solutions [42]. Maximal use of
existing knowledge in transparent and causal model algorithms,
as in Bayesian modeling, is expected to facilitate both clinical
validation and obtaining regulatory approval, both for unimodal
as well as for multimodal data.

The conclusion of this section is that procedures must be put in
place to facilitate algorithms to be regulatory ready and to enable
validation.

Methods to Use

Technology-wise, numerous methods from the domain of AI
have been explored for the development of clinical applications
[8,11,16,43]. Some have been more successful than others,
mostly depending on application type. For automating pathology
diagnosis using tissue slide images, deep learning has proven
to be an appropriate technology. When dealing with more
general multimodal problems, such as predicting clinical
outcomes, patient assessments, and risk predictions, other
methods that often include domain knowledge are likely to be
more appropriate choices. Probabilistic methods using
knowledge representation are increasingly used and enable
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reduction of the number of influencing variables, determining
sensible features or latent variables. Probabilistic Bayesian
modeling is well-suited to deal with complex biological (eg,
“omics” data, such as genomics and transcriptomics data) as
well as medical and clinical data; it is finding its way into
diagnostic applications as well as drug development [9,44-49].
However, where knowledge is lacking, knowledge-agnostic AI
approaches become valuable; Bayesian reasoning networks are
thought to have high potential for use in combination with deep
learning, combining the best of two worlds in Bayesian deep
learning [17,18,50].

The conclusion of this section is that the right AI method must
be used for the problem.

Recommendations for Use of Artificial
Intelligence Methods to Develop Clinical
Applications: The Six Rs

In view of the challenges related to the use of AI for health care
and biomedical applications, we believe it will be of value to
have some guidelines when designing a study. They may also
serve to facilitate communication between scientists involved
in AI and medical doctors. From the discussion above, we have
extracted six basic recommendations.

1. Relevant and well-defined clinical question first. Data
analytics without domain knowledge can be applied in the
health care domain, but at high risk of getting clinically
irrelevant outcomes. For every new AI project, the clinical
questions should be well-defined and reviewed with clinical
experts. The outcome of the analysis should also be
reviewed for clinical and/or biological sense.

2. Right data (ie, representative and of good quality). Carefully
define the dataset that is needed to answer the clinical
question. A clinical dataset with ground truth should be
sufficiently clean and reliable. Be aware of hidden variation
between samples that is not visible in the dataset. The
dataset should be appropriate for the question at hand as
well as representative for the population under study.

3. Ratio between number of patients and their variables should
fit the AI method. To obtain useful results, ensure working
with adequately large datasets (ie, numbers of patients or
samples) for the AI method to be used, and reduce patient
variables where possible. Use domain knowledge to limit
spurious correlations.

4. Relationship between input variables and predicted output
variable, as the dependent value, should be as direct and
causal as possible. The clinical question should as closely
as possible relate the ground truth to the data. Hence,
finding new pathology features that best distinguish between

two different pathology diagnoses can be successful; using
lifestyle information to predict 10-year survival might not.

5. Regulatory ready; enabling validation. Upfront, consider
how a certain solution can be validated and pass regulatory
requirements. Consider how using domain knowledge could
speed up the validation process, for instance, by breaking
up the AI system into smaller AI systems. This effectively
excludes systems that iteratively change by continuous
learning.

6. Right AI method. Use the right method for the question at
hand. Data-driven methods can be used if the data available
allows it, and knowledge-based methods can be applied if
there is knowledge available but not enough data; a mixture
of the two, combined in a wise manner, may be highly
productive for development of clinically applicable health
care solutions.

Privacy Issues

Driven by the big data analysis developments in health care,
new privacy regulations were recently implemented in
Europe—General Data Protection and Regulation (GDPR) [51].
To protect privacy, individuals control their own personal data,
and explicit informed consent is required for access to the data
and use in AI. This regulation is expected to make it more
difficult to share patient data between multiple medical centers
and with companies involved in development of AI solutions.

Key Takeaways

While AI approaches are excellently suited to develop
algorithms for analysis of unimodal imaging data (eg,
radiological or digital pathology images), for clinical (ie,
patient-related) applications, major challenges lie in the usually
limited patient or sample numbers (N). This is in comparison
to the number of multimodal variables (P) due to patient
variation, inadequate ground truth information, and a
requirement for robust clinical validation prior to clinical
implementation. Artificial Intelligence solutions that combine
domain knowledge with data-driven approaches are, therefore,
preferable over solutions that use only domain knowledge or
are fully data driven. We introduce the following 6R model to
keep in mind for AI projects in the biomedical and clinical
health care domain:

1. Relevant and well-defined clinical question first.
2. Right data (ie, representative and of good quality).
3. Ratio between number of patients and their variables should

fit the AI method.
4. Relationship between data and ground truth should be as

direct and causal as possible.
5. Regulatory ready; enabling validation.
6. Right AI method.
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Abstract

Background: Digitalization of health services ensures greater availability of services and improved contact to health professionals.
To ensure high user adoption rates, we need to understand the indicators of use and nonuse. Traditionally, these have included
classic sociodemographic variables such as age, sex, and educational level. Electronic health literacy (eHL) describes knowledge,
skills, and experiences in the interaction with digital health services and technology. With our recent introduction of 2 new
multidimensional instruments to measure eHL, the eHL questionnaire (eHLQ) and the eHL assessment (eHLA) toolkit, eHL
provides a multifaceted approach to understand use and nonuse of digital health solutions in detail.

Objective: The aim of this study was to investigate how users and nonusers of digital services differ with respect to eHL, in a
group of patients with regular contact to a hospital outpatient clinic. Furthermore, to examine how usage and nonusage, and eHL
levels are associated with factors such as age, sex, educational level, and self-rated health.

Methods: Outpatients were asked to fill out a survey comprising items about usage of digital services, including digital contact
to general practitioner (GP) and communication via the national health portal sundhed.dk, the eHLQ, and the eHLA toolkit, as
well as items on age, sex, education, and self-rated health. In total, 246 patients completed the survey. A Mann-Whitney test was
used to test for differences between users and nonusers of digital services. Correlation tests described correlations between eHL
scales (eHEALSs) and age, education, and self-rated health. A significance level of .0071 was used to reject the null hypothesis
in relation to the eHEALSs and usage of digital services.

Results: In total, 95.1% (234/246) of the participants used their personal digital ID (NemID), 57.7% (142/246) were in contact
with their GPs electronically, and 54.0% (133/246) had used the national health portal (sundhed.dk) within the last 3 months.
There were no differences between users and nonusers of sundhed.dk with respect to age, sex, educational level, and self-rated
health. Users of NemID scored higher than nonusers in 6 of the 7 dimensions of eHLQ, the only one which did not differ was
dimension 2: Understanding of health concepts and language. Sundhed.dk users had a higher score in all of the 7 dimensions
except for dimension 4: Feel safe and in control. The eHLA toolkit showed that users of sundhed.dk and NemID had higher
levels of eHL with regard to tools 2, 5, 6, and 7. Furthermore, users of sundhed.dk had higher levels of eHL with regard to tools
3 and 4.
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Conclusions: Information about patients’ eHL may provide clinicians an understanding of patients’ reasons for not using digital
health services, better than sociodemographic data or self-rated health.

(Interact J Med Res 2019;8(2):e8423)   doi:10.2196/ijmr.8423
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health literacy; computer literacy; questionnaires; telemedicine; consumer health informatics

Introduction

Background
The ongoing extensive digitalization of health services
worldwide may be considered an advantage for many people,
as the use of information and communications technology (ICT)
ensures greater availability of services and better contact to
health service professionals [1].

In line with this development, in Denmark, public services are
highly digitalized, and citizens communicate with public
authorities via a digital portal. This includes electronic
communication via a national email service called patient’s
digital mailbox (e-Boks) [2]. Only people who are not able to
access computers or use the digital services can be exempted
from this (currently 8.9%) [2]. Digital access to all public
services is governed by the national identification system
NemID. In total, 98% of the population above 15 years has
access to NemID [3]. Since 2009, the national health portal
sundhed.dk has facilitated citizens’ access to the national,
regional, and local health care services, their communication
with health professionals, and their access to health-related
information [4]. The access to nonperson-specific information
about health services and the health-related information is
publicly available, but access communication that includes
personal data, for example, clinical data and communication
with one’s general practitioner (GP) for renewal of drug
prescriptions, requires a personal log-in using the NemID log-on.
Public authorities communicate with citizens via e-Boks to send
information letters from hospitals, including the outpatient clinic
referrals.

This increasing tendency toward mandatory digital
communication with public services, including health care
services, as is seen in Denmark, calls for attention to a problem:
how can we include citizens who are not able to take advantage
of the new digital opportunities and obtain the full benefits of
digitalization?

Previously, reasons for not using digital services or technologies
were considered to be that users lack access to, have resistance
to, or reject using the digital services as they do not find it
beneficial [5].

This simplified view has been challenged in recent years by
studies that explore, in detail, the reasons for not using digital
health services. A recent review identified several key barriers
to successful adoption of digital health interventions [6]. These
barriers were related to both personal attributes such as agency,
motivation, personal life experiences, and values, and the
context, that is, the health care providers’ approach to engaging
and recruiting users, as well as the quality of the solution. In
alignment with this, a Danish study, which examined why older

people (aged above 58 years) use public digital services,
identified that motivation, convenience, and skills were
important factors for adopting digital solutions [7]. Two recent
qualitative studies support this finding and also show that the
patients’ context and condition may also influence their
preferences. The first of the 2 qualitative studies is a Danish
study based on 10 patients with more than 1 chronic condition
(multimorbid patients), which argues that patients’ motivation
to use ICT is positively related to the burden of their disease
[8]. The other study from the Netherlands, including 17 patients
with a chronic heart disease, reveals several other important
factors for patients choosing to use an electronic health (eHealth)
portal: a more personal contact to a coach, self-perceived
computer skills, and factors related to how the platform is
introduced and used [9].

In a newly published study with 201 informants examining the
willingness to use eHealth portals, authors found that the
willingness to use a health portal was related to younger age,
higher self-rated health, an education level above high-school
level, higher acculturation status, higher computer literacy, and
adequate health literacy [10].

All these studies point to a complexity of reasons for adoption
and use of digital health services, of which many relate to the
individual’s knowledge, skills, perception, and experiences,
including trust and motivation, but also relate to the way health
professionals introduce new technologies [11].

Electronic Health Literacy
In 2015, Monkman and Kushniruk proposed a new model of
Consumer Health Information System adoption [12]. In this
model, they combine an understanding of the usability of the
products with the users’eHealth literacy (eHL)—a model which
is in alignment with the suggestion by Kayser et al that it may
be important to address users’ eHL to achieve design solutions
that suit the user’s needs and capabilities better [13]. This calls
for further investigation of the role of eHL as a means to
understand the adoption and usage of digital health services in
the context of the user interacting with the services and
technology.

The original concept of eHL or digital health literacy was
introduced in 2006 by Normann and Skinner [14], and it
highlights the users’ competence needed to engage with digital
health services. Using the Normann and Skinner model and the
related instrument, eHL scale (eHEALS), a positive correlation
between information-seeking behavior and eHL has been
demonstrated, for example, in 31 patients with rheumatoid
arthritis in the Netherlands [15], 2371 parents of children with
severe conditions in the United States [16], and in several
thousand consumers in Israel [17]. The latter also reported that
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there was no relation between self-reported health and eHL
[17].

eHL has also been shown to correlate positively with the users’
educational level but correlate negatively to age [15,18].

Although these studies have linked eHL to digital behavior,
their findings were mainly based on the eHEALS instrument
that directly evaluates information-seeking behavior on the
internet in relation to health.

Even though eHEALS is still a widely used tool [19-22], it does
not provide sufficient understanding of the individual’s
interaction with digital services and technology. In 2011, van
der Vaart [15] already called for the need of a new understanding
of eHL after the internet had been turned into a more dynamic
Web 2.0 media. Moreover, in 2017, Griebel et al pointed to the
need of new ways to describe eHL with a broader view on the
digital health consumer perspective [23].

With the development of 2 new tools, we have introduced a
new understanding of people’s eHL, including knowledge,
skills, perceptions, and experiences in relation to their usage of
digital health services and health technology. One measure, the
eHL questionnaire (eHLQ), is developed as an instrument to
access the 7 dimensions of the eHL framework (eHLF), which
describes users’ knowledge, skills, perception, and experiences
in relation to digital health services and health technologies
[24].

The 35 items of eHLQ emerged from a condensation of more
than 450 statements that constituted the fundament for the
development of the eHLF. In this way, the final items capture
a somewhat higher-order assessment of the respondent’s
understanding and engagement in health information, which is
more suitable for the intended usage as a psychometrically sound
and valid instrument and is not intended to act as an inventory
[24].

The other instrument, the eHL assessment (eHLA) toolkit,
examines eHL by combining specific elements from health
literacy and digital literacy as both self-reported and
performance tests [25].

Objectives
With this new multifaceted approach, we are able to contribute
to a better understanding of how users differ from nonusers of
digital services, not only with respect to personal attributes such
as age, sex, educational level, and self-rated health but also with
a particular focus on the individuals’ knowledge, skills,
perception, and experiences with digital health services.

Consequently, our research question is how can a multifaceted
evaluation of individuals’ eHL be used to understand usage and
nonusage of digital health services and how are usage and eHL
related to age, sex, educational level, and self-rated health?

Methods

Study Design
We used a quantitative cross-sectional study design, collecting
data using Danish versions of the eHLQ and eHLA instruments,

both validated in a Danish population. In total, 246 patients
diagnosed with diabetes, other endocrine conditions, and/or
gastrointestinal diseases were included. The patients were
consecutively enrolled when visiting the outpatient clinic at the
Gentofte Hospital, Denmark, between November 2015 and
March 2016.

Patients were excluded if they were under the age of 18, had
insufficient cognitive functions, or did not understand Danish.
The distribution of the questionnaire containing the 2
instruments was undertaken by the nurses at the outpatient clinic,
who also assessed whether the respondent had sufficient
cognitive functions to participate. In some cases, the nurses also
judged from an ethical perspective that the patients, for reasons
not stated in the protocol, should be excused from participation
in the study (see Figure 1). Patients either filled out the
questionnaire in the waiting room or completed it at home and
returned it in a prepaid envelope. Patients did not receive
reminders.

A total of 553 patients were given the questionnaire to complete.
Of these, 246 filled in and returned the questionnaire, whereas
307 did not respond, resulting in a response rate of 44.4%
(246/553; Figure 1).

Questionnaires
The questionnaire battery contained eHLQ, eHLA, and questions
concerning the patient’s sociodemographics, digital behavior,
and self-rated health.

The questionnaire battery also included questions about whether
informants were exempted from using e-Boks, had used their
NemID within the previous 6 months, and whether they had
logged into sundhed.dk within the previous 3 months. Finally,
questions about the informants’ communication with their GP
were included.

Educational Level
The demographic variable education was aggregated to 4 levels:

1. Comprehensive school equivalent to International Standard
Classification of Education 2011 (ISCED-2011) levels 1
and 2 or European Qualifications Framework (EQF) level
2.

2. Short education equivalent to ISCED and EQF levels 3, 4,
and 5.

3. Medium education equivalent to ISCED and EQF level 6.
4. Long education equivalent to ISCED and EQF levels 7 and

8 [26,27].

Self-Rated Health
The levels reported in eHLQ and eHLA were correlated to
self-rated health, which was measured on a 5-point Likert scale
from excellent to poor [28,29]. For the statistical evaluation,
the scale was reversed so that excellent health was given the
highest score (5) and poor health the lowest score (1).

Sociodemographic Data
The participants’ sociodemographic characteristics are provided
in Table 1. The mean age was 56.5 with a range from 18 to 89
years.
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Figure 1. Flowchart for inclusion of patients in the study.

Electronic Health Literacy Questionnaire
eHLQ is a validated and psychometrically sound instrument
that comprises 35 items covering 7 dimensions: (1) using
technology to process health information, (2) understanding of
health concepts and language, (3) ability to actively engage
with digital services, (4) feel safe and in control, (5) motivated
to engage with digital services, (6) access to digital services
that work, and (7) digital services that suit individual needs
[30]. Dimensions 1 and 2 describe the patient’s individual
competence, dimensions 3 to 5 describe the interaction between
the patient and the digital services, and dimensions 6 and 7
characterize the patient’s experience with digital systems or
services. Each of the first 5 dimensions contains 5 items,
whereas dimension 6 has 6 items and dimension 7 has 4 items.
Each item has 4 options, strongly disagree, disagree, agree,
and strongly agree, which yield 1 to 4 points, respectively.

Electronic Health Literacy Assessment Toolkit
eHLA is a validated and psychometrically sound instrument
that contains 4 (1-4) health literacy tools and 3 (5-7) digital

literacy tools. The tools describe (1) functional health literacy,
(2) self-assessed health literacy, (3) familiarity with health and
disease, (4) knowledge of health and disease, (5) digital
familiarity, (6) digital confidence, and (7) digital incentives
[25].

The eHLA comprises 44 items: 10 items in tool 1 (functional
health literacy), 9 items in tool 2 (self-assessed health literacy),
5 items in tool 3 (familiarity with health and disease), 6 items
in tool 4 (knowledge of health and disease), 6 items in tool 5
(digital familiarity), 4 items in tool 6 (digital confidence), and
4 items in tool 7 (digital incentives). Tools 1 and 4 are
performance tests. In tool 1, functional health literacy, 1 point
is given for each correct answer, and in tool 4, knowledge of
health and disease, 2 points are given for each correct answer
and 1 point for opting out. The remaining 5 tools have a 4-option
scale. In tool 2, the scale ranges from very difficult to very easy,
in tool 3, the score ranges from noknowledge to full knowledge,
in tool 5, from notat all familiar to completely familiar, and in
tool 6, from very unconfident to very confident. The items in
tool 7 are assessed on a scale ranging from strongly disagree
to strongly agree.
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Table 1. The distribution of sociodemographics and self-rated health.

Statistics (N=246), n (%)Total

Sex

137 (55.7)Female

109 (44.3)Male

Education

19 (7.2)Comprehensive school

70 (28.5)Short education

84 (34.1)Medium education

65 (26.4)Long education

Self-rated health

8 (3.3)Poor

61 (24.8)Less well

108 (43.9)Well

59 (23.9)Extremely well

9 (3.7)Excellent

Patients’ condition

92 (37.4)Diabetes

154 (62.6)Other

Statistical Analyses
Descriptive statistics are reported as means and interquartile
range for age, educational level, and self-rated health.
Differences in scores between male and female and users and
nonusers of sundhed.dk and NemID were tested using the
nonparametric Mann-Whitney test. Differences between users
and nonusers of sundhed.dk and NemID with respect to sex
were tested using Pearson Chi-square test. We tested for
correlation among eHL and age, educational level, and self-rated
health. We interpreted the strength of the correlation in
accordance with Brace (weak ≤±.2, ±.3 to .6 moderate, strong
≥±.7) [31]. A Bonferroni correction was made for univariate
analyses for each of the 2 tools relating sociodemographic
factors to each of the tools’ 7 dimensions (alpha/number of
hypotheses→.05/7=.0071) [32].

Ethics
The research complied with the Helsinki declaration, and the
study was approved by the Danish Data Protection Agency
(2012-58-004 under the capital Region of Denmark local record
number HGH-2018-021 I-suite 06245). Information about the
survey was given to the patients in accordance with the inclusion
criterion, and written informed consent was obtained beforehand
from all the participants.

Results

Use of Digital Services Among Outpatients
The results showed that 142/246 (57.7%) of the outpatients
were in contact with their GP via email or econsultation on the
GP’s website. The use of NemID was widespread: 234/246
(95.1%) patients had used it in the previous 6 months to

communicate with public authorities, access home banking or
a Web portal for citizens.

A total of 133/246 (54.1%) patients had visited sundhed.dk
within the previous 3 months; the majority of patients used the
website to access their own eHealth record (Figure 2).

There was no difference between males and females (P=.87)
age (P=.22), self-rated health (P=.09), or educational level
(P=.29) between users and nonusers of sundhed.dk. Users of
NemID had a lower mean age 56 (45-68) years versus 67 (54-82)
years (P=.01) and higher score of self-rated health, 3.0 (2-4)
versus 2.2 (2-3) (P=.001), than nonusers. There was no
difference in educational level between users and nonusers of
NemID (P=.14), and there were no differences in usage between
males and females (P=.68).

Percentages in Figure 2 are calculated on the basis of 133 users
of sundhed.dk.

In total, 202 patients of the 234 patients with nemID (86.3%)
had activated the functionality of receiving an email notification
when an official institution sent a letter to the e-Boks. Only
6.4% (15/234) patients were assisted by friends or family in the
use of different features in the digital mailbox. A total of 4.5%
(11/234) patients were exempted from using the mandatory
digital mailbox.

In dimensions 1, 3, 5, 6, and 7, scores of eHLQ dimensions
were higher for users than for nonusers for both NemID and
sundhed.dk. In dimension 2, understanding of health concepts
and language, users of sundhed.dk but not users of NemID
scored significantly higher, and in dimension 4, feeling safe and
in control, only NemID users but not sundhed.dk users scored
higher than nonusers (Table 2).
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Results from the eHLA toolkit showed that users of sundhed.dk
and NemID scored significantly higher in tools 2 (self-assessed
health literacy), 5 (digital familiarity), and 7 (digital incentives).
In addition, users of sundhed.dk also scored significantly better

in tool 3 (familiarity with health and disease), and users of
NemID scored significantly better in tool 6 (digital confidence;
Table 3).

Figure 2. The participants’ (N=133) use of functionalities on sundhed.dk. eHealth: electronic health; GP: general practitioner.

Table 2. Differences in the 7 dimensions in electronic health literacy questionnaire between users and nonusers of sundhed.dk and NemID.

Users of NemIDUsers of sundhed.dkMeanDimension name in eHLQa

P valueMean (IQR)Yes/No, NP valueMean (IQRb)Yes/No, N

<.0012.8 (2.4-3.2)Yes, 230<.0012.9 (2.6-3.4)Yes, 1322.71. Using technology to process health information

1.5 (1.0-2.0)No, 82.5 (2.2-3.0)No, 94

.563.2 (2.8-3.4)Yes, 230.0043.2 (3.0-3.6)Yes, 1323.12. Understanding of health concepts and language

2.9 (1.9-3.8)No, 83.0 (2.6-3.4)No, 94

<.0013.0 (2.6-3.6)Yes, 230<.0013.1 (2.8-3.6)Yes, 1323.03. Ability to actively engage with digital services

1.6 (1.0-2.0)No, 82.8 (2.4-3.4)No, 94

.0032.9 (2.6-3.2)Yes, 228.582.9 (2.6-3.2)Yes, 1312.84. Feel safe and in control

2.1 (1.6-2.6)No, 82.8 (2.5-3.2)No, 93

<.0012.8 (2.4-3.2)Yes, 229<.0012.9 (2.6-3.4)Yes, 1312.75. Motivated to engage with digital services

1.6 (1.2-2.0)No, 92.5 (2.0-3.0)No, 95

.0012.7 (2.3-3.0)Yes, 231.0072.8 (2.3-3.0)Yes, 1332.76. Access to digital services that work

2.0 (1.7-2.5)No, 92.6 (2.2-3.0)No, 95

.0012.6 (2.3-3.0)Yes, 226.0052.7 (2.3-3.0)Yes, 1302.67. Digital services that suit individual needs

1.7 (1.0-2.0)No, 92.4 (2.0-3.0)No, 93

aeHLQ: eHealth literacy questionnaire.
bIQR: interquartile range.
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Table 3. Differences in the 7 tools in electronic health literacy assessment between users and nonusers of sundhed.dk and NemID.

Users of NemIDUsers of sundhed.dkMeanTool in eHLAa

P valueMean (IQR)Yes/No, NP valueMean (IQRb)Yes/No, N

.899.5 (9-10)Yes, 207.759.5 (9-10)Yes, 1209.51. Functional health literacy

9.5 (9-10)No, 89.4 (9-10)No, 86

.0073.2 (2.9-3.6)Yes, 217.0043.3 (2.9-3.7)Yes, 1233.32. Self-assessed health literacy

2.8 (2.6-3.2)No, 113.1 (2.8-3.3)No, 93

.583.1 (2.6-3.8)Yes, 221.0063.3 (3.0-3.8)Yes, 1243.13. Familiarity with health and disease

3.0 (2.8-3.4)No, 102.9 (2.4-3.8)No, 95

.419.6 (8-11)Yes, 213.019.9 (9-12)Yes, 1199.74. Knowledge of health and disease

10.1 (8-12)No, 109.3 (8-10)No, 92

<.0013.6 (3.5-4.0)Yes, 220<.0013.7 (3.5-4.0)Yes, 1253.55. Digital familiarity

1.7 (1.0-2.3)No, 123.2 (2.8-4.0)No, 95

<.0013.5 (3.3-4.0)Yes, 225.023.6 (3.3-4.0)Yes, 1293.46. Digital confidence

1.7 (1.0-2.3)No, 83.3 (2.8-4.0)No, 92

<.0013.5 (3.0-4.0)Yes, 230.0053.6 (3.3-4.0)Yes, 1333.57. Digital incentives

2.0 (1.3-2.8)No, 83.3 (2.8-4.0)No, 93

aeHLA: eHealth literacy assessment.
bIQR: interquartile range.

Relation Among Electronic Health Literacy
Questionnaire, Electronic Health Literacy Assessment
and Age, Sex, Education, and Self-Rated Health
Age is weakly and negatively correlated to eHLQ dimension 3
(ability to actively engage with digital services; Table 4). Using
the Mann-Whitney test, we did not find any differences between
the eHLQ scores for males and females. Educational level was
weakly and negatively correlated to dimensions 4 (feel safe and
in control) and 6 (access to digital services that work; Table 4).

Patients’ self-rated health showed a positive, weak correlation
with 4 of the 7 dimensions: 1 (using technology to process health
technologies), 3 (ability to actively engage with digital services)

5 (motivated to engage with digital services) and 6 (access to
digital services that work).

Three of the 7 eHLA tools were associated with age: tool 6
(digital confidence was moderate, negative correlate). Tools 5
(digital familiarity) and 7 (digital incentives) showed a weak
negative correlation. Educational level was weakly and
positively correlated with tools 4 (knowledge of health and
disease) and 5 (digital familiarity). Self-rated health was weakly
and positively correlated with 2 (self-assessed health literacy),
5 (digital familiarity), 6 (digital confidence), and 7 (digital
incentives;Table 5). The Mann-Whitney test for differences
between sexes revealed a significantly higher score for males
than females in tool 5 (digital familiarity, P=.005).

Table 4. The correlations among dimensions for electronic health literacy questionnaire and age, education, and self-rated health.

Self-rated healthbEducationAgeDimension name in eHLQa

P valueCoefficientP valueCoefficientP valueCoefficient

.0020.16.080.09.01−.121. Using technology to process health information

.050.1.010.14.61−.022. Understanding of health concepts and language

.0010.18.080.09<.001−.233. Ability to actively engage with digital services

.120.08.002−.17.8−.014. Feel safe and in control

<.0010.23.460.04.03−.105. Motivated to engage with digital services

.0050.14.005−.14.1−.076. Access to digital services that work

.010.13.13−.08.05−.097. Digital services that suit individual needs

aeHLQ: eHealth literacy questionnaire.
bSelf-rated health: 1=poor health, 5=excellent health.
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Table 5. The correlation between tools in electronic health literacy assessment and age, education, and self-rated health.

Self-rated healthbEducationAgeTool in eHLAa

P valueCoefficientP valueCoefficientP valueCoefficient

.45.05.01.16.13−.081. Functional health literacy

.001.18.95<.001.31−.052. Self-assessed health literacy

.62.03.05.11.09.083. Familiarity with health and disease

.60.03.007.15.02.114. Knowledge of health and disease

<.001.25<.001.22<.001−.255. Digital familiarity

<.001.20.02.13<.001−.346. Digital confidence

<.001.20.04.11<.001−.177. Digital incentives

aeHLA: eHealth literacy assessment.
bSelf-rated health: 1=poor health, 5=excellent health.

Discussion

The introduction of the 2 new, recently validated
multidimensional measures of eHL, eHLQ and eHLA toolkit,
allows us to examine patients’ digital behavior from a
multifaceted approach, offering a better understanding of
whether knowledge, skills, perception, or experiences are related
to usage of digital services. As described in the following, this
offers a richer understanding than just judging the users’
capabilities on the basis of their sociodemographic data such
as age, sex, educational level, and self-rated health.

Usage of Digital Services
The lack of a difference with respect to age and sex between
the users and nonusers of the digital health service sundhed.dk
corresponds with the findings of Siren and Stellefson [7,33].

We did find a difference in age between users and nonusers of
the public digital service NemID. This may be explained by the
relatively high adoption of NemID in the Danish society;
consequently, those not using NemID are mainly excluded
because of high age and disabilities. The latter is also supported
by the finding that nonusers also had a lower score of
self-reported health. Whether this relatively small but vulnerable
group of 5% can benefit from digital inclusion remains to be
investigated, but the health professionals should be aware of
this particular group.

Here, multidimensional measures such as eHLQ and eHLA can
add to our understanding of areas that might need to be
addressed, as discussed in the following.

Although 95% of the participants in the study use NemID to
access digital services, less than 60% of the participants have
been in contact with their GP electronically or have taken
advantage of the functions available on sundhed.dk. This could
be explained by the fact that some NemID services, for example,
the electronic mailbox for communications from public
authorities, are mandatory to use, whereas electronic contact to
one’s GP and use of the portal sundhed.dk are voluntary.

The conflicting results in the literature regarding the association
among eHealth usage and users’ age, sex, or educational level
may be explained by the context and research question. A study

where the actual usage is reported as in this study may differ
from studies where the focus is on, for example, the users’
willingness to use a health portal or a medical record, such as
reported by Trubitt et al, which found an association with age
and education. This is in contrast to our finding that there were
no differences between users and nonusers of sundhed.dk with
respect to age and education [10].

Electronic Health Literacy and Usage of Digital
Services
In general, users of NemID and sundhed.dk scored higher in
most dimensions of the eHLQ. Moreover, users tended to score
higher in 4 of the 7 eHLA tools for both sundhed.dk (tools 2,
3, 5, and 7) and NemID (tools 2, 5, 6, and 7). It should be
noticed that sundhed.dk users had a higher score in the eHLQ
dimension 2 as well as 2 of the 4 health literacy tools in eHLA,
whereas the 2 other tools in eHLA that related to functional
tests did not differ. This suggests that the users of sundhed.dk,
because of their better understanding of the health-related
language and concepts, are better equipped to understand the
information and interact with the services in the health portal.

The assumption that health literacy is a determinant of the usage
of the digital health services can be supported by the finding
that NemID users did not differ from nonusers with respect to
eHLQ dimension 2 and the eHLA tools 1, 3, and 4, which
indicates that usage of other public digital services is not related
to the users’ health literacy.

It is noteworthy that we did not find any differences in scores
for the eHLQ dimension 4 (feeling safe and in control) between
users and nonusers of sundhed.dk. This contrasts with our
findings for users of NemID; here, a difference was found. An
interpretation of this finding could be that although trust has no
significance for the decision to use eHealth technologies such
as the health portal sundhed.dk, the relatively few nonusers of
NemID may have concerns about safety because of a lack of
insight into how the services function.

Our finding is in accordance with Siren and Knudsen [7], who
also found that the feeling of being safe and in control is not in
itself a significant factor for using digital health services. It can
be speculated whether being a patient in the health care sector
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makes people more trusting when they access and use health
services.

Electronic Health Literacy in Relation to
Sociodemographic Data
The eHL level only differed between males and females with
respect to 2 of the eHLA tools, but it did not differ in any of the
dimensions in the eHLQ.

It is of particular interest that the digital tool 5 (digital
familiarity) in the eHLA toolkit showed a higher score in males
compared with females. This is in accordance with the findings
of Hargittai et al, who measured digital literacy in college
students using a scale that has inspired the construction of this
tool [34].

Scales of eHLQ and eHLA that relate to digital skills showed
significant negative correlations with age. This may reflect that
people of older age generally have more problems finding
information, which may contribute to less motivation to engage
with technology [15]. Moreover, an increased need of health
services by elder individuals may give rise to a feeling that the
services are not sufficiently suited to their needs. This was
reflected in a negative correlation between age and eHLQ
dimension 7 (access to digital services that suit individual needs;
P=.05); however, it was not significant after a correction for
multiple comparisons using Bonferroni.

For the eHLQ dimensions, educational level was weakly,
negatively correlated with dimension 4 (feel safe and in control)
and dimension 6 (access to digital services that work). The
negative correlation in dimensions 4 (feel safe and in control)
and 6 (access to digital services that work) may be because of
a general skepticism toward digital services. The finding that
people with a higher educational level tend to have less trust is
in alignment with a recent study from a European Union (EU)
project evaluating an eHealth solution, the Health Monitor, with
both patients and health professionals. In this study, health
professionals tended to have more concerns about data privacy
than lay people [18].

In contrast to the negative correlation between the 2 eHLQ
dimensions and 2 of the eHLA tools; tool 4 (knowledge of health
and disease) and tool 5 (digital familiarity) were positively
correlated with the educational level. This finding is
inconclusive, as several of the other tools within both health
literacy and digital literacy are not related to educational level.

Although studies based upon eHEALS point to an association
among eHL and age and educational level [15-17,35], our data
are, apart from the negative correlation between age and the
digital scales, not conclusive. Combined with our finding, that
age and educational level do not differ between users and
nonusers of sundhed.dk, this suggests that other factors may
contribute to the adoption of eHealth service usage.

Electronic Health Literacy and Self-Rated Health
Most interestingly, eHLA’s tool 2, which was derived from the
European Health Literacy Survey HLS-EU, had a positive
correlation with self-rated health similar to earlier reports in
relation to the full HLS-EU instrument [36]. As self-rated health
is often positively associated with health literacy [37], it would

be expected that those tools and dimensions that are related to
health literacy would also be positively correlated with self-rated
health. Interestingly, eHLQ dimension 2 (understanding health
concepts and language) as well as 3 of the 4 health literacy
tools (1, 3, and 4) in eHLA did not exhibit such a correlation.
However, 4 of the eHLQ scales as well as the 3 digital literacy
tools in eHLA demonstrated such a correlation.

This may reflect that people who perceive their own health to
be good are more engaged in information and technology and
are more motivated than those with poor self-rated health. This
is in contrast to Neter and Brainin (2012) who examined the
relation between self-rated health and eHL in an Israeli
population study and to Milne et al (2015) who examined the
relation between perceived health and eHL in patients with lung
cancer. This may be explained by differences in the instrument
used to assess the self-reported health as well as measurements
of eHL [17,38].

Limitations of the Study
A limitation of the study is that it is an observational study
conducted in an outpatient clinic in a Danish region where
people in general have a rather high sociodemographic profile
with respect to income and education.

It should also be noted that the data about digital behavior build
on self-reported information and not data acquired from the
systems. This may introduce a bias.

Another limitation is the mandatory usage of NemID in Denmar,
which may have resulted in a selected population for this
investigation compared with other countries with a lower degree
of digitalization.

Using 2 instruments, each with 7 scales in the evaluation, may
have resulted in a multisignificance problem, where we can
have obtained type I error. We have accommodated this by
applying the Bonferroni correction. On the other hand, this may
have introduced a risk of type II error because of insufficient
power of the study caused by the sample size [32]. Further
studies that are designed to test our findings, with enough power,
are necessary before further conclusions can be drawn.

Conclusions
Our results contribute to the growing knowledge about which
factors are important for use of digital health services. Our data
show that there were no significant differences between users
and nonusers of the digital health service sundhed.dk with regard
to age, sex, or educational level. Therefore, these factors alone
cannot be used to guide health professionals to understand their
patients’ adoption and usage of sundhed.dk. However,
significant differences were identified between users and
nonusers in almost of all the tools of eHLA and eHLQ
dimensions. This supports the notion that skills, motivation,
and experience of health and digital services are related to the
adoption and usage of technology [6,7].

The results emphasize that multifaceted measurements of eHL
may be able to capture the factors important to the adoption of
digital health services and thereby serve to guide health
professionals to better understand and support their patients to
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obtain the full benefits of the increasing digitalization of the
health care sector.

Further studies are needed to identify how the tools or the
underlying dimensions can be best used to inform the clinicians

and facilitate that more patients take advantage of digital health
services and technologies and benefit from the ever-expanding
evolution of digital health.
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Abstract

Background: Infectious diseases often lead to death among children under 5 years in many underdeveloped and developing
countries. One of the main reasons behind this is an unawareness of disease symptoms among mothers and child caregivers. To
overcome this, we propose the EasyDetectDisease mobile health app to educate mothers about the early symptoms of pediatric
diseases and to provide them with practical advice for preventing the spread of such diseases in children under 5 years. The
EasyDetectDisease app includes detailed knowledge of infectious diseases, including the corresponding symptoms, causes,
incubation period, preventive measures, nutritional guidelines such as breastfeeding, video tutorials of child patients, and video
guidelines by pediatric health experts to promote child health. It also provides information on the diagnosis of the infectious
diseases based on symptoms.

Objective: The objective of this study was to evaluate the usability (eg, ease of use, easy detection of disease, functionality,
and navigation of interfaces) of the EasyDetectDisease app among mothers of children under 5 years of age.

Methods: Two health sessions, held in Pakistan, were used to evaluate the usability of EasyDetectDisease by 30 mothers of
children under 5 years. The app was evaluated based on various quantitative and qualitative measures.

Results: The participating mothers confirmed that they were able to diagnose diseases accurately and that after following the
instructions provided, their children recovered rapidly without any nutritional deficiency. All participating mothers showed an
interest in using the EasyDetectDisease app if made available by governmental public health agencies, and they suggested its
inclusion in all mobile phones as a built-in health app in the future.

Conclusions: EasyDetectDisease was modified into a user-friendly app based on feedback collected during the usability sessions.
All participants found it acceptable and easy to use, especially illiterate mothers. The EasyDetectDisease app proved to be a useful
tool for child health care at home and for the treatment of infectious diseases and is expected to reduce the mortality rate of
children under 5 years of age.

(Interact J Med Res 2019;8(2):e12664)   doi:10.2196/12664
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Introduction

Overview
Child health care is one of the foremost priorities in the world.
However, it is an undeniable truth that millions of children’s
lives are affected each year by disease. Infectious diseases have
been regarded as a major cause of morbidity and mortality in
children under 5 years of age, according to a recent report by
the World Health Organization (WHO) [1], 83% of the global
deaths of children under 5 years are caused by infectious
diseases and malnutrition. According to another recent WHO
report [2], around 5.6 million (60%) children died before
reaching their fifth birthday in 2016 [2], out of which 3.6 million
deaths happened in 10 South Asian and African countries. Out
of these 3.6 million children, almost half of the deaths occurred
in 5 countries (ie, Nigeria, the Democratic Republic of the
Congo, India, Ethiopia, and Pakistan). Pakistan is one of the
developing countries that is facing the challenge of a high child
mortality rate because of infectious diseases. The mortality rate
was 78.8 in 2016 [3], with a 40% ratio of infectious diseases in
Pakistan [4].

A mother is considered to be a sick child's first health care
provider at home. Various studies have been conducted in
Pakistan to show a strong correlation between maternal
education and lower child mortality [5]. These studies examined
health-seeking behaviors, specifically the education level of the
mother and its effects on child mortality [5]. It was identified
that the behavior of mothers who had a better understanding of
childhood diseases and were accustomed to using modern health
care services was quite distinct from those who had no
knowledge of childhood diseases. Therefore, maternal education
can be regarded as an important contributor to child health
development and can be used to overcome the abovementioned
issues.

In Pakistan, however, to the best of our knowledge, very little
effort is being made to educate mothers about pediatric
infectious and noninfectious diseases. It has been found that a
lack of child health awareness, inadequate maternal education,
improper access to medical facilities, and a lack of exposure to
smart technology and mobile health (mHealth) tools are some
of the key causes behind child mortality in Pakistan [6-8]. In
this paper, we focused on maternal education, child care
awareness, and provision of mHealth tools as potential solutions
for reducing the mortality rate of children under 5 years. In

particular, we present the mHealth app EasyDetectDisease to
educate mothers about childhood infectious diseases. The
EasyDetectDisease app provides information on the diagnosis
of infectious diseases based on symptoms, the prevention of the
spread of such diseases, nutritional recommendations for
children under 5 years, as well as sick patients’ tutorials and
guidelines formulated by pediatricians.

Global Death Estimates for Children Under 5 Years
by Cause and Sex (2000-2015)
This subsection provides the estimated statistics of global deaths
by cause and sex of children under 5 years while focusing on
the statistics for Pakistan. Updated data of children under 5
years has been retrieved from the WHO and United Nations
International Children’s Emergency Fund (UNICEF) websites;
specific information has been extracted and presented in tables.

According to the WHO’s Global Health Observatory, globally,
15,000 children died every day in 2016 (5.6 million per year)
[9] and 16,000 died per day in 2015 (5.9 million per year) [10].
Globally, under 5 years deaths declined to 5.6 million in 2016
from 12.7 million in 1990 [11]. Table 1 shows the figures for
deaths by cause and sex of children under 5 years since 2000
(see Multimedia Appendix 1 for complete data).

It can be observed from Table 1 that the ratio of deaths due to
infectious diseases is higher than other kinds of diseases. The
total number of deaths caused by infectious and parasitic
diseases declined from 3,309,598 in 2000 to 1,378,811 in 2015
[12]. Figure 1, based on the data from Table 1, shows the decline
in deaths caused by infectious and parasitic diseases.

Globally, most countries achieved remarkable progress in the
reduction of deaths among children under 5 years during the
period of 2000 to 2015. However, it is still expected to reach 5
million deaths by 2025 [13], according to the WHO, and 97%
of them would be in the developing regions of the world,
including Pakistan, and due to infectious and parasitic diseases
such as pneumonia, diarrhea, and inappropriate nutritional
conditions [11]. If the current trends continue and appropriate
measures are not taken, it is expected to reach a total of 69
million global deaths, that is, 4.6 million deaths per year, by
2030 [3]. Moreover, only 5 countries would be responsible for
more than the half of these deaths, that is, India for 17% of
deaths, Nigeria for 15% of deaths, Pakistan for 8% of deaths,
the Democratic Republic of the Congo for 7% deaths, and
Angola for 5% of deaths [3].
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Table 1. Deaths by cause and sex of children under 5 years of age (2000-2015): global statistics.

2015201020052000Year

FemaleMaleFemaleMaleFemaleMaleFemaleMale

318,471340,696305,647327,383293,895314,316288,056307,365Population (thousands)

1,582,7721,726,3181,943,6382,067,7212,443,5452,573,0823,023,9603,125,021All causes

1,209,6561,293,0351,538,9041,606,1452,037,4862,107,4442,573,7052,613,990Communicable, maternal, perina-
tal, and nutritional conditions

 

673,531705,280878,365906,3211,257,8261,296,9621,633,8971,675,701Infectious and parasitic diseases  

370,367389,846486,014495,105595,634598,657729,592703,758Respiratory infections  

00000000Maternal conditions  

98,276105,356101,210108,504104,739112,414115,293122,311Neonatal conditions  

67,48292,55373,31496,21579,28799,41194,924112,220Nutritional deficiencies  

227,590246,338240,535255,631256,698269,893285,550296,596Noncommunicable diseases 

16,04221,15515,68420,60415,57219,96816,20420,978Malignant neoplasm  

15911779155117491340141014041557Other neoplasm  

885874104110151184114913991343Diabetes mellitus  

27,85137,39728,49335,46629,50534,87031,32735,753Endocrine, blood, and immune
disorders

  

00000000Mental and substance use disor-
ders

  

79169545799510,085808610,747829211,423Neurological conditions  

00000000Sense organ diseases  

16,76420,71419,13023,82421,78427,03125,72331,539Cardiovascular diseases  

15,33320,49017,81922,66221,11825,74028,21531,611Respiratory diseases  

15,00512,16617,06613,97919,12316,01520,78618,479Digestive diseases  

77439823848610,364922610,99510,54112,058Genitourinary diseases  

38972307347321193128208429942123Skin diseases  

00000000Musculoskeletal diseases  

105,86299,896111,222103,514117,983109,316130,087119,252Congenital anomalies  

00000000Oral conditions  

870010,192857610,250864710,569857910,479Sudden infant death syndrome  

145,526186,944164,199205,945149,362195,745164,704214,436Injuries 

136,424176,700155,988196,940141,177187,073154,364203,682Unintentional injuries  

910210,244821290058185867210,34010,754Intentional injuries  
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Figure 1. Decline in deaths due to infectious and parasitic diseases among children under 5 years of age.

Death Estimates for Children Under 5 Years by Cause
in Pakistan (2000-2015)
Pakistan is ranked sixth among 22 high disease–burden countries
and is facing the challenge of high communicable diseases with
a 40% ratio [4]. The leading causes of under 5 years deaths
include premature birth, pneumonia, diarrhea, and malaria. The
total number of deaths caused by various diseases is depicted
in Figure 2 to assess the top 20 most dangerous infectious
diseases [14].

In Figure 2, we can see that the ratio of deaths due to acute
respiratory infections (cause 9) was quite high in 2000. This
decreased gradually until 2008. Prematurity (cause 10) increased
rapidly after 2008, and even now, it is the most dominant cause
of death. Birth asphyxia (cause 11) was high in 2002, that is,
ranked third, but it was controlled by 2006. After 2006, birth

asphyxia again prevailed and the number of deaths associated
with it continued to increase until 2012. The number of deaths
due to diarrheal diseases (cause 3) increased by the mid 2000s
but was controlled in 2008, although a minor increase was seen
in 2009 and 2010 and it persisted as a major cause of under 5
years child mortality in Pakistan. Sepsis (cause 12) was ranked
as the fifth major cause of death by 2005, and then, the number
of corresponding deaths increased higher than diarrheal diseases
in 2015. Deaths due to cause 13 (other group 1) diseases, cause
17 (injuries), cause 16 (other communicable diseases), cause
15 (congenital anomalies), cause 5 (tetanus), cause 7
(meningitis), cause 4 (pertussis), cause 6 (measles), cause 8
(malaria), and cause 2 (HIV/AIDS) were prominent in Pakistan,
as reported by the WHO. The death rate of children under 5
years (variable name “rufive”; the data for rufive was retrieved
from the WHO website and is shown in Table 2 and the figures)
is depicted in Figure 3.
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Figure 2. Estimates for causes of death among children under 5 years of age in Pakistan (2000-2015).
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Table 2. Deaths by cause and sex of children under 5 years of age (2000-2015): statistics for Pakistan.

2015201020052000Year

FemaleMaleFemaleMaleFemaleMaleFemaleMale

11,87112,79210,79111,609961010,441970310,399Population (thousands)

195.7233.2216.7253.5201234.7233.2264.1All causes

162.2189.8184.2210.8174.9200.1205.9229.7Communicable, maternal, perina-
tal, and nutritional conditions

 

35.333.644.642.647.247.364.562.8Infectious and parasitic diseases  

32.831.1413744.340.550.943Respiratory infections  

00000000Maternal conditions  

92.6123.297.2129.682.4111.389.4122.5Neonatal conditions  

1.41.81.41.611.11.11.3Nutritional deficiencies  

20.427.719.626.514.720.615.821.1Noncommunicable diseases 

11.60.81.30.610.50.9Malignant neoplasm  

0.30.20.20.10.10.10.10.1Other neoplasm  

0.20.10.20.10.10.10.10.1Diabetes mellitus  

1.61.61.41.40.90.90.90.9Endocrine, blood, and immune
disorders

  

00000000Mental and substance use disor-
ders

  

10.90.80.80.50.60.40.5Neurological conditions  

00000000Sense organ diseases  

0.31.40.31.30.210.20.9Cardiovascular diseases  

2.86.62.76.42.15.224.7Respiratory diseases  

0.91.40.81.50.510.61.1Digestive diseases  

0.51.20.51.10.30.80.30.7Genitourinary diseases  

10.20.80.20.50.10.40.1Skin diseases  

00000000Musculoskeletal diseases  

10.211.710.311.58.79.99.910.8Congenital anomalies  

00000000Oral conditions  

0.80.90.70.70.50.60.40.4Sudden infant death syndrome  

13.215.712.916.210.813.311.513.4Injuries 

12.114.71215.310.412.91112.8Unintentional injuries  

110.90.90.40.40.60.6Intentional injuries  
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Figure 3. Death rate of children under 5 years of age due to various causes in Pakistan (2000-2015).

Pakistan’s Estimated Under 5 Years Deaths by Cause
and Sex (2000-2015)
According to the WHO, deaths among children under 5 years
of age in Pakistan because of contagious diseases are higher
than those linked to noncontagious diseases [11]. In Pakistan,
the number of deaths caused by infectious diseases was 352,000
in 2015 [10]. Table 2 shows the figures for deaths of Pakistani
children under 5 years by causes and sex (see Multimedia
Appendix 1 for complete data).

We can see from Table 2 that the infectious disease death ratio
is higher than other categories of diseases. The total death rate
due to infectious and parasitic diseases declined from 127.3 per

1000 children in 2000 to 68.9 per 1000 children in 2015 [12].
Figure 4, based on data from Table 2, shows a decline in the
death rate of children in Pakistan due to infectious and parasitic
diseases.

Pakistan has achieved remarkable progress in the reduction of
deaths among children under 5 years during the period of 2000
to 2015, as shown in Figure 4. Despite achieving progression
in the fourth goal (Reduce Child Mortality) of Millennium
Development Goals, 4.6 million child deaths per year is
projected for the period of 2016 to 2030, and Pakistan is
expected to be responsible for 8% of these deaths [3]. These
numbers are quite alarming and require preventive measures to
be taken.
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Figure 4. Decline in child death rate caused by infectious and parasitic diseases in Pakistan.

Related Works and Motivation
mHealth is an area of electronic health that deals with health
aids via mobile phones [15-16]. The most common practice of
mHealth is the use of smartphones to educate users about health
care services [17]. To the best of our knowledge, no research
focusing on minimizing the mortality of children under 5 years
using mHealth-based maternal education in Pakistan has been
conducted before.

It has been observed that most Pakistani mothers are not aware
of diseases, their prevention, and child care at home [18].
Mothers in Pakistan mostly use homemade remedies instead of
providing proper medical care to their children. Such actions
often lead to disease severity or even death of the child in the
worst-case scenarios. To promote child health, the government
of Pakistan periodically initiated various health care programs.
In 2010, working with the Ministry of Health, nongovernmental
organizations (NGOs) and UNICEF launched Maternal,
Neonatal and Child Health [19] and the national Expanded
Program on Immunization programs to overcome the problems
of diseases, to monitor the health of mothers and children, and
to promote child development [20]. The School Health Program
by the United Nations Educational, Scientific and Cultural
Organization (UNESCO) was also launched in 2010 to promote
health activities in schools [21]. In 2012, the National Integrated
Development Association Pakistan launched the Health and
Nutrition Program to provide awareness about mother and child
care and to educate about childhood diseases and other
epidemics through active community participation [22]. In 2015,
the Prime Minister of Pakistan initiated the PM’s National
Health Program to provide people of lower socioeconomic status
with free medical treatment [23]. In 2016, the Al Khidmat
Foundation and the Maternal and Child Health Center initiated
1800 free mHealth camps all over Pakistan to train mothers on
maintaining their own and their children’s health [24]. In 2017,
Save the Children, an NGO, also participated to save children
from disease by training lady health workers (LHWs) from
different regions of Pakistan to educate young mothers and to

minimize health issues [25]. The School Health Program for
Pakistan commenced in 2017 to promote physical activities for
children in schools, to control the consumption of snacks and
junk food, and to increase the consumption of fruits and
vegetables for a sound body and mind [26].

Approach and Contributions
All the awareness efforts and education programs mentioned
above were time limited to a few days or weeks. Similarly,
online child health awareness and health promotion sessions
are held globally, but they are of limited duration and
participants usually have to pay for attending these sessions.
The proposed EasyDetectDisease app, conversely, provides a
long-term solution based on the following features:

• Symptoms detection
• Diseases awareness
• Nutrition awareness
• Promotion of breastfeeding
• Explanatory tutorials of live patients
• Video guidelines about diseases by pediatric health experts.

EasyDetectDisease provides a means to mothers for diagnosing
the early symptoms of infectious diseases in their children. This
kind of early detection of symptoms can prevent serious attacks
of diseases. The app provides complete awareness about the
most frequently occurring diseases in children under the age of
5 years. The EasyDetectDisease app would be a free-of-cost
service, made available through governmental health agencies
and app stores.

Methods

Overview
This section describes the main design stages of the
EasyDetectDisease app development. We started off by
collecting health care–related data from different websites and
local health institutes. The app was designed and developed
based of the collected data. Next, its usage was evaluated by a

Interact J Med Res 2019 | vol. 8 | iss. 2 |e12664 | p.31http://www.i-jmr.org/2019/2/e12664/
(page number not for citation purposes)

Ponum et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


sample group of end users. Here, we explain these stages one
by one.

Data Collection
We gathered data on the diseases highlighted in the WHO and
UNICEF websites and by The Children’s Hospital (CH) and
the Institute of Child Health Multan (ICHM) in Pakistan. After
gathering the data, 3 pediatric health experts from CH and ICHM
examined the data for coherency and accuracy. The collected
data were then sorted according to the instructions of experts
and inserted into the app after final approval of the doctors.

App Design
The EasyDetectDisease app consists of 7 modules: diagnostic
test, diseases, prevention, nutrition, video guidelines, video

tutorials, and report, as depicted in Figures 5 and 6. Each 1 of
these 7 modules has its own functionality and purpose. The
EasyDetectDisease app is bilingual and provides content in the
Urdu language for Pakistani users and English for international
users. The user-friendly interface has been developed to facilitate
both literate and illiterate mothers in Pakistan.

According to the UNESCO data, Pakistan ranked 135th (out of
150) in literacy in 2016 [27]. According to the latest economic
survey of Pakistan, the literacy rate of Pakistan has declined by
2%, from 60% in 2015 to 58% in 2017 [28]. Female literacy
rate in Pakistan is 49%, which is very low compared to male
literacy rate [28]; therefore, the app also provides text to speech
(TTS) for mothers who cannot read Urdu but can understand
it.

Figure 5. Modules of the EasyDetectDisease app in English.
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Figure 6. Modules of the EasyDetectDisease app in Urdu.

Diagnostic Test
The diagnostic test module allows the mother to detect the
disease from its early symptoms. The module detects the
symptoms of the sick child by asking some questions from the
mother while showing her pictures of sick children.

The text of these questions is also read by the TTS. This module
provides easy navigation between interfaces, and the foremost
task for the mother is to select the language, and then, the user
interface guides her to further navigate the app. The diagnostic
test interface in Urdu and English is shown in Figures 7 and 8,
respectively.

Diseases
This module provides a detailed description of infectious
diseases and some noninfectious diseases, their spread,
incubation period, causes, child care at home, and medical
advices. For example, if a child is suffering from anaphylaxis
and his/her mother chooses anaphylaxis from the list of diseases
as shown in Figure 9, the EasyDetectDisease app will show her
a virtual patient to highlight the symptoms, give an overview
of the disease, indicate the signs of danger and affected areas,
incubation period of disease, and medical advice (see Figure
10).
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Figure 7. Diagnostic test interface of the EasyDetectDisease app in Urdu.
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Figure 8. Diagnostic test interface of the EasyDetectDisease app in English.
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Figure 9. List of diseases.

Figure 10. Disease description.

Prevention
The prevention module provides the mother with guidelines on
how to prevent common diseases such as acute hepatitis,
anaphylaxis, asthma, chicken pox, diarrhea, diphtheria, febrile
fits, iron deficiency anemia (IDA), malaria, measles, meningitis,
mumps, pertussis, tetanus, and urinary tract infection; the do’s
and don’ts when the child is suffering from a certain disease;
guidelines on how to maintain cleanliness; and information on
the kinds of medicine that should be avoided during specific

infectious diseases and can result in emergency situations (eg,
death). For example, Figure 11 shows the prevention instructions
for patients with IDA according to age; it highlights iron-rich
foods and instructs to avoid junk food to prevent the severity
of IDA. If the child is suffering from measles, the
EasyDetectDisease app educates the mother on the use of the
measles using measles, mumps, rubella (MMR) vaccine for
prevention, and it defines the possible schedule of MMR vaccine
so that the child can be cured from measles (see Figure 12).
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Figure 11. Disease prevention in English.

Figure 12. Disease prevention in Urdu.

Nutrition
This module provides the nutritional guidelines to mothers. It
contains dietary instructions for pregnant mothers and a
nutritional guide for breastfeeding mothers (ie, feeding
guidelines for newborn babies and feeding instructions for
babies aged 6 to 9 months, 9 to 12 months, or 12 to 24 months).

It provides details on complementary feeding, traditional infant
foods, instant infant foods, protective foods, and energy-dense
foods, and it instructs to monitor the growth of the child by
using measuring scales. The topics of nutritional guidelines are
listed in Figure 13, and Figure 14 shows the nutritional
instructions for a child aged 9 to 12 months.
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Video Guidelines
The video guidelines module consists of instructional videos
recorded by pediatric health experts from CH and ICHM. In
these videos, doctors educate mothers about the symptoms and
prevention of diseases and provide clinical advice. For example,

if a child is suffering from acute hepatitis, the pediatrician
highlights the signs and symptoms of acute hepatitis before
disease attack and after disease attack, causes and risk factors
of acute hepatitis, its incubation period, nutrition during the
disease period, prevention methods, care at home, and medical
advice (see Figure 15).

Figure 13. Nutritional guide in English.

Figure 14. Nutritional guide in Urdu.
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Figure 15. Video guidelines.

Video Tutorials
This module contains the recorded videos of actual patients
affected by various diseases to practically teach mothers about
the symptoms of diseases. This module also contains videos on
how to make oral rehydration solution and samoji, how to use
a nebulizer, etc. Figure 16 shows a list of videos about child
patients with diarrhea, febrile seizure, chicken pox, and many
more diseases. When a mother clicks on a specific disease, the
complete guide related to that disease is provided to her by
showing the affected children.

Report
This module allows mothers to report all those diseases that are
not described well in the app or are difficult to understand. This
module is primarily based on an algorithm that monitors the
reports from users about diseases. If the algorithm gets 3 reports
about a specific disease, then it automatically replaces the
content of that disease with easier to understand material to
facilitate enhanced comprehension.

Usability Evaluation
Overall, 2 health sessions were conducted in 2 different
communities with the help of LHWs to evaluate the app’s
usability (see Figure 17).

A total of 30 mothers were recruited from 2 different
communities since the recommended number of participants
for a usability evaluation is at least 10 [29]. According to the
record kept by the LHWs, 30 mothers with ill children were
called to attend the health sessions. None of these mothers had
used the EasyDetectDisease app previously and most of them
had their own smartphones. The app was installed on their cell
phones and they were asked to use it. It was observed in the
study that all those mothers who had a secondary level of
education or higher used the app easily, without any help.
Moreover, mothers with a primary level of education also
performed well compared to illiterate mothers. The illiterate
mothers were provided with a demonstration before they used
the app. An explanatory usability session was conducted to
explain the app’s features and its usage. It was observed that
all the illiterate mothers learned how to use the app after the
first explanatory session. Later, they were provided with the
app to diagnose their children’s diseases in the second session
where they used the app without any assistance.
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Figure 16. Video tutorials.

Figure 17. Mobile health sessions.

After all the mothers became familiar with the diseases and their
symptoms, which they could find in their children, they were
provided a questionnaire (see Multimedia Appendix 1). The
facilitator helped all mothers fill out the questionnaire. During

the evaluation of the app, the facilitator recorded and observed
the interaction of each mother with the app interface. She also
noted their suggestions and comments regarding the app. At the
end of the session, usability statements were evaluated on a
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scale of 3, ranging from strongly agree to disagree. In addition,
8 qualitative questions were asked to understand the practical
effectiveness and benefits of the EasyDetectDisease app:

1. Does the user interface provide easy navigation?
2. Does the diseases module provide detailed knowledge of

infectious diseases?
3. Does the prevention module provide necessary preventive

measures to avoid diseases?
4. Does the nutrition module provide useful nutritional

guidelines to mothers?
5. Does the video guidelines module provide complete details

about diseases?
6. Do video tutorials contain useful information?
7. What is the app’s best feature?
8. Which feature of the app needs improvement?

Results

This section provides details of the evaluation outcomes of the
EasyDetectDisease app and the participants’ feedback.

Evaluation Outcomes
The mothers of 30 ill children used the app and diagnosed the
disease their child had. The ratio of the most and least common
diseases was derived from the diagnostic test. The percentage
of disease occurrence is shown in Table 3.

The highest number of cases were reported for diarrhea; this
was diagnosed in 30% (9/30) of the children. The second major
disease was chicken pox (6/30, 20%). Similarly, pertussis (4/30,
13%) and typhoid (4/30, 13%) were diagnosed as the third major
diseases. The least common diseases were febrile fits and
mumps (1/30, 3% for each).

After diagnosing the diseases, mothers were advised to explore
the details of the disease and to follow the guidelines. They read
about the symptoms and preventive measures of the disease,
nutritional guidelines, and medical advice, and followed the
video guidelines of the pediatric health expert. In the next
meeting, each mother was asked, “What kind of health
improvement did you notice in your child after using the

EasyDetectDisease App?”. Most of the mothers answered that
they followed all of the instructions of the app, and that they
noticed that their child recovered quickly without any visible
signs of weakness in the body. They did not find any dietary
deficiency in their children after following the nutritional
instructions.

Participants’ Feedback
This subsection provides the results of the diagnostic module
usability questionnaire and qualitative feedback from the
mothers.

Diagnostic Module Usability Questionnaire Results
The diagnostic module questionnaire results were very positive.
All participants diagnosed diseases accurately based on the
symptoms. Most responses were recorded as 1 (strongly agreed).
All participants strongly agreed to the statement “I liked using
the EasyDetectDisease App.” All mothers found the app to be
easily navigable, easy to use, and easy to understand. Very few
mothers faced navigation errors because of their unfamiliarity
with the app and touchscreen phones, but in the second health
session, they were all able to navigate through the app.

Qualitative Feedback
When asked about the positive and qualitative aspects of the
EasyDetectDisease app, mothers generally liked its simplicity
and ease of use. One mother commented that using the app
required no training as it was really easy to use. Most of the
mothers reported that the app provides easy health guidelines.
One mother said:

App does not need any skill to start, as I just started
the app and it itself guided me what to do.

Many mothers were of the view that the disease diagnosis does
not require much time as the app quickly diagnoses the disease
after getting the symptoms. One mother said:

I liked the reporting feature as it automatically
converts the text into easy to understand visuals.

One mother suggested that this app should be available as an
built-in feature in all smartphones.

Table 3. Percentage of disease occurrence.

Frequency, n (%)Diseases

6 (20)Chicken pox

9 (30)Diarrhea

1 (3.3)Febrile fits

2 (6.7)Iron deficiency anemia

3 (10)Measles

1 (3.3)Mumps

4 (13.3)Pertussis

4 (13.3)Typhoid

30 (100)Total
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Discussion

Principal Findings
Development of a mobile app that can be used in a cross-cultural
environment with low resources is challenging, as it requires
iterative testing and adaptation. The EasyDetectDisease app has
been developed and updated iteratively based on feedback from
end users.

The EasyDetectDisease app provides a user-friendly approach
for disease diagnosis, description, symptoms, prevention, and
nutrition, medical advices, tutorials featuring ill patients, and
video guidelines by the pediatric health experts to promote
in-home child health care. Our goal of teaching illiterate mothers
about infectious diseases common in children under the age of
5 years was achieved successfully since their progress can be
judged from the 2 pilot health sessions during which they used
the app without any assistance. All mothers appreciated easy
navigation, effectiveness, free-of-cost availability, and
usefulness of EasyDetectDisease. Moreover, all mothers found
the app to be very useful for their child care, and all of them
agreed to use it if made publicly available.

To support the varying levels of education among mothers,
many ideas were discussed (eg, adding more diseases, easiest
interfaces, hint screens for illiterate mothers, and more video
guidelines) that would be helpful for future implementations.

Mothers with a low level of education preferred to have the app
in the local languages of Pakistan. Awareness among mothers
can play a vital role in reducing the mortality rate of children
under 5 years. If EasyDetectDisease is made available at
governmental public health agencies across Pakistan, there
would be a need to educate and train mothers on some of its
functionalities via governmental mHealth sessions or mHealth
programs for its adaptation.

Limitations
The EasyDetectDisease app’s current version is in its initial
state, and it only contains limited and the most common
infectious diseases that each child may face in his/her childhood.
This app does not contain directions on dosage or medicine that
may lead to death. This app is not an alternative for any medical
procedure. In fact, this is an educational app that can be used
to train mothers to diagnose the illness of their child at home
and to immediately provide first aid by reading or listening to
the guidance instructions. The awareness among mothers can
prove to be the best contribution to reducing the mortality rate
of children under 5 years.

Information on more diseases and additional education topics
related to breastfeeding promotion, pregnancy guidelines for
safe and healthy births, and noninfectious diseases will be added
in the next version of the app. This app is bilingual, but in future
implementations, more local languages will be added to enhance
the acceptance of EasyDetectDisease in all parts of Pakistan.
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Abstract

Background: In India, control of asthma with persistent symptoms remains a clinical enigma with likely incriminating factors
including non- and pseudoadherence to the inhaled corticosteroids and long-acting beta2-agonists. The United States Food and
Drug Administration guidance recommends the use of dose counter pressurized metered-dose inhalers (pMDIs) with further
mechanisms to track adherence and pseudoadherence in real-world settings.

Objective: Digital dose counter pMDIs (dpMDIs) offer simplified, reliable tracking of individual “actuated” dosages with
“END” display at completion of the labelled therapeutic aerosol spray. The translational impact on symptom persistence with
likely unwarranted exposure to the “Step up” strategy is often prevented if not treated, as in the cases of “pseudo” severe asthma.
To further assess the real-world acceptance and clinical impact of dpMDIs in bronchial asthma including poorly controlled or
uncontrolled bronchial asthma cases, a noninterventional observational study was performed.

Methods: This cross-sectional, retrospective, case cohort, observational study—the Drug Utilization Surveillance—of dpMDIs
in bronchial asthma was conducted in September 2016 in an outpatient setting in India. The retrospective analysis was initiated
and conducted as per the International Conference on Harmonization Good Clinical Practice principles and Declaration of Helsinki,
following approval from the local ethics committee and registration in the Clinical Trial Registry of India.

Results: Consecutive cases of moderate-to-severe asthma with poor control (n=4575), diagnosed as per the Global Initiative
for Asthma symptom scale at baseline and follow-up, were included. Patients under treatment using dpMDIs were enrolled from
500 centers across India and assessed by respiratory care specialists. Baseline asthma control was assessed as partly controlled
(n=4575) or poorly controlled (n=2942). Per protocol analyses showed that asthma was well controlled with dpMDIs at 8 weeks
in 92.7% of the cases (2727/2942, P<.001). Adverse events (n=106, 2%) of mild-to-moderate intensity were reported. Nebulization
was required in two patients with episodic breathlessness who were discharged with no consequent sequelae. Post hoc analyses
for patients with baseline poorly controlled asthma who “switched” exclusively to dpMDI monotherapy or a combination with
xanthines or long-acting beta2-agonists showed a “well controlled” asthma status in 85.9% (500/582, P=.04), 95.4% (395/414,
P=.048), and 80.3% (106/132, P=.28) of the cases, respectively. The patient acceptability criteria for an “empty” canister was
well correlated with the clinical strategy to identify and avoid pseudoadherence in poorly controlled or difficult-to-treat asthma
cases, especially in patients who “switched” exclusively to dpMDIs (n=582) and demonstrated responses of “Use till twenty dose
display” (65/156, 41.6%), “Use till END display” (83/156, 53.2%), and “Use till LAST spray” (8/156, 5.1%).

Conclusions: dpMDIs offer simple, accurate, and reliable tracking of non- and pseudoadherence while highlighting incremental
asthma-control rates in severe and pseudosevere asthma cases before risk assessment for further “add-on” therapy

Trial Registration: Clinical Trials Registry - India CTRI/2018/06/014595; http://www.ctri.nic.in/Clinicaltrials/pmaindet2.php?
trialid=24583
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Introduction

Bronchial asthma continues to be a serious global health
challenge with an estimated global prevalence of 300 million
people, where most cases remain poorly controlled [1-3].

Problem Statement
Patient-reported asthma control worldwide, especially in India
and China, remains remarkably low, varying from 0% to 50%
[4,5]. The correlation of the patient-reported satisfaction scores
and the Global Initiative for Asthma (GINA) symptom scale
for asthma control reveals disproportionate or alarming rates of
partly controlled (48%-60%) or uncontrolled (18%) asthma,
especially in patients receiving background inhaled
corticosteroid and long-acting beta2-agonist (ICS/LABA)
combination inhaler therapies [4,6,7]. Asthma control is a
complex and multiparametric issue that is largely affected by
not only physiological and environmental parameters, but also
the psychological state of patients and their cultural and
socioeconomic background [8]. In the Indian subcontinent, the
clinical issues of patient-reported social stigma, habituation,
tolerance, and adverse events with inhaler therapies are often
perceived to be complex and perplexing for primary care
physicians.

Despite the enumeration of these likely confounding variables
or concomitant risk factors, asthma control continues to remain
an elusive goal, regardless of the availability of new devices or
therapeutic strategies including biologics or anti-Ig E therapy
[9-12].

The pressurized metered-dose inhaler (pMDI) has been the most
widely used inhaler over the past 40 years and a value-added
proposition, unlike the dry-powder inhaler. The pMDI offers
incremental lung-deposition rates, especially in patients with
severe asthma or poor inspiratory flow rates. However, in most
cases, they provide little information on the “remaining”
medication or therapeutic dosages in the canister [13]. This
uncertainty leads to pMDI overuse beyond the stated labelled
number of dosages, and the patient inhales little or “tail” sprays
containing only propellant. The clinical implications of this are
huge, with the patients often dealing with persistent symptoms
or exacerbations requiring further investigations or unwarranted
approach with advanced therapies or bronchodilators. Ogren
found that up to 40% of patients believe they are taking their
asthma medication when they are actually activating an empty
or nearly empty pMDI [14]. Similarly, an epidemiological
survey (B Singh, MD, personal communication, 2016)
conducted across India seconded the viewpoint of most
pulmonologists in highlighting patients’ persistence with the
conventional pMDIs till the “last” spray, creating a false
perception that they are actually receiving medication, which
leads to pseudoadherence and related complications [15].

International Recommendations
The United States Food and Drug Administration took
cognizance of these twin challenges of non- and
pseudoadherence, especially with pMDI devices used to deliver
ICS/LABA combinations, and recommends the use of dose
counter pMDIs to track nonadherence accurately and reliably
through individual dosage movement or actuation, with
“lockout” mechanisms to avoid inhalation of the tailed sprays
[16]. However, the use of “lockout” mechanisms may not be
clinically relevant when delivering formulations with dual use
such as maintenance and rescue medications.

Digital dose counter pMDIs (dpMDIs) offer simplified, reliable
tracking of individual “actuated” dosages with END display
that signifies the onset of pseudoadherence or “empty” sprays
containing propellant only. The translational impact on symptom
persistence with likely unwarranted exposure to the “Step up”
strategy is often prevented if not treated, as in the cases of
“pseudo” severe asthma (ie, Step 3 Asthma control cases
receiving Step 4 care).

Objective
In line with the global and local epidemiological burden of
uncontrolled or partly controlled asthma, which varies from
58% to 60% for patients on the current standard of care [4,7],
the real-world utilization and impact of dpMDI initiation or
“switch” was evaluated in this retrospective, observational,
drug-utilization clinical study.

Methods

This cross-sectional, retrospective, case cohort analysis—the
Drug Utilization Surveillance study (Clinical Trials Registry -
India CTRI/2018/06/014595)—of dpMDIs was performed in
patients with bronchial asthma after obtaining approval from
the local ethics committee, with registration in the Clinical Trial
Registry of India. Patients were enrolled from 500 outpatient
centers that utilized the GINA symptom scale for assessing
asthma control in patients on dpMDIs across India in September
2016. The study was conducted as per the principles of
International Conference of Harmonization for Good clinical
practice and Declaration of Helsinki while ensuring
confidentiality of patient identifiers before analyses.

Consecutive case records for patients with bronchial asthma
exposure to dpMDIs were collated for analyses with follow-up
information on the asthma control status for at least 8 weeks.
Primary analyses for clinical cases were performed to assess
the asthma control status with symptomatic assessment using
the GINA symptom scale for daytime symptoms, night-time
symptoms, activity limitation, and use of rescue medications
for at least 8 weeks with dpMDIs. As per the GINA scale,
asthma control was defined as well controlled, partly controlled,
or uncontrolled, with total scores of 0, 1-2, and 3-4, respectively,
at baseline, 4 weeks, and 8 weeks (follow-up). Clinician
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assessment or review of the inhalation technique, including
patient feedback on the use of dpMDIs at 4 weeks, was also
analyzed.

Efficacy Parameters
Primary analysis, post hoc analyses, and interaction tests were
performed for well-controlled asthma overall, in newly
diagnosed cases, and in poorly controlled asthma cases at
baseline, respectively. Statistical analyses for categorical and
numerical data were carried out by the Fisher exact test and
Student t test, using QuickCalcs GraphPad Prism (version 7.05;
San Diego, CA), with two-tailed P values<.05 considered
statistically significant.

Safety Parameters
Descriptive statistics were used for assessment of the incidence
of treatment-emergent adverse events at 8 weeks.

Results

A total of 4575 consecutive cases of moderate-to-severe asthma
with uncontrolled status, as assessed by respiratory care
specialists, of at least one GINA symptom at baseline and
follow-up were enrolled. Patients included were under treatment

with dpMDIs from 500 centers across India. Asthma control
status was categorized as partly controlled (n=4575) or
uncontrolled (n=2942) at baseline. Per protocol analyses were
performed for patients with uncontrolled asthma, as evaluated
by the GINA symptom scale at 8 weeks. Baseline demographics
are presented in Table 1. More patients were on
formoterol/budesonide combination treatment (n=3791, 73%)
than on salmeterol/fluticasone combination treatment (n=1404,
27%).

Clinical records were available for 4575 cases, with further per
protocol analyses conducted for patients with at least two
follow-up visits (n=2942, uncontrolled asthma status at
baseline), as highlighted in the patient disposition chart (Figure
1).

Asthma control status at 4 and 8 weeks was categorized as well
controlled, partly controlled, or uncontrolled as per the available
GINA assessment total scores for daytime, activity limitation,
night-time symptoms, and use of rescue medications in the last
month. The baseline and follow-up symptoms were assessed as
uncontrolled, partly controlled, or well controlled based on the
GINA assessment scale for symptom and rescue medication
use (Table 2).

Table 1. Demographics and clinical characteristics at baseline.

ValueParameter

Asthma control, n (%)

4575 (100)Partly controlled

2942 (64.3)Uncontrolled

Characteristics of patients with uncontrolled asthma

Gender, n (%)

2114 (71.9)Male

828 (28.1)Female

49.5 (15.9)Age, mean (SD) 

62.8 (13.2)Body weight, mean (SD) 

1234 (41.9)Newly diagnosed, n (%) 

1708 (58.1)Poorly controlled, n (%)

135 (4.6)Exacerbation history, n (%) 

Baseline medications, n (%)

24 (0.8)Antibiotics 

200 (6.8)Bronchodilator syrup 

218 (7.4)Oral steroids 

1194 (43.9)Inhaled corticosteroids/long-acting β2 agonist 

110 (4.0)Xanthines 

55 (2)Leukotriene receptor anatagonist with or without antihistaminic agents 

1359 (50)Other combination 

514 (17.5)No therapy 
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Figure 1. Patient disposition flow chart to digital dose counter pMDIs at baseline. LTRAs: Leukotriene receptor antagonists, LAMAs: Long-acting
muscarinic antagonists, pMDIs: pressurized metered dose inhalers.

Table 2. Patient symptom assessment scores for well-controlled, partly controlled, or uncontrolled asthma at every visit. The scores are marked as Yes
(1) and No (0). Total scores of 3-4, 1-2, and 0 at each visit indicate uncontrolled, partly controlled, and well-controlled asthma, respectively.

ScoreGlobal Initiative for Asthma symptom scale

1/0Daytime asthma symptoms >2 times/week

1/0Activity or exercise limited by asthma

1/0Waking at night due to asthma

1/0Rescue medication (number of times/month)

Efficacy
Primary analyses based on clinical assessment for daytime,
night-time, activity limitation symptomatology showed that a
“well-controlled” status was observed in 92.7% cases
(2701/2942, P<.001), 95.9% (1184/1234, P<.001), and 90.3%
(1563/1708, P<.001) of the overall cases, newly diagnosed
cases, or poorly controlled cases at baseline, respectively (Table
3).

Clinician assessment of patient acceptability and use of dpMDIs
at 4 week was categorized as “Use till twenty dose display”
(n=430, 33.4%), “Use till END display” (n=765, 59.4%), and
“Use till LAST spray” (n=92, 7.3%).

Post hoc analyses for newly or poorly controlled cases receiving
dpMDIs with or without concomitant therapy were further
performed for patients with well-controlled asthma.

Well-controlled asthma was observed in 97.6% (365/374, P=.01)
and 97.6% (202/207, P<.001) of patients with newly diagnosed
asthma receiving xanthine and LTRAs, respectively.

Similarly, in the poorly controlled group at baseline, who
“switched” exclusively to dpMDIs, the clinical response rates
for well-controlled asthma was significantly high at 85.9%
(500/582, P=.04) at 8 weeks. In the baseline poorly controlled
group receiving dpMDIs with xanthines or long-acting
muscarinic antagonist (LAMAs), the response rates for
well-controlled asthma at 8 weeks were significant at 95.4%
(395/414, P=.048) and 80.3% (106/132, P=.28), respectively.

Assessment of the “switch” group for dpMDIs by the health
care specialists at 4 weeks showed the following responses:
“Use till twenty dose display” (n=65, 41.6%), “Use till END
display” (n=83, 53.2%), and “Use till LAST spray” (n=8, 5.1%).

Safety Outcomes
Adverse events (n=106, 2%) of mild-to-moderate intensity
involving tremors (n=34, 0.7%), palpitation (n=10, 0.2%), mouth
ulcers (n=10, 0.2%), and oral candidiasis (n=9, 0.2%) were
reported. Nebulization was required in two patients with episodic
breathlessness, who were discharged with no consequent
sequelae.
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Table 3. Well-controlled asthma status at 8 weeks overall, in the newly diagnosed group, in the poorly controlled group, and in the uncontrolled group
at baseline.

P valueWell-controlled asthma at 8 weeks,
n (%)

Bronchial asthma cases,
n (%)

 Patient population

<.0013955 (86.4)4575 (100)Baseline partly controlled asthma (overall) — dpMDIa/combination

<.0012701 (92.7)2942 (64.3)Baseline uncontrolled asthma — dpMDI/combination

Baseline newly diagnosed

<.0011184 (95.9)1234 (58)dpMDI/combination 

.01365 (97.6)374 (17.6)dpMDI/xanthine 

.001202 (97.6)207 (9.7)dpMDI/LTRAb 

Baseline poorly controlled

<.0011563 (90.3)1708 (69.8)dpMDI/combination 

.048395 (95.4)414 (16.9)dpMDI/xanthine 

.28106 (80.3)132 (5.4)dpMDI/LAMAc 

.04500 (85.9)582 (23.8)dpMDI monotherapy 

adpMDI: digital dose counter pressurized metered-dose inhalers.
bLTRA: leukotriene receptor antagonist.
cLAMA: long-acting muscarinic antagonist.

Discussion

This real-world, cross-sectional, retrospective study highlights
the clinical impact and utilization of dpMDIs in the management
of uncontrolled asthma. The well controlled asthma rates of
92.7% (2727/2942, P<.001), 95.4% (394/414, P=.048), and
85.9% (500/582, P=.04) at 8 weeks for overall group and clinical
cases who ‘switched’ from conventional pMDIs to dpMDIs
with Xanthines or alone, respectively, provides the first data
point on clinical response rates with any dpMDIs for asthma
cases predominantly on ICS/LABA combination. There is sparse
literature on similar studies; a postapproval, prescription event,
clinical study conducted with analogue dose indicator pMDIs
that included 13,464 patients on salmeterol/fluticasone
(EVOHALER*) treatment for Reversible Obstructive Airway
Disease reported a response rate of 62% [17].

Severe asthma remains largely uncontrolled when the differential
diagnosis involves conditions that may mimic asthmatic
symptoms (eg, extrathoracic hyperresponsiveness syndromes
and vocal cord dysfunction) or comorbidities that may worsen
disease control (eg, allergic or nonallergic rhinitis, chronic
rhinosinusitis with or without nasal polyps, bronchiectasis, and
gastroesophageal reflux); when the condition is investigated
with little recognition or connection with possible incorrect
inhaler techniques; or when treatment adherence is poor,
including non- or pseudoadherence observed in most clinical
cases, which often leads to severe or a difficult-to-control asthma
state.

Nonadherence and Difficult-to-Control Asthma
The REALISE (REcognise Asthma and LInk to Symptoms and
Experience) Asia survey based on the GINA assessment scale
suggested that the questionnaire for asthma control highlighted
the disparity in the rates of the well-controlled status (only

53.2%), and most patients (86%) were nonadherent to
maintenance therapy with aerosols, making them highly
susceptible to developing persistent symptoms or progressive
disease. Timely reminders or active counselling plays a critical
role in improving or building treatment adherence for optimal
control or prevention of exacerbations [18]. This was further
highlighted by Krishnaprasad in a noninterventional,
prospective, observational, single-arm study involving
moderate-to-severe asthma cases requiring ICS/LABA
inhalation. Telephonic monitoring conducted for 124 patients
to assess asthma control utilizing the GINA assessment
questionnaire highlighted consistency in the “well-controlled”
asthma status (84%) at 1 year for treatment of adherent patients
utilizing conventional pMDIs without dose counters [18-19].
However, in most real-world settings, outside the realms of
controlled research framework, monitoring the patient for
adherence remains a difficult proposition to assess and review,
as suggested by the GINA.

Pseudoadherence and Difficult-to-control Asthma
Our results and patient descriptors highlight the pertinent need
for an inhalation device or strategy to address the likely
behavioral or device-related risk factors that may be observed,
such as old age, a history of noncompliance, socioeconomic
variables, or cognitive deficits, for continued benefits especially
in severe asthma or pseudo-severe asthma cases due to
“intermittent” or pseudo-adherence when faced with responsive
symptoms [20].

The clinical response or well-controlled asthma rate of 90.3%
in the poorly controlled group on dpMDIs with other therapy
shows significant credibility to the overall “therapeutic” impact
of these devices in the real-world management of severe asthma
before further prescribing “Step up” or Single Maintenance and
Rescue Therapy, which are likely to expose patients to systemic
side effects of high-dose inhaled corticosteroids.
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Post hoc analyses for poorly controlled patients with Step 3
Asthma control who "switched" exclusively to dpMDI
monotherapy showed a "well controlled" asthma status in 85.9%
(500/582, P=.04), of the cases, respectively. This finding further
consolidates the rationale of the therapeutic role of these devices
for symptomatic or pseudo-severe asthma cases. This was
seconded by the high rates of compliance and feedback by
patients using the dpMDIs correctly till the END display,
thereby avoiding the ill-effects of pseudoadherence.

The lack of a significant response to dpMDIs with LAMAs in
this study may be precluded by the small sample size and a lack
of investigation or understanding of the underlying
pathophysiologic basis involving eosinophilic inflammation or
fraction exhaled nitric oxide response scores for continued
response to the background ICS/LABA combination.

Study Limitations
The findings are limited by the retrospective nature of the
analyses, which lacks a control for comparative assessment.
However, to our knowledge, the results are the first to highlight

the incremental or translational benefits of dpMDIs in patients
with difficult-to-treat or pseudo-severe asthma, which is often
treated with continued or high-dose inhaled corticosteroids.

Conclusion
The dpMDIs offer a simple, accurate, and reliable solution to
tracking non- and pseudoadherence in real-world settings,
thereby preventing morbidity or mortality associated with such
obstructive airway diseases. By tracking the effects of the use
of both preventer (controller) and reliever (rescue) medications,
the digital pMDI will engage and empower patients in their
self-care, leading to improved adherence while enabling
real-time monitoring of medication use and symptom flare-ups
by caregivers and the health care community.

The dpMDIs also remain a clinically important, yet relevant
strategy that delivers optimal responses in therapy-resistant
severe asthma while endorsing the concept that they “treat”
pseudo-severe asthma while preventing severe asthma
management with biologics or xanthines.
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Abstract

Background: Although plastic surgery has been gaining a lot of popularity recently, there seems to be limited perception and
a poor understanding of this field by both medical professionals, including medical students, and the general public. This might
alter referral patterns as well as medical students’ choice to pursue a career in plastic surgery.

Objective: The purpose of this study was to assess knowledge and perception of plastic surgery among medical students and
to explore the influencing factors underlying particular beliefs.

Methods: Data for this cross-sectional study were collected between August 22 and December 22, 2017. The questionnaire was
formulated on the basis of our own study objectives and from available questionnaires with similar objectives. It was composed
of 14 questions divided into three main parts: demographics, the specialty of plastic surgery, and media involvement and its effect
on plastic surgery. The study was conducted via an online questionnaire among medical students in all years at King Abdulaziz
University Hospital, Jeddah, Saudi Arabia. Data were considered significant at P<.05. All analyses were performed using SPSS,
version 20.

Results: A total of 886 medical students participated in this study. We achieved a response rate of 56.79%. The mean age of
the participants was 21.2 years. The mean awareness score was 9.7 (SD 4.2) for female students and 8.3 (SD 4.2) for male students
(P<.001). The condition most commonly known to be treated by a plastic surgeon was burns (70.3% of responses).

Conclusions: Medical students do not have adequate awareness of plastic surgery, and early exposure to this specialty may
enhance their awareness.

(Interact J Med Res 2019;8(2):e12999)   doi:10.2196/12999

KEYWORDS

plastic surgery; perception; knowledge; medical students; media; King Abdulaziz University; Jeddah; Saudi Arabia

Introduction

Plastic surgery is well defined as the specialty concerned with
restoration, reconstruction, and enhancement of the function
and appearance of body structures that are missing, defective,

damaged, or misshaped. It includes both reconstructive and
cosmetic surgery [1]. According to the American Society of
Plastic Surgeons, nearly 17.1 million cosmetic procedures and
5.8 million reconstructive procedures were performed in 2016
alone; this represents an increase in cosmetic procedures of
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132% since 2000 [2]. Despite this growth in the field, there
seems to be limited perception and a poor understanding of this
specialty by medical professionals, including medical students,
and the general public [3].

Even though plastic and reconstructive surgeons require
extensive surgical training and technical skills, they are mostly
known for performing cosmetic surgeries [4]. An Indian study
reported that plastic surgery is poorly understood in the medical
community, as 12% of the participants thought that plastic and
cosmetic surgeries were the same [3]. Similarly, a recent study
conducted by Fraser et al [5] concluded that medical students
have a skewed perception that is largely influenced by television.
As these students go on to become practicing physicians, their
misconceptions regarding plastic surgery may negatively affect
the specialty by altering patient referral patterns and their
decision to pursue a career in plastic surgery.

The number of Saudi plastic surgeons is relatively low in
comparison to that in other parts of the world: Recent statistics
showed the percentage of plastic surgeons in Saudi is 0.5%
compared to 15.6% in the United States, 12.6% in Brazil, and
6.4% in China [6]. Therefore, this study aimed to measure the
level of awareness about plastic surgery among medical students
in Saudi Arabia in order to improve their perception and maybe
their interest in plastic surgery as a choice in their specialty.

No data are available in the literature about medical students’
knowledge and perception of plastic surgery in Saudi Arabia.
The purpose of this study was to assess knowledge and
perception of plastic surgery among medical students in Saudi
Arabia and to explore the influencing factors underlying
particular beliefs.

Methods

Study Design and Data Collection
This cross-sectional study was conducted via an online
questionnaire at King Abdulaziz University Hospital in Jeddah,
Saudi Arabia. The survey was hosted freely on the Google
survey webpage, and the link was sent by two randomly chosen
representatives from each year (second to sixth year) who
volunteered to distribute the questionnaire online via WhatsApp,
wherein they had a master list of students’ names and their
contact information. Participants were chosen via a multistage
stratified random sampling method. Stratification considered
gender and educational year (second to sixth). A total of 886
medical students participated in the study. The data were
collected from August 22 to December 22, 2017. All participants
were informed about the demands of the study, and those who
agreed to participate were enrolled. Participants who refused to
participate or failed to complete the questionnaires were
excluded.

Questionnaire Variables
The questionnaire was formulated on the basis of our own study
objectives and from available questionnaires with similar
objectives [7-9]. Both content and face validity were assessed
by two experts. Internal consistency reliability was assessed
using Cronbach alpha. The questionnaire was composed of 14
questions divided into three main parts: demographics, the

specialty of plastic surgery, and media involvement and its
effect on plastic surgery. The first part included age, gender,
educational level, and academic grade point average (GPA).
The second part aimed to assess medical students’ knowledge
about plastic surgery. The total score for awareness was 21 and
ranged between 1 and 21; a higher score indicated more
awareness about plastic surgery. The final part involved
questions aimed at determining the role of media in students’
perceptions of plastic surgery.

Ethical Considerations
This study was approved by the Institutional Review Board and
the Research Ethics Committee of King Abdulaziz University
in Jeddah.

Statistical Methods
Descriptive statistics were used for the baseline characteristics
of all respondents, the frequencies and percentages of
respondents who had chosen other specialties, the sources of
information regarding plastic surgery, and the conditions treated
by plastic surgery. The Student t test was used to compare the
mean difference in awareness scores of all respondents
according to different variables. A one-way analysis of variance
test was used to compare the mean awareness score among
participants across decisions regarding plastic surgery and the
level of education. The Spearman correlation test was used to
determine the correlation between the score achieved and age,
educational level, and academic GPA. A Chi-square test
generated P values according to different variables for
participants who chose the plastic surgery specialty. Data were
considered significant at P<.05. All analyses were performed
using SPSS, version 20 (IBM Corp, Armonk, NY).

Results

Participants
A total of 886 medical students participated in the study,
yielding a response rate of 56.79% (886/1560). The mean age
of students was 21 years, and 50% were females. Students were
from different levels of medical school—25.6% were in their
final year—and 66% of the students had a GPA between 4.5
and 5 (Table 1).

Among the sample, 65.8% of the students had not yet decided
on their career specialty, 11% had chosen to pursue a career in
plastic surgery, and 22.7% had chosen a different specialty
(Figure 1).

Knowledge of Plastic Surgery
The mean awareness score was 9.7 (SD 4.2) for female students
and 8.3 (SD 4.2) for male students (P<.001). Those who had
been exposed to a surgical discipline had a higher score (mean
10.4, SD 4.4) than those who had no exposure (mean 8.5, SD
4.1; P<.001). Students who had not decided on their career
specialty had a lower score (mean 8.4, SD 4.1) than those who
had chosen plastic surgery or any other specialty (P<.001).
Sixth-year medical students had an awareness score of 10.5,
which was higher than that of second-, third-, and fourth-year
students (P<.001; Table 2).

Interact J Med Res 2019 | vol. 8 | iss. 2 |e12999 | p.54http://www.i-jmr.org/2019/2/e12999/
(page number not for citation purposes)

Mortada et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Table 1. Summary of characteristics and responses of participants.

n (%)Characteristics and responses

Gender

440 (49.7)Female

446 (50.3)Male

Educational level

156 (17.6)2nd year

220 (24.8)3rd year

188 (21.2)4th year

95 (10.7)5th year

227 (25.6)6th year

Academic GPAa

1 (0.1)<2.5

7 (0.8)2.5-2.99

29 (3.3)3-3.49

103 (11.6)3.5-3.99

252 (28.4)4-4.49

494 (55.8)4.5-5

Exposed to medically themed television

325 (36.7)No

561 (63.3)Yes

Exposed to a surgical discipline

648 (73.1)No

238 (26.9)Yes

Made a decision about choosing plastic surgery

102 (11.5)Yes

39 (4.4)No

162 (18.3)Other specialty

583 (65.8)Not decided

aGPA: grade point average.

Figure 1. Specialty preferences among participants.
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Table 2. Achieved scores across various factors.

P valueMean score (SD)nFactor

<.001aGender

9.73 (4.178)440Female

8.30 (4.196)446Male

<.001aExposed to medically themed television

10.01 (4.029)561Yes

7.29 (4.060)325No

<.001aExposed to a surgical discipline

10.42 (4.296)238Yes

8.49 (4.110)648No

.07aWants to be a plastic surgeon

9.73 (4.446)102Yes

8.92 (4.213)784Other specialty or not determined

<.001bMade a decision regarding plastic surgery

9.73 (4.446)102Yes

9.59 (4.278)39No

10.67 (3.984)162Other specialty

8.39 (4.138)583Not decided

<.001bEducational year

6.95 (4.011)1562nd year

8.66 (4.008)2203rd year

8.84 (4.087)1884th year

10.01 (4.304)955th year

10.49 (4.092)2276th year

aBy Student t test.
bBy analysis of variance.

Burns were most commonly known to be treated by a plastic
surgeon (70.3% of students), followed by rhinoplasty (67.6%)
and breast reduction or enhancement (66.6%). The conditions
least known to be treated by plastic surgeons were injuries to
the nerves of the hands and legs (12.1% of students), tendon
injuries of the hand (12.3%), and bedsores (13%) (Table 3).

Role of Media in Perceptions
Of the students in the sample, 63.3% had been exposed to
medically themed television programs. Their awareness scores
were higher (mean 10, SD 4) than those of students who had
not been exposed to these programs (mean 7.3, SD 4.1; P<.001;

Table 1) The most commonly mentioned source of information
was the internet (54.4%), followed by the television (44.7%;
Table 4).

Spearman rank correlation was performed to test the correlation
between the achieved score and age, academic year, and GPA
(Table 5). There was a significant correlation between the score
and age (P<.001; r=0.18). There was also a significant
correlation between the score and academic year (P<.001;
r=0.27), which indicates a weak positive correlation between
the score and both age and academic year. There was no
statistically significant correlation between the GPA and the
achieved score (P=.45).
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Table 3. Conditions treated in plastic surgery. Frequency refers to the number of students who were aware of the conditions treated in plastic surgery.

Frequency, n (%)Condition

623 (70.3)Burns

599 (67.6)Rhinoplasty (nose job)

590 (66.6)Breast reduction or enhancement surgeries

555 (62.6)Botox

536 (60.5)Cleft lip and palate (congenital)

483 (54.5)Eyelid tears and cuts over the face

460 (51.9)Congenital anomalies of ear and nose

456 (51.5)Liposuction (fat aspiration)

404 (45.6)Abdominoplasty (tummy tuck)

402 (45.4)Fractures of the jaw and face

353 (39.8)Hair transplantation

352 (39.7)Sex-change surgery

229 (25.8)Finger amputations

153 (17.3)Diabetic foot wounds

123 (13.9)Fractures of the hand

115 (13.0)Bedsores

109 (12.3)Tendon injuries of hand

107 (12.1)Injuries to nerves of the hands and legs

Table 4. Sources of information regarding plastic surgery.

Frequency, n (%)Source

482 (54.4)Internet

396 (44.7)Television

316 (35.7)Friends

240 (27.1)Snapchat

234 (26.4)Instagram

174 (19.6)Personal encounter

127 (14.3)Twitter

122 (13.8)Other

120 (13.5)Teaching sessions

87 (9.8)Magazines

86 (9.7)Personal experience

81 (9.1)Clinical rotations

77 (8.7)Workplace

26 (2.9)Facebook

Table 5. Spearman correlation test for the correlation between achieved score and age, educational level, and academic grade point average (N=886).

P valueCorrelation coefficient (r)Variable

<.0010.182Age

<.0010.267Educational level

.450.025Academic grade point average
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Discussion

Principal Findings
A total of 886 medical students participated in this study. The
mean age of the participants was 21.2 years, and half of them
were female. Almost 66% of the students had a GPA above
4.5/5. The mean awareness score was 8.3 (SD 4.2) for male
students and 9.7 (SD 4.2) for female students (P<.001). The
condition most commonly known to be treated by a plastic
surgeon was burns (70.3% of responses), followed by
rhinoplasty (67.6% of responses). As plastic surgery is a unique
specialty that deals with everything from head to toe, it has no
organ system of its own. Our data show that medical students
lack a proper understanding of the specialty of plastic surgery.
These findings are consistent with those of other studies that
defined plastic surgeons as cosmetic surgeons only or did not
recognize the surgeries that are commonly performed by plastic
surgeons, such as hand surgery and cleft palate surgery [9,10].
Interestingly, these misconceptions are also held by other
groups, including the public, primary care physicians, and
residents [7,8].

Students in our study believed that plastic surgeons most
commonly treat burns (70.3%), perform rhinoplasty (67.7%),
and perform breast-reduction and enhancement surgeries
(66.6%). In contrast, in a study from Pakistan, the perception
was that plastic surgeons most commonly perform hair
transplant surgery (89.9%), followed by facial scar surgery
(88.0%) and rhinoplasty (83.4%) [11]. However, in a study
performed in India, burns were the most frequently named
condition (20.4%), but at a much lower percentage than that
observed in our study (70.3%) [4]. Adeyemo et al [12] reported
that the most commonly named procedures were liposuction
(88.2%) and hair transplant surgery (84.4%); in contrast,
liposuction was named by only 53% of our study participants.
A similar study conducted in Pakistan among college students
found that the internet was the main source of information about
plastic surgery (88%) [11], which is in agreement with the
results of our study (54.4%).

The revolution in various forms of media and social networking
channels has made the conditions treated by plastic surgeons
more recognizable. Medically themed series such as Grey’s
Anatomy and House seem to be significantly associated with
better awareness of plastic surgery among the students in our
study. The internet and social media are considered a rich source
of information for plastic surgery, as the majority of students
identified them as their sources of information. Considering
new trends in social media and the advertisements that serve to
educate students about cosmetic surgery, the use of the internet
and social media tools to promote a more accurate and realistic
portrayal of medicine should be strongly advocated.

Medical students' perceptions about the different surgical
disciplines may increase as they progress through their clinical
years. Students in their final year in this study had significantly
more knowledge about plastic surgery than their younger peers.

Although medicine and surgery were considered essential in
shaping the educational foundation of the students, their lack
of knowledge about plastic surgery may have a negative impact
on their chances of obtaining a residency in this field. Plastic
surgery is an extremely competitive specialty, and it is
mandatory for students who wish to pursue a residency position
in this field to be involved in extracurricular activities that
include electives and related research.

In our study, female medical students were more knowledgeable
and aware of the discipline of plastic surgery than male students.
This could be explained by the positive correlation between the
awareness level and the GPA, as female students had a
statistically significant higher GPA. In our study, we also found
that 14.5% of male students wanted to pursue a career in plastic
surgery compared to only 8.4% of female students, consistent
with the findings of a study conducted in Riyadh, which showed
that male medical students were more interested in plastic
surgery as a specialty than female students [13]; this finding is
in agreement with previous published articles in countries with
cultural similarities such as Turkey and Jordan [14,15].

Specialty selection might vary according to gender, as shown
in a study by Alshahrani et al: Family medicine was the most
preferred specialty for women among Saudi medical students
[16].

To our knowledge, this study is the first of its kind in Saudi
Arabia to assess the perception and knowledge of medical
students about plastic surgery. Many different modalities may
improve awareness of this specialty. Self-explanatory brochures
about this specialty and its different disciplines have been
advocated as a tool to increase awareness. We recommend that
future studies asses if there are any social or cultural components
to the awareness score and analyze medical students’ interest
of pursuing a carrier in plastic surgery.

Limitations
Although our sample size was much larger than that reported
in any other article in the field [4,5,11] and the study achieved
its aim, there were some limitations that need to be highlighted.
First, our study was cross-sectional, covered a short interval
time, and was conducted at a single institution. In addition, there
is a possibility that the responses and level of awareness are not
representative of all medical students in Saudi Arabia. Second,
response bias may have occurred because of the moderate
overall response rate (56.79%), which was particularly affected
by some students’ refusal to participate or failure to complete
the questionnaire. This could be attributed to the lack of interest
and time, which resulted in the exclusion of these students from
the study.

Conclusions
Medical students do not have adequate awareness of plastic
surgery. Early exposure to this specialty may enhance their
awareness. Internet and social media channels are rich sources
of information and their use as educational tools should be
encouraged.
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Abstract

Background: Traumatic and degenerative lesions in the cartilage are one of the most difficult and frustrating types of injuries
for orthopedic surgeons and patients. Future developments in medical science, regenerative medicine, and materials science may
allow the repair of human body parts using 3D bioprinting techniques and serve as a basis for new therapies for tissue and organ
regeneration. One future possibility is the treatment of joint cartilage defects with in vivo 3D printing from biological/biocompatible
materials to produce a suitable cell attachment and proliferation environment in the damaged site and employ the natural recovery
potential of the body. This study focuses on the perspectives of orthopedic surgeons regarding the key factors/determinants and
perceived clinical value of a new therapeutic option.

Objective: This study aimed to determine the knowledge and expectations of orthopedic surgeons regarding the clinical use of
bioprinted cartilage.

Methods: The survey, conducted anonymously and self-managed, was sent to orthopedic surgeons from the Catalan Society
of Orthopedic and Traumatology Surgery. In accordance with the method devised by Eysenbach, the Checklist for Reporting
Results of Internet E-Surveys was used to analyze the results. The following factors were taken into consideration: the type and
origin of the information received; its relevance; the level of acceptance of new technologies; and how the technology is related
to age, years, and place of experience in the field.

Results: Of the 86 orthopedic surgeons included, 36 believed the age of the patient was a restriction, 53 believed the size of the
lesion should be between 1 and 2 cm to be considered for this type of technology, and 51 believed that the graft should last more
than 5 years. Surgeons over 50 years of age (38/86, 44%) gave more importance to clinical evidence as compared to surgeons
from the other age groups.

Conclusions: The perspective of orthopedic surgeons depends highly on the information they receive and whether it is specialized
and consistent, as this will condition their acceptance and implementation of the bioprinted cartilage.

(Interact J Med Res 2019;8(2):e14028)   doi:10.2196/14028
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Introduction

Background
The cartilage is a specialized connective tissue that does not
contain nerves, blood, or lymphatic vessels and is formed by
the differentiation of mesenchymal cells. It is flexible and
composed mainly of extracellular matrix that contains
chondrocytes. Defects on the articular cartilage do not heal
spontaneously and tend to develop into osteoarthritis, which in
turn alters the articular function and can cause disability and
progressive loss of quality of life [1]. The exact incidence of
symptomatic lesions of cartilage in the general population is
unknown. In some large epidemiological studies, cartilage
lesions have been observed in 5%-11% of diagnostic
arthroscopies in predominantly young adults with joint pain [2].
However, injuries are often focal chondropathies, resulting in
matching injuries on the opposing surface such as in meniscus
or ligament injuries to the knee. They are also related to
misalignments of the axis articulating load. Two types of
techniques are used for the treatment of symptomatic lesions
of cartilage: the reconstructive techniques have been in use since
the 1950s and the regenerative techniques are newly introduced
in tissue engineering [3]. Current surgical procedures [4] such
as microfracture surgery, mosaicplasty, and allografting have
limited efficacy [5], and none of them are significantly more
successful than the others [6]. More innovative surgical
treatments from the past few years, including autologous
chondrocyte implantation and matrix-induced autologous
chondrocyte implantation [7], which require a previous surgery
to obtain the cells, have markedly improved the outcomes of
chondral defect treatments [8] but often, the resulting repairing
tissue is of low performance, and surgery only delays the onset
of degeneration and osteoarthritis [8].

The development of regenerative medicine and tissue
engineering–oriented techniques may contribute to the
knowledge of the field of joint injuries. This, in turn, could lead
to better articular disease treatment techniques and resolve the
clinical problem of healing critical size articular osteochondral
defects [9].

The key elements of tissue engineering are tissue-forming cells,
structural scaffolds, and signaling molecules, the combination
and application of which result in a functional tissue construct
to promote tissue healing and regeneration [10]. Tissue
engineering strategies typically aim to homogenously distribute
biological factors such as cells and growth factors throughout
a biomaterial matrix [11].

Autologous chondrocytes could be an obvious choice for
regeneration of articular cartilage injuries. However, traditional
treatments based on chondrocytes have identified several
drawbacks of such chondrocytes: (1) they have a low rate of
proliferation; (2) although it is easy to isolate them, the number
of obtainable cartilage cells is limited; and (3) there are
implications for morbidity of the donor site. Consequently, the
use of other cell types for different tissue engineering

applications such as stem cells [12] (embryonic, mesenchymal,
cord blood stem cells, obtained from adult tissue, or induced
pluripotent stem cells [13]) are the future for treatment.

Regenerative medicine [14] and tissue engineering [15] are
current approaches aimed to solve these problems. These new
possibilities could drive the paradigm shift from symptomatic
treatment [16] in the 20th century to healing treatment of the
21st century [17,18].

Bioprinting [19], defined as a real-time disposition of structural
biomaterials and live cells to create tissues and organs that
imitate the characteristics of the injured tissue/organ, is moving
forward very quickly, but because the process of obtaining
tissues by using this technique depends on many factors, several
technological needs must be met beforehand.

In an animal study, Di Bella and collaborators [20] used a 3D
printer of a hand in situ. 3D printing, an innovative bioprinting
technology, allowed the surgeon to use tissue engineering
techniques at the time and place of need, using the hand-held
printer Biopen. This instrument, with separate cartridges for
each biomaterial, allows the surgeon to set the different layers
right on the cartilage. Furthermore, it does not require a
computed tomography scan, as the surgeon can use the Biopen
directly where it is needed [21]. No studies in humans have
been published, but according to the authors, it will not take
long for the results to be obtained. As researchers develop
bioprinted grafts, the knowledge of clinician priorities will
facilitate their refinement and implementation.

Implementation research [22] seeks to resolve a wide range of
issues found in the process of clinical application. The goal is
to understand how and why the researchers’ new suggestions
are understood in the clinical sphere and find the best approaches
to develop them [23]. In previous research [24] focusing on
orthopedic surgeons, the information aspect was highlighted.
Therefore, this study will focus on the information received,
with the aim of understanding the surgeons’ process of
decision-making and to identify their expectations regarding
the ideal bioprinted cartilage graft.

Aim
This study aims to understand how orthopedic surgeons make
clinical decisions and to assess their knowledge and opinion on
this topic as well as their needs concerning the bioprinted
cartilage graft.

Two main goals were set: (1) to obtain a better understanding
of the orthopedic surgeons’ decision-making process, and, by
using this knowledge, to understand which factors would drive
surgeons to use the graft on the treatment of cartilage lesions
and (2) to identify surgeons’ expectations regarding the use of
grafts and the key factors to be addressed for surgeons to
consider implantation of such grafts on a patient. Hence, the
overall purpose was to define the ideal scenario and
characteristics of the graft for successful implantation.

Interact J Med Res 2019 | vol. 8 | iss. 2 |e14028 | p.62http://www.i-jmr.org/2019/2/e14028/
(page number not for citation purposes)

Salvador Verges et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


Methods

Contextualization of Research and Ethical Approval
This survey and its questions were defined in the context of
both a previous qualitative study [24] about the barriers and
facilitators in the clinical use of bioprinted cartilage, which had
derived conclusions from semistructured interviews and focus
groups with orthopedic surgeons, and a literature review. Both
these approaches helped identify the most pressing issues, on
which this survey was focused.

Approval was obtained from the Committee of University
Research from a University of Vic - University Central of
Catalonia (registration number 28/2017).

Participants of the study were informed that the survey was
anonymous and notified about the average completion time,
and all information mentioned in the survey was credited to its
source. The results were stored on a university-owned website,
with private access for the authors.

Survey Design
Before the final version of the survey was sent, a trial version
was sent to 17 orthopedic surgeons to ensure that both the
subject and the instructions were understood and to measure
the average time for completion. After the results were obtained,
some changes were introduced in the survey: questions that
asked to rate agreement were scored on 10 possible scores
instead of 5 possible scores, adding more options; the writing
of the questions and answers was edited; and more specific
questions were added.

The final questionnaire, with 25 self-managed questions, allowed
identification of the decision-making patterns of orthopedic
surgeons. The constituent elements of the questionnaire are
configured in five domains: (1) demographic questions, (2)
information and knowledge of 3D printing, (3) knowledge about
the graft’s qualities, (4) knowledge about the expectations for
this new technology, and (5) scientific evidence and clinical
trials.

Sample Population
The Col·legi de Metges de Barcelona (the Medical Association
of Barcelona) has 1081 currently active orthopedic surgeons
registered, including 906 men (83.8%) and 175 women (16.2%).
Of the members, a total of 849 also belong to the Catalan Society
of Orthopedic and Traumatology Surgery (SCCOT), which is
a nonmandatory affiliation. An email was written to all SCCOT
surgeons, asking them to participate in the study, with a survey
link. Of these, 72 emails were returned to the sender (the email
address was wrong), and 777 orthopedic surgeons received the
email.

In Spain, orthopedic surgeons can develop their work in the
public and private sector at the same time. The specialization
in sports orthopedics is not separately regulated. Because the
survey was anonymous, we could not determine how many of
the respondents were from the academic field.

The survey was voluntary, had no incentives, consisted of only
one page, and allowed for review of the answers before sending.

Answers could be easily obtained and homogenized, as they
were in the same order, level, and presentation within all
instances, which reduced the error margin and facilitated data
retrieval.

The response rate was 11% (86/777). The average time to
completion was 15.43 minutes. The survey was kept active until
a sufficient number of answers were collected.

The calculation of the size of the finite sample was obtained
using the Murray and Larry [25] formula. Configured with a
margin of error of 10%, a confidence level of 95%, and a
population of 777, the resulting sample size was 85.57 people.

Statistical Analysis
IBM SPSS Statistics software for Windows, version 21.0 (IBM
Corp, Armonk, New York), was used to analyze the answers
of the survey. The Kolmogorov-Smirnov test was used to
evaluate the homogeneity of the data. A descriptive analysis
with the distribution of frequencies, averages, and SDs was
conducted. A comparative analysis was conducted using the
Kruskal-Wallis test, Mann-Whitney U test, and Chi-squared
distribution. The results have been presented following the
Checklist for Reporting Results of Internet E-Surveys [26].

Results

The results have been categorized into two blocks: the
information that affects the decision-making process of
orthopedic surgeons and the qualities that a graft should ideally
have, to be implanted in patients.

Demographic Data
Participants were first asked about their gender, age, experience,
and type of hospital where they practiced surgery (Table 1).

Hospitals in Spain can be classified as low, medium, or high
complexity depending on the type of technology they use and
the type of medical assistance they offer. Research and teaching
are conducted at medium- and high-complexity hospitals.

Information Linked to the Decision-Making Process
of Surgeons
The main aspect of implementation research is evaluating and
determining the level of information specialists need to acquire
in order to implement the new technology. To obtain a better
understanding of the information orthopedic surgeons depend
upon to make decisions, answers have been classified by type
and origin of the information, relevance, level of acceptance of
new technologies, and how the technology is related to age,
place, and years of experience.

Information Received
Participants were asked if they had received any type of
information related to new medical applications and 3D printing
(Table 2).

Almost 70% of the surveyed participants reported that they have
received information related to new medical applications and
3D printing via any medium. They considered themselves
updated in the medical applications of new technologies as per
their own perception.
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Table 1. Demographic data of the participants (N=86).

Surgeons, n (%)Demographic

Gender

32 (37)Women

54 (63)Men

Age

27 (31)<40 years

14 (16)40-50 years

45 (52)>50 years

Years practicing medicine

33 (38)5-15 years

28 (33)15-30 years

25 (29)>30 years

Performing surgical activity

80 (93)Yes

6 (7)No

Work placement

16 (19)Hospital of low complexity

34 (40)Hospital of medium complexity

36 (42)Hospital of high complexity

Table 2. Information received and new technologies updates.

ValueSource of information

Have you received any kind of information, through any means, about the latest progress on 3D printing? n (%)

60 (70)Yes

26 (30)No

Do you consider yourself up to date regarding new 3D printing technologies emerging in the medical field?

2-10Reported scores (range)

6.88 (1.66)Mean (SD) score

Information Relevance
From the previous question, the relevance of the information
was analyzed. Relevance was determined by the effect
information had in making surgeons feel more and better
informed.

To evaluate the relevance, the source of information was
analyzed. We analyzed whether those who had received
information (by any medium; n=60) considered themselves
better informed than the rest and whether those who had
received information from specialized companies (n=20) had
more knowledge than those who had not received any such
information (Table 3).

Crossing the two variables from the previous Table 3 showed
that participants who received information by any means
considered themselves more knowledgeable (P=.001) than those
who had not received any kind of information. Of the former,

those who had received information from companies who are
developing these technologies perceived their knowledge to be
higher than that of the rest (P=.006). In addition, participants
informed by specialized companies showed higher
self-perceived knowledge (mean 6.95, SD 1.76) than those who
received information via other sources (mean 6.27, SD 1.99).

Regarding the bioprinted cartilage graft specifically, participants
who received information on the medical application of 3D
printing (n=60) and considered themselves informed (mean
6.27, SD 1.99) were asked how specific and from which source
the information they had received on bioprinted cartilage was
(Table 4).

Of the 60 participants who received general information on 3D
printing, only 27 (45%) knew about bioprinted cartilage, and
the information had been acquired from their colleagues (18%)
or the scientific literature (27%).
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Table 3. Level of self-perceived knowledge on 3D printing in relation to the information received (N=86).

P valueZ aMean (SD)Surgeons, n (%)Source of information

.001b–3.225Have you received any kind of information, through any means, about the latest progress on 3D printing?

6.27 (1.99)60 (70)Yes

4.69 (1.73)26 (30)No

.006b–2.746Have you been informed by a specialist company about 3D technology?

6.95 (1.76)20 (23)Yes

5.44 (2)66 (77)No

aMann-Whitney U Test.
bP<.01.

Table 4. Means of learning about bioprinted cartilage among participants who received information on 3D printing (Question: If you have received
any 3D printing information regarding bioprinted cartilage, through which channel was it? N=60).

Surgeons, n (%)Means of learning

11 (18)Through other colleagues

16 (27)I read a lot of new research

2 (3)I read a little new research

30 (50)I have no information about it

1 (2)I’m not interested in it

Level of Acceptance of New Technologies
To determine if there was a relationship between the relevance
of the information received and the acceptance of new
technologies, we analyzed the acceptance level of the bioprinted
cartilage graft among participants who had higher self-perceived
knowledge (20/86) and had received the information from
specialized 3D companies (Table 5).

Regarding the perception or ease of acceptance of the bioprinted
cartilage graft, there was a significant difference between
participants who were informed by specialized companies and
those who were not (P=.02). The more information the
participants had, the higher was the level of acceptance. Of

those who had not received any specific information, no
significant conclusion could be deducted (P=.08).

Relation to Demographic Data
To define if the process of decision-making by orthopedic
surgeons could be linked to their demographic data, three
variables were analyzed: age, years of experience, and place of
experience (Table 6).

Considering self-perceived knowledge, the only difference
identified was in the age of the participants. Participants aged
over 50 years (38/86) considered themselves to be significantly
more informed on new technologies than those of other age
groups (P=.05). No differences were observed regarding the
place and years of experience.

Table 5. Surgeons’ acceptance of the use of bioprinted cartilage grafts for their patients, according to the source of information (Question: If the
researchers/biotech industry could give us a cartilage graft made with bioprinting, would you think about the convenience of using it in your patients?
N=86).

P valueZ aMean (SD)Surgeons, n (%)Source of information

.02b–2.254Have you been informed by a specialized company about 3D technology?

8.40 (1.53)20 (23)Yes

7.53 (1.69)66 (77)No

.75b2.736Have you received information, through any means, about the latest progress on 3D printing?

7.65 (2.38)60 (70)Yes

7.92 (1.41)26 (30)No

aMann-Whitney U test.
bP<.05.
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Table 6. Influence of demographic data of orthopedic surgeons on the knowledge of new technologies (Do you consider yourself up to date regarding
new technologies emerging in the medical field? N=86).

P valueX 2aMean (SD)Surgeons, n (%)Demographic

.05b3.6Age

  6.5 (1.79)28 (33)<40 years 

  7.2 (1.85)20 (23)40-50 years 

  7 (1.45)38 (44)>50 years 

.183.5Years practicing medicine

  6.42 (1.88)33 (38)5-15 years 

  7.14 (1.55)28 (33)15-30 years 

  7.2 (1.38)25 (29)>30 years 

.960.07Work placement

  6.94 (1.48)16 (19)Hospital of low complexity 

  6.91 (1.65)34 (40)Hospital of medium complexity 

  6.83 (1.79)36 (42)Hospital of high complexity 

aKruskal Wallis test.
bP<.05.

Analysis of the Qualities of the Archetypal Bioprinted
Cartilage Graft
The second goal of this study was to identify the qualities of
the ideal cartilage graft for application by the orthopedic
surgeons in relation to patient characteristics, type of lesion,
and perceived difficulties of their use.

Factors Determining the Ideal Graft
The essential characteristics of the bioprinted graft that were
analyzed to identify the suitable age of the patient for the
implantation, ideal size of the lesion, and duration of the graft.
Participants were also asked to choose the most relevant of five
suggested qualities (Table 7).

Regarding the age of the patient, 50% of the participants would
not implant the graft on patients aged over 70 years, whereas
42% of them did not consider age to be a delimitating factor.
Most of them (62%) considered the ideal size of the injury to
be between 1 and 2 cm for implantation of a bioprinted cartilage
graft. However, 27 (31%) of participants would consider such
grafts for lesions over 3 cm. Almost all participants would reject
a graft that lasted less than a year. Moreover, 51 of them (59%)
said they would not recommend the graft to the patient unless
it lasted more than 5 years.

Of the suggested qualities, the two most often selected (78%)
were duration of the graft and patient safety (no side effects to
general health). One less-often selected quality was ease of
implantation, only considered by 50% of the participants.

Perceived Difficulties
The link between the perception in relation to the difficulties
and the type of hospital was examined to determine if perceived
difficulties were related to surgeons’ place of work or whether
it was the individual perception of the orthopedic surgeon (Table
8).

Table 8 shows the number of answers depending on the type of
hospital and the percentage that each subpopulation represents
in relation to the type of hospital.

The main difficulties considered by orthopedics in
low-complexity hospitals were outcome uncertainty (ie, lack
of clinical trials that prove successful outcomes) and
authorization issues by the hospital management. In
medium-complexity hospitals, surgeons shared these worries,
although to a lesser extent. In high-complexity hospitals,
however, the main issue was patient safety, followed by outcome
uncertainty.
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Table 7. Determining factors of the archetype graft (N=86).

Surgeons, n (%)Factor

To what extent do you consider the patient's age to be a limitation in the use of bioprinted cartilage?

36 (42)I do not see any age limitation

7 (8)Under 20 years of age

43 (50)Over 70 years of age

To what extent do you consider the size of the cartilage injury to be a limitation?

6 (7)<1 cm

53 (62)1-2 cm

27 (31)>3 cm

What minimum duration would the implant need to have for you to recommend it to your patients?

6 (7)<1 year

29 (34)1-5 years

51 (59)>5 years

What are the most significant variables that you ask for in a bioprinted cartilage, before deciding to use it on your patients? (multiple
choices possible)

67 (78)Durability in time

67 (78)Safety for the patient

58 (67)Good clinical results

54 (63)Affordable price

55 (64)Reliable evidence

43 (50)Ease of surgical implementation

Table 8. Perceived difficulties with bioprinted cartilage according to place of work (What problems/difficulties do you perceive for its use/work
placement? Multiple choices possible)

Surgeons in hospitals of

high complexityc, n (%)

Surgeons in hospitals of

medium complexityb, n (%)

Surgeons in hospitals of

low complexitya, n (%)

Surgeons, n (%) Difficulty

27 (44)23 (38)11 (18)61 (71)Uncertainty in results

23 (46)16 (32)11 (22)50 (58)Authorization by the hospital

30 (65)16 (35)10 (22)46 (53)Patient safety

17 (45)15 (39)6 (16)38 (44)Hard to handle

16 (43)13 (35)8 (22)37 (43)Waiting time

15 (48)9 (29)7 (23)31 (36)Surgical difficulties

a16 surgeons were from hospitals of low complexity (19% of the 86 participants).
b34 surgeons were from hospitals of medium complexity (40% of the 86 participants).
c36 surgeons were from hospitals of high complexity (42% of the 86 participants).

Relevant Variables To Use
Once the qualities of the graft were defined, their consequences
on the patient’s life were highlighted, from pain reduction to
improvement in the quality of life (everyday life satisfaction).
Participants were also asked about the need for clinical trials.
These data were crossed with the source of information, via any
medium or specialized companies, and with the age of the
surgeon, as it was previously observed that it was the only
relevant demographic variable (Table 9) [23].

No significant differences were observed in terms of the
importance of pain reduction, which was considered by all
participants as a necessary requisite. Surgeons who had received
information via any medium were more pessimistic regarding
the positive effects or positive impact the bioprinted cartilage
graft could have on the patients’ quality of life (P=.03).
Surgeons who had received information via specialized
companies were more optimistic than the rest (P=.03).
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Table 9. Correlation of variables for the use of a bioprinting cartilage, the need for clinical trials, and age of surgeons.

P valueZ aMean (SD)Number of surgeons (%)Variable

To what extent do you consider the alleviation of the patient's pain one of the main characteristics of the new implant?

.66–0.435Have you been informed by a specialized company about 3D technology?

8.9 (9.96)20 (23)Yes

8.44 (1.83)66 (77)No

To what extent do you that this technology could have beneficial effects and/or a positive impact on the quality of life of patients?

.03b2.244Have you received information, through any means, on the latest progress in 3D printing?

7.53 (1.67)60 (70)Yes

8.27 (1.25)26 (30)No

.03b2.237Have you been informed by a specialized company about 3D technology?

8.45 (1.07)20 (23)Yes

7.60 (1.63)66 (77)No

To what extent do you think evidence of clinical trials is needed to be able to implement the bioprinting cartilage in daily clinical use?

.62-0.5Have you received information, through any means, about the latest progress in 3D printing?

8.78 (1.71)60 (70)Yes

8.77 (1.53)26 (30)No

.007c9.825Age

8.65 (1.87)28 (33)<40 years

8.35 (1.18)20 (23)40-50 years

9.16 (1.58)38 (44)>50 years

aMann-Whitney U test.
bP<.05.
cP<.01.

Most of the participants highlighted the need for clinical trials,
irrespective of the source of information. When the need for
clinical trials and the age of the surgeons were crossed, it was
clear (P=.007) that the age group >50 years in surgeons
considered scientific evidence through clinical trials to be most
necessary.

Discussion

Recent Research
There are a few studies published on the perspective of
orthopedic surgeons on the bioprinting cartilage, since it is not
yet on the market, but there is research on 3D printed medical
implants [27]. This study presents an overview of the
characteristics that implants should have as well as surgeons’
knowledge of the decision-making process and their expectations
and requirements, a thorough understanding of which is
necessary to facilitate implementation of the new technology.
This technological adoption requires a proactive role, both from
the point of view of orthopedic surgeons and health policies,
since it will represent a change in the decision-making process
of surgeons and the coverage of health benefits [28].

Recent studies represent a significant advance in the clinical
translation of human cartilage and the appropriate surgical
procedure. The focus of the research is on the biofabrication of

biomaterials that maintain the biocompatibility and
biodegradability of the original cartilage while increasing the
efficiency of cell growth [29]. Mohanraj et al [30] suggested
that the presence of an inflammatory environment is more likely
to jeopardize the in vivo success of repairers of cartilage derived
from mesenchymal stem cells. Using these cells, Yamasaki et
al [31] examined the regeneration of articular cartilage and
subchondral bone in artificial corpses.

Although researchers are moving forward in all fields of
cartilage bioprinting, we have not been able to find working
groups publishing the issues of implementation, and therefore,
knowledge of orthopedic surgeons on this topic is scarce.

In our previous research [24], which identified the barriers and
facilitators for the bioprinted cartilage use and this new
approach, we validated the conclusion that orthopedic surgeons
should receive information of higher quality from reliable
sources, thus enabling the implementation of the bioprinted
cartilage, and that researchers should consider what surgeons
believe the cartilage graft should be like.

Implications and Explanation of the Findings 
The results of this study show that the information received
impacts the decision-making process of orthopedic surgeons in
a complex and diverse way, as it depends on several variables:
the type and origin of the information and its relevance to their
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demographic data. Previous research [24] found that the amount
and quality of the information received was one of the main
barriers for the implementation of new technologies. The sample
analyzed here shows that orthopedic surgeons lack the specific
knowledge of 3D printing as applied to cartilage (Table 4),
where 50% of the survey participants who admit to being
informed in an unspecific way have almost zero knowledge
about it. In contrast, the 20 participants who had been informed
by specialized companies considered themselves both better
informed and more accepting of new technologies.

Therefore, it could be argued that specialized companies should
work closely with orthopedic surgeons to help them acquire
more specialized knowledge [32], as shown in Table 3. Another
interesting fact is that specifically informed surgeons are more
optimistic about the benefits and positive impact of the
bioprinted cartilage graft on the quality of life of patients. The
origin of the information impacts the level of acceptance and
expectations of new technologies, both of which are required
for ensuring a wider and easier implementation [33] and are
key factors in finding a possible solution to osteoarthritis and
improving the life of patients (Table 9). The only variable that
is significantly linked to the level of up-to-date knowledge
among surgeons is their age: Surgeons aged over 50 years
considered themselves better informed. Quite often, the
extrapolation of clinical studies to the real world is obstructed
by the lack of knowledge of a key factor—the people who will
have to implement it.

The second set of goals was to analyze the factors that would
provide the ideal context and qualities of an archetypal
bioprinted cartilage graft as well as factors perceived as
difficulties. The characteristics listed on the survey were size
of the lesion, duration of the graft, and age of the patient (Table
7), although more characteristics could possibly have been
added. The ideal lesion size preferred by most surgeons was
between 1 and 2 cm. A long durability was the most required
quality in a graft, which was at least 5 years by 59% of the
participants. It could be assumed that if the intervention were
proven to be simple and noninvasive, this requisite would not
be as important. Since this information is not available,
orthopedic surgeons expect a long duration for grafts, predicting
possible future reinterventions. The age of the patient presents
some debate, as 50% believe that age over 70 years in patients
is a limitation, whereas 42% do not consider age a factor. This
could be explained by the increased life expectancy of over 70
years in the population. Further research could determine if this
difference is a consequence of uncertainty or if it could change
with time and experience (Table 7). Surprisingly, 43 of the 86
surgeons believed that the ease of implantation of the graft was
not a decisive factor for its use.

For the perceived difficulties in the use of the bioprinted
cartilage graft (Table 8), six options were provided, two of
which—outcome uncertainty and patient safety—were
emphasized by surgeons. Logically, surgeons need positive
results from clinical trials in patients before using this technique.
As the other answer suggested, issues regarding the implantation

and manipulation of the graft were less important, and although
they were mentioned in some cases (as the technique is not
known yet), they were rated well below the other issues. It is
important to highlight this difficulty from the surgeons’
viewpoint: They try to offer solutions to the perceived
difficulties but are not able to visualize the graft. Orthopedic
surgeons are constantly learning and using new surgical
techniques, and they are used to the learning curve. Therefore,
as long as there is clinical evidence of the effectiveness of a
technique, surgical difficulties are not a deterrent, because
surgeons believe they will learn the technique in time.

It was expected that other difficulties linked to practical aspects,
such as the hospital management’s authorization to use the
technique and the wait time for the graft, would be linked to
the type of hospital. Therefore, in medium-complexity hospitals,
authorization is less problematic than either of the two
abovementioned aspects: There is not as much bureaucracy
involved in medium-complexity hospitals as in a
high-complexity hospital, and new technologies are more easily
accepted than they are in smaller hospitals. Finally, the need
for clinical trials is one of the main difficulties for
implementation of the technique (Table 9), as almost all survey
participants required clinical evidence (the average, in every
case, was higher than 8 on a scale of 0-10). A significant finding
was that surgeons who asked for more evidence were aged over
50 years, probably ranked higher in the hospital structure, and
had both greater responsibility and more decision-making power.

Strengths and Limitations
The present study should be interpreted in the context of its
limitations. The initial proposal planned to cover the entirety
of the Spanish territory, through the Spanish Society of
Orthopedic and Traumatology Surgery and the Spanish Society
of the Knee, and English-speaking specialists through the
International Cartilage Research Society, but it was not possible
to receive authorization from these societies to send the survey.
Our coverage of only a small population is a big limitation, as
is the low response rate. In addition, there could be a bias, since
the participants who answered the survey were probably more
interested in the application of new technologies. Finally, the
Chi-squared test might provide inexact results when the values
input are small.

Conclusions, Recommendations, and Future Directions
The process of decision-making is based on precise information
of quality, provided by companies specializing in the medical
application of 3D printing. This variable seems essential to the
acceptance of new technologies. The ideal graft, as described
by surgeons, could provide important insight to researchers, at
least in the initial stages of development, to satisfy the
expectations of surgeons. Implementation research should focus
on two variables: ensuring communication flows from
researchers to surgeons and ensuring that the opinions of
orthopedic surgeons regarding the qualities and issues of the
grafts reach researchers, which would help them implement the
bioprinted cartilage graft with success.
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Abstract

Background: If purposefully designed, patient information can help individuals make well-founded health care decisions. This
study was initiated to improve the information on whiplash injuries found in the national health care portal Healthcare Guide
1177, operated by the Swedish government.

Objective: The objective of this study was to describe the thoughts of patients and relatives on (1) information about whiplash
injuries presented in the portal and (2) the Swedish health care system’s management of whiplash injuries.

Methods: A total of 5 interviews were conducted with patients (n=10) who had experienced a whiplash injury and with relatives
(n=3) of such patients. The interviews were taped, transcribed verbatim, and analyzed by means of conventional content analysis.

Results: The following two themes emerged from the latent content analysis: (1) confidence and trust in the public health care
system and (2) a disappointment with health care encounters.

Conclusions: We found that most of the study participants felt distress due to insufficient information; respondents perceived
a discrepancy between the public health care system's authority and the information provided. The Web information on whiplash
injuries may greatly impact patients' care decisions as well as their physical, mental, and social well-being. We would recommend
detailed patient information on whiplash injuries, with less emphasis on psychology and more data on pathophysiology, prognosis,
and treatment.

(Interact J Med Res 2019;8(2):e9881)   doi:10.2196/ijmr.9881

KEYWORDS

self care; patient participation; health communication; patient portals; patient education handout; patient satisfaction; whiplash
injuries; neck pain; chronic pain

Introduction

Background
Whiplash injury is an umbrella term for a type of trauma
involving a sudden distortion of the neck, or an
acceleration-deceleration injury. The injury mechanism is a
forward and upward movement of the chest or the torso with

great force, which creates a compression of the lower cervical
spine. Simultaneously, there is an unphysiological so-called
double curvature of the neck where the lower segments are in
hyperextension and the upper joints are in flexion. The neck
and head then move into extension, after which the head is
thrown forward. Whiplash trauma is most common in traffic
collisions [1] and also frequently occurs in sports, which
accounts for approximately 10% of all neck injuries [2] (eg, ice
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hockey [3] or other contact sports [4]). The incidence of
whiplash injury is estimated to be 3 out of 1000 inhabitants per
year in Sweden [5], Western Europe, and North America [1].
A whiplash trauma can cause several different injuries.
Symptoms include head and neck pain, radiating symptoms [6],
and a multitude of other symptoms often referred to as
whiplash-associated disorders (WADs). About half of the
patients with WADs have persistent pain and disability [7].
However, there are still conflicting views on etiology and
pathophysiology [8], and so, whiplash injury remains a
controversial subject, ranging from its definition to complex
medical and legal issues [9,10].

Web-Based Patient Information
Patient information is critical to the health care sector. If
purposefully designed, this information can support patients in
making well-founded decisions about their care, thereby
facilitating patient-focused care. In Sweden, patient information
is mainly found at the Healthcare Guide 1177, a national portal
for health care advice and information [11]. The guide’s explicit
aim is to increase access to health care, strengthen the patient’s
role, and improve public health by offering the general public
both in-depth information and access to the health care system.
The content is quality assured in collaboration with experts.
Access to information can be gained via the home page by
clicking the heading entitled Facts & Advice. This loads a Web
page with 40 broader medical areas listed in alphabetical order.
Locating and clicking on Joints, Muscles & Bones will load an
alphabetical list of more detailed conditions where Whiplash
Injury is included. More practically, the same information can
always be accessed by using the portal’s search field found at
the top of the home page. The information analyzed in this study
includes sections for injury mechanisms, symptoms and
diagnosis, and treatment and care (Multimedia Appendix 1),

which are the main headings found in all condition-specific
information at the portal.

It is not unusual for patients to be dissatisfied with the
information they have been given because the information often
fails to consider individual needs in a satisfactory way [12].
Whether patient information works well (ie, provides the
material needed for good patient decision-making) is dependent
on, among other things, inclusion of end users during the design
process (Textbox 1) [13,14].

With highly debated issues like whiplash injuries [9,10], it is
important to involve patients in the design of patient
information, so that their ideas and needs can be incorporated.
This way, the information compiled can be made more relevant
to the target group [15].

Study Aims
By focusing on respondents’ perceptions, this research aims to
describe how patients and relatives perceive (1) information
about whiplash injuries found on the the Swedish national
Web-based portal for health care advice and information
(version 2012-12-07-2016-06-21; Multimedia Appendix 1) and
(2) the public health care system’s management of whiplash
injuries. The goal was to contribute to the improvement of such
patient information.

This study was initiated because of acknowledged shortcomings
in the guide’s information about whiplash injuries—the editor
of the Healthcare Guide 1177 had received several requests
from different parties for a general update of the information
and extended an invitation to the corresponding authors’
research group to provide the suggested update. The information
was updated in collaboration with the corresponding author
(2016-06-22) before this study was published.

Textbox 1. Variables influencing the quality of patient information according to Bunge et al [13]. Patients’ participation is included in the last variable
development process.

• Content of information and meta-information

• Quality of evidence

• Patient-oriented outcome measures

• Presentation of numerical data

• Verbal presentation of risks

• Diagrams, graphics, and charts

• Loss- and gain-framing

• Pictures and drawings

• Patient narratives

• Cultural aspects

• Layout

• Language

• Development process
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Methods

Study Design
With the aim of describing how patients and relatives perceive
Web information about and the health care system’s
management of whiplash injuries, we set out to engage focus
groups [16] for interviews and to assess the resulting data
through qualitative content analysis. Content analysis allows
for the interpretation of underlying meaning(s) by penetrating
the respondents’ choices of phrases and words in relation to
context [17].

Recruitment
Respondents were purposely recruited with one distinct criterion
for inclusion—anyone who was part of the target audience of
the Healthcare Guide 1177. Other inclusion criteria included:
(1) experienced a whiplash injury in the past, or is the relative
of someone with a previous whiplash injury and (2) a
willingness to share experiences and perceptions of the patient
information found on the guide with a researcher. We chose to
engage members of a patient organization with the aim to obtain
rich and relevant data. Patient communities tend to have an
ongoing exchange of experiences, reflection, and knowledge
accumulation. This awareness of relevant issues in the field
made the respondents better prepared to discuss the pros and
cons of the patient information, compared with the average
person or nonengaged individuals [18]. Study participants were
contacted via four Swedish patient-driven organizations
representing the interests of people with neck injuries (the
Swedish Neck Injury Organization; the Rights of Persons With
Neck, Back, and Brain Injuries to Assessment and Diagnosis
After Trauma; the Swedish Association for Survivors of
Accident and Injury; and the Trigger Point Association). The
associations were asked to randomly gather names of patients
and relatives. To a group of about 100 patients and relatives
recruited by the associations, we sent an information letter and
a consent form, through which 52 individuals agreed to
participate by returning the signed consent form. An email
invitation to a focus group interview was sent to 28 individuals
from this group who could be reached by email. Finally, the
respondents were those who were able to attend the interviews,
until we estimated that saturation was reached.

The first interview served as a pilot. Two respondents
participated and the interview was held using the same question
template as in the subsequent interviews. We chose to include
the first interview in our material as it worked well and produced
answers relevant to the study objective. The matters of
importance emerging in the pilot interview remained consistent
in all 5 interviews. Already in the first couple of interviews, the
participants’ perceptions converged on a limited number of
matters, with new participants confirming and adding their own
experiences on already existing matters. This, in our view,
suggests that the number of respondents, however small, was
nevertheless sufficient to produce adequate results.

Study Participants
The 13 study participants, 9 women and 4 men, were aged
between 35 and 74 years, and 10 of them had had a whiplash

injury. Time elapsed since diagnosis varied between 6 to 28
years.

Data Collection
Data were collected in the autumn of 2015 in Stockholm. A
total of 5 interviews were held within a month. Semistructured
interviews were used (key questions and discussion), one of
which took the form of a focus group with several participants.
Three interviews with groups of 2 (patients), 1 (relative), and
7 (patients) participants were held by telephone for geographical
reasons and 2 interviews were held in physical meetings with
1 (patient) and 2 (relatives) participants. The physical meeting
interviews were held at a primary health care center in
Stockholm, Sweden, in a comfortable, simply decorated
conference room. Respondents who came to a physical meeting
interview were offered coffee or tea and sandwiches. There was
no other compensation or reimbursement.

We used a simple question template (Multimedia Appendix 2)
that corresponded to the headings in the existing patient
information at the Healthcare Guide 1177 and asked broadly
about perceptions of information on injury, perceptions of injury,
and perceptions of care. Questions were phrased in a way that
made it possible for the respondent to give his or her view on
many different aspects of the text such as “How did you perceive
the information at 1177.se?” At the start of each interview,
respondents were asked to take about 20 min to reread the text
for better recall. The interviews were 60 to 90 min long and
were taped with a sound recording device. At the end of each
interview, one of the researchers summarized what was
discussed and asked if anything was missed. Each interview
was transcribed and printed.

Three researchers held the interviews (2 present at each
interview), 1 family physician (male), 1 psychotherapist and
medical student (male), and 1 physiotherapist and linguist
(female), the latter with many years of professional experience
in sociolinguistics.

Data Analysis
The interviews were followed by a step-by-step conventional
content analysis, where all meaningful interview text units are
extracted and condensed into codes, after which the codes are
grouped into subthemes defined by Graneheim and Lundman
[19] as “threads of meaning running through the condensed
text.” Finally, the subthemes were abstracted into overall themes.
The psychotherapist and physiotherapist coded all 5 interviews
together, aligning differences in assessment. Latent content was
labeled as subthemes and themes to capture the essence of the
respondents’descriptions [17]. The themes emerged toward the
end of the analysis. The quotes were translated from Swedish
to English by the first author and then reviewed by a native
English proofreader.

Ethical Considerations
This study was conducted in accordance with the Declaration
of Helsinki [20]. Before commencing data collection, ethical
permission was granted by the Ethical Review Board in
Stockholm (2015/1629-31/5). The respondents’ privacy was
guaranteed by confidentiality during the entire study. The patient
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organizations were informed both orally and by email about the
study and its terms and purpose. Each organization provided
the same information to potential participants individually. All
the respondents gave their written consent after being informed
of the study aim, of their rights, and that participation was
voluntary in all aspects. Each interview began only after the
moderator reminded the respondent or respondents of the
recordings.

Results

Overview
The respondents are referred to as R1 to R13 and as she
throughout the text below. No significant differences were found
between patients and relatives as both groups contributed in a
similar way to each of the codes and subthemes.

Overall, 4 subthemes were developed inductively from 11 codes
(13 codes in all). Two main themes, confidence and trust in
health care and disappointment with health care contacts, were
identified from the subthemes (Textbox 2). A total of 3 codes
were excluded from further analysis (Table 1) as they did not
relate to the research question.

Subthemes

1. A Bridgeable Knowledge Gap in Swedish Health Care
Respondents overwhelmingly expressed a general lack of basic
knowledge in health care about causes and mechanisms of
WADs. Neither 1177.se nor health care guidelines offered
adequate facts or recommendations for problem management
in the respondents’ view. As a result, patients and the public
were more ignorant than initially thought, considering the
abundance of knowledge available today. The lack of adequate
management and a diagnosis was evident to several respondents:

From what I know today, my feeling’s that the guide
is lacking in several places....There’s nothing at all
here—how to care for, about what can come from
this type of injury! [R12, 45-year-old relative]

For me...it’s been such a long stretch. In the
beginning...there was like, no process to begin with
to investigate whether I had a neck injury. [R11,
52-year-old patient]

Important facts not conveyed by the health care system were
that even mild force can cause injuries and that being less
physically active right after the accident may be beneficial.
Moreover, one respondent said that listing symptoms in a
primary care consultation did not “ring any bells” and resulted
only in the advice to take a paracetamol.

Some had concluded that there lacked awareness of this group
of patients in the Swedish health care system, since adequate
care existed only outside of it. One respondent described never
being presented with a proper diagnosis, only “late symptoms
after a motor vehicle collision,” which she found hurtful and
signaling a lack of interest in finding where the injury was
located. For another, it had taken a long time just to get the

information that it was a neck injury and years to get it
documented.

According to another respondent, the phrasing of content found
on 1177.se threw suspicion on affected individuals. She had
interpreted the main message of the information on the portal
to be that, after an accident, an injured person may find it
pleasant to remain idle at home, which was improbable in her
view. Overall, several respondents had their symptoms assessed
as being mainly psychological. One respondent suggested that
it may not be plain to the eye as to what was wrong, such as
with a broken leg, and one had contacted a psychiatrist to fend
off the hypothesis from health care professionals that the health
issues faced by her relative were related to mental illness:

And the only one who tried to explain to NN what
causes her to have these different symptoms...was
really Dr NN. Because the others mainly offered
her...well...that she had psychological... [R13,
74-year-old relative]

Conversational therapy was proposed to provide symptom relief.
The respondents reflected that this advice was unhelpful since
talking to someone could not heal an injury:

Instead...they started to talk about...how she should
go to a place for people who were burned out. So now
she would travel tens of kilometres back and forth
every day. And she...“I can feel I’m not burned out,
that’s not the problem”... [R13, 74-year-old relative]

One respondent worried about the consequences of the public’s
view since the picture painted by 1177.se was that whiplash
injuries tended not to be serious.

Several respondents suggested ways to provide symptom relief
or prevention. Suggested strategies for higher quality and safer
care included adequate information, pain medication, nerve
blocks for pain treatment, cervical spine bracing, paid sick leave
for a sufficient period of time, referral to therapists specialized
in treating neck distortion, and help on learning to accept
physical limitations and adjusting activity levels accordingly.

2. Lack of Patient Safety
Respondents found that patient health and well-being could
have been at risk if they had used 1177.se as a guide, either
because of lacking information or a tendency to downplay or
trivialize symptoms and concerns associated with whiplash
injury. Several respondents found that basic information had
been omitted. This would have kept patients and relatives
unprepared and was a burden for them:

It would be a good thing if the Healthcare Guide
could list the many similar problems you get initially,
so you’ll understand that if this happens to you it’s
part of the picture and you’re not the only one. [R2,
57-year-old patient]

I would believe it until I...couldn’t believe it
anymore...and that’s dangerous! [R7, 44-year-old
patient]
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Textbox 2. Main themes crystallized from the interviews.

• Confidence and trust in the health care system

• Disappointment with health care contacts

Table 1. Overview of the content analysis results.

SubthemesCodesaExamples of meaning units

A bridgeable knowledge gap in
the Swedish health care system

There are knowledge gaps“I’ve had a wonderful doctor who’s supported and helped me, and who had a personal
interest in this type of injury, but many people with these injuries get doctors who
don’t care and don’t take these things seriously at all. In my experience, the knowledge
and interest of physicians out at the primary care centres varies and is a bit of a game
of chance.” [R2, 57-year-old patient]

Psychologizing from health
care

“I was given advice from two people who declared me an idiot and...gave me a psy-
chiatric diagnosis on the phone! Because I didn’t have anything broken in my neck!”
[R7, 44-year-old patient]

My experience is questioned“I so reject this argument that I expected to feel worse. What, why would I? I mean,
I expected to feel better for a year. That was always my hope, that “this will get
better, this will get better.”...In the end, you might accept it, but it’s not because of
that that you get chronically ill, that you expected it.” [R3, 48-year-old patient]

Examples of purposeful care
or self-care

“Well, I’ve gone through about all of these treatments. But I think it’s important to
get medication, to reduce the pain. As soon as possible, that is.” [R3, 48-year-old
patient]

Develop adequate guidelines
for investigation!

“It was very hard to get any help. Our daughter sought help at the primary health
care centre. But there was nothing wrong with her. They took X-rays and there was
nothing wrong—that is, according to the doctors. But it turned out, since she’s been
to NN, where we did this upright MRI, she has a lot of injuries. [...] Regular health
care, there’s not a lot of help to get.” [R13, 74-year-old relative]

Lack of patient safetyPatient information is lack-
ing

“It says you should seek care at once if you have a lot of neck pain or headache after
an accident. But I think some people haven’t had a lot of pain in the beginning, but
the symptoms come later on!” [R4, 49-year-old relative]

Downplaying from the
health care system

“Let’s see what else I wrote. Vertigo, here, that vertigo can also be from anxiety. It
doesn’t have to be. There may be injuries. There are actually quite delicate structures
up there.” [R3, 48-year-old patient]

The health care system as an au-
thority

Patient information is suffi-
cient

“How they describe that there are nerve fibres that transmit information...you really
understand that there are things that can be injured. I find that this has improved!”
[R3, 48-year-old patient]

Patient information has an
important role

“The ones who must be informed are relatives and those in the periphery. Personnel
at the social insurance agency, employers, colleagues, neighbours!” [R1, 35-year-
old patient]

Lack of help and supportFeelings of abandonment“And she has been active, as much as she could, given the injuries. So she
didn’t...She’s really pretty tough. She’s been training and has tried to be active. She
has dogs so she’s out a lot in the woods and fields. But the sort of help that you got
at that pain unit...There’s no difference if you’ve got neck pain or shoulder pain or
knee pain. Everyone had to do the same thing. So...they considered her as...like she
wasn’t interested! When she couldn’t manage!” [R13, 74-year-old relative]

Peer support is valuable“These...interest groups, there’s really an immense amount of knowledge there.”
[R3, 48-year-old patient]

aThree codes were excluded from the analysis as they did not relate to the research question: how I/my relative was injured, my/my relative’s symptoms,
and my economy.

All respondents felt negative effects to the neck from a whiplash
injury were downplayed in the patient information or by the
health care system. The message in the patient information was
that nearly everyone recovered, which did not correlate with
the reality that many patients suffer from chronic symptoms.
Health care contacts had said no injury could occur from a
whiplash accident, although many experienced this. One
respondent interpreted this to mean that health care personnel

had no desire to investigate what was really wrong. Another
respondent saw risk in the message to be physically active as
soon as possible, as this may aggravate symptoms:

I’m thinking if there would be a ligament tear, this
would need some rest to get a chance to heal. [R10,
52-year-old patient]
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The view was that there was a lack of expert knowledge and
seriousness in the information available to patients, which meant
people may seek care outside the public health care system.
When to seek care after a whiplash injury was discussed. The
patient information advised that if the symptoms did not
decrease, or if there was substantial neck pain, to consider seeing
a physician. Otherwise, patients were instructed to wait 2 weeks.
This, it was pointed out, could create insurance difficulties for
the individual because insurance agencies require that an injury
be addressed within a few days or 72 hours. Respondents felt
the patient information should advise a professional medical
assessment at the slightest suspicion of injury.

3. The Health Care System as an Authority
Several respondents shared views of medical and health care in
terms of competence and reliability. The Healthcare Guide could
be relied on; therefore, it was an important tool for obtaining
information. One respondent allegorically described the
significance of the Healthcare Guide as a bible. If someone’s
child was sick, she said, there are always things you need to
look up and then you turn to 1177.se. Also, the respondents felt
Web-based patient information had an important role as an
educational forum for the public. This was said to be even more
important than informing patients and their families as it
contributed to a general awareness in society. Several found
positive aspects to the content of the patient information (eg,
the possible symptoms of a neck distortion were well described).
They found the version evaluated in the study to be better than
previous ones and more comprehensive:

I rely on the Healthcare Guide as an instrument, so
it’s actually quite important... [R1, 35-year-old
patient]

Had I gotten injured now today, and had turned to
reading 1177, I’d have told myself...“this is going to
be OK. I’m going to get well and I don’t have to dig
into this. I don’t have to seek healthcare. This’ll
pass!” [R7, 44-year-old patient]

The respondents implied a trust in the public health care system
and seemed to lack a critical view on the adequateness of
instructions. For example, one respondent was treated in 20
sessions with no sign of improvement; however, she continued
another 10 or 15 sessions. Later, she learned one might respond
to some treatments and not others. Another respondent had felt
pressured by the health care system to work more than her health
allowed. Though it had felt wrong and better to care for her
body, she granted the health care system an expert role. In this
context, advice was followed regardless of outcome; the health
care system seemed to hold an absolute mandate for assessment:

I was given the advice not to wear a cervical
collar—and really I thought it was so stupid. I, like,
walked around and—aaaah—instead of maybe being
able to hold it together for a while. [R3, 48-year-old
patient]

Live life as normal, I was told. And you do follow
what the doctor and the physiotherapist say to the
dot. [R10, 52-year-old patient]

4. Lack of Help and Support
Several respondents perceived a lack of support from health
care contacts. One respondent described feeling exposed and
terribly alone following the accident; another respondent
reported that next to no one had acknowledged that deteriorating
mechanical properties could be a consequence of a neck sprain:

Um, and a lot of things like that, that makes me react
when I see the text, a lot of glossing over saying it’s
psychological, that the problems you have are
psychological. [R3, 48-year-old patient]

Yes, it’s called FMRI. I’ve had 2 independent
assessments showing the exact same thing. But this
wasn’t really taken seriously by the doctor and so on.
It’s said it’s not scientific! [R8, 68-year-old patient]

Moreover, it was said that 1177.se addressed individuals with
other types of discomfort. Chronic problems were mentioned,
but the text left one respondent with the impression that the
intended target group did not include people in her situation.
Help and support from peers rather than professional carers was
described by several to have been helpful and empowering.
Explanation and advice from peers helped respondents get
oriented in the health care system, learn about treatment or know
what questions to raise. All respondents described a struggle to
find effective treatment and a more manageable situation for
themselves or their relatives.

You can do stuff only you get so sensitive to strain, if
you don’t have any recuperation time. This is the most
misunderstood of all things. Namely that...not that
you can’t walk, can’t lift, can’t laugh or whatever it
might be. You can do everything. Only you’re so
sensitive to strain. [R6, 53-year-old patient]

So she was admitted to hospital. And no one wanted
to look into it. She was hidden at a medicine ward.
The kidney unit! Where all sorts of doctors were
consulted. But no one wanted to deal with it.
Instead...We chose ourselves or we decided together.
That there won’t be any care. It’ll only get worse,
and...And then I took her home in the same state as
when she came in. She rode an ambulance back in
full cramps again. [R12, 45-year-old relative]

Themes
Two main themes crystallized from the interviews, confidence
and trust in the health care system and disappointment with
health care contacts (Textbox 2). The main themes characterize
the conflicting views on the patient information; the
respondents’needs and expectations and their experiences were
in poor agreement with what the health care system had offered
and the context of whiplash injuries described at 1177.se. In
several cases, respondents found the facts (eg, about the type
and severity of the condition) presented by the health care
system to be misleading.

1. Confidence and Trust in the Health Care System
The examples of cognition and behavior from the respondents
revealed the long-term confidence and trust that characterized
their relationship with the health care system. The respondents
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indicated an active participation in their care and no fear after
the accident that they may be misled by the carer. They had felt
secure and put themselves in the hands of the carer or health
care as an institution, as one does in a trustful relationship.
Important components of trust in a health care consultation are
expectation and beliefs about the context, attributes of
professionals, and the asymmetry of power between the carer
and patient even if the relationship is voluntary.

All respondents, following the accident, acknowledged the
health care system’s responsibility in providing
recommendations. The patient information was seen as valid.
Many facts had been excluded or omitted, which became clear
later as respondents gradually gathered knowledge of the subject.
They had not questioned the initial view of the situation, but
felt surprised, perplexed, or misled when faced with the
discrepancies between the briefing from health care encounters
and the result of their rehabilitation. This was most likely a
consequence of the general high regard for and trust in the
competence of the health care system. In parallel, the
recommendations available on 1177.se as to when one should
seek care were vague, according to several people, and this
instigated concern. It risked leaving to the patient or relative to
decide what management action to take. It would have had
negative consequences for the individual who sought advice if
this advice had been acted upon. These opinions can be
interpreted as requests for the health care system to assume
greater responsibility, when phrasing definitions and in
decision-making. It follows that respondents see the health care
system as an agent qualified to set standards in the field. It also
indicated that the role of the health care system strongly
influenced the individual’s decisions:

There’s a risk among those who are injured, they
remain at home waiting for 2 weeks...because it says
so on the Healthcare Guide. [R2, 57-year-old patient]

2. Disappointment With Health Care Contacts
Respondents reported that their care had been inadequate in
several ways and that very little or nothing had been done by
the health care system to address it. Care management was
below the standards they had expected, so they were
disappointed—in the patient information description of whiplash
as a minor injury, in their meetings with health care personnel,
and in treatment outcomes. They felt let down in their situations
and by the health care system. Given the seriousness of their
problems, the likelihood that these individuals had set up too
narrow parameters of an acceptable outcome was small. Most
likely, they would have been content with partly helpful
management; however, they had been deeply disappointed.

Several respondents described poor or inadequate management
by the health care system compared to the management of other
conditions. These descriptions ranged from risk-filled advice
at 1177.se to wait and not obtain a medical assessment
immediately following the accident to a lack of further
investigation or referral to a more knowledgeable professional.
The time span reflected this in several cases: sometimes many
years passed until symptoms were traced to a neck injury or it
was documented by the health care system:

Neurologists know surprisingly little. They have no
interest in trying to solve the puzzle of what it’s all
about. Orthopaedists have no interest either. It’s as
if neck injuries didn’t exist in this country. That’s my
experience. [R12, 45-year-old relative]

It has taken me 15 to 20 years...I did not receive this
information, not from the Healthcare Guide nor the
Swedish healthcare. [R2, 57-year-old patient]

We found that respondents perceived a breach of contract on
the part of the health care system. First, they felt that the health
care system had unloaded the responsibility of early
management following a whiplash accident to the patient or
relative. Second, health care had frequently failed to provide a
basic level of help that is expected from a carer, summed in the
often-cited Hippocratic oath to console always, relieve often,
and cure occasionally. Instead, patients’and relatives’problems
were ignored or bandied back at them:

No one here in Sweden ever acknowledged or cared
for that. [R6, 53-year-old relative]

Discussion

Principal Findings
The following 4 subthemes arose from the data: a bridgeable
knowledge gap in the Swedish health care system, lack of patient
safety, the health care system as an authority, and lack of help
and support. A total of 2 main themes were identified that were
significant for the respondents’ perceptions: confidence and
trust in the health care system and disappointment with health
care contacts. The themes revealed a gap between respondents’
needs and expectations and what the health care system had
offered.

Comparison With Previous Work
The majority of respondents reported that the type and severity
of whiplash-associated disorders is trivialized at 1177.se.
Respondents’ negative perceptions are fueled, for example, by
the general psychologizing of discomfort. Although this is
essentially a consequence of knowledge gaps and the omission
of relevant facts in the information made available to patients
via the health care portal, we suggest that the simplified
presentation may have relevance. Linguistically, text can build
group identity in the way content is selected and presented and
the group is addressed and consequently handled. A
communication strategy may make one group invisible by not
mentioning it or refer certain behavior and values to another
[21], as when respondents felt they were considered idle by the
health care system. A possible influential factor may have been
the Healthcare Guide’s editorial choices for a superficial
structure (eg, syntax and word choice). Swedish county councils
strive continually to write plainly [22], tailoring language for
recipients, with the aim to support patients’ equal rights to
participate in their own care. Patient information is
recommended to suit the reading skills of 12-year-olds
[13,23,24]. Such negative spillover from oversimplified
presentation could be lessened by including in the patient
information that the text is limited, general, and not for everyone
(Textbox 3).
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Textbox 3. Insights gained from the process of performing and analyzing the interviews and recommendations for those involved in designing patient
information.

• Use comprehensive and detailed information, as this can be very helpful in a serious health situation

• Include a statement that the text is limited, general, and not for everyone to avoid an element of exclusion of some readers or the impression that
matters discussed are trivialized

• Include the target group(s) in the process of designing information to make the content relevant to readers

In this study, the perceived rejection from the side of the health
care system caused great distress, as manifested in the
respondents’ comments. When seeking help, the individual
always exposes themself and their vulnerabilities to some extent
to the carer or to the health care system. This demonstration of
trust is most often accompanied by the expectation that others
will respond to this openness in a responsible way. This has
been described by Logstrup [25] as an ethical demand, which
can be met or refused. For example, respondents clearly want
more facts or all the available medical facts, especially of
mechanisms behind the symptoms. The perceived lack of
information caused misconception and worry. It is relevant to
highlight earlier research focused on carer-patient
communication for chronic conditions, where attempting to
meet the patient in patient information has been discussed in
terms of honesty. For example, among patients with cancer,
honesty from carers is seen as helpful in making a serious health
situation more real [26]. In another study on information for
patients with cancer, the authors found that detailed information
about a bad cancer prognosis does not cause more distress or
diminish quality of life [27]. This indicates that even information
conveying serious health issues can, in a complete and clear
presentation of known facts, be helpful to the patient or relative.
However, patient satisfaction with Web-based information in
computer-based environments is, as of yet, not extensively
researched. Brown et al [28] found that the overall desired
elements of an electronic communication portal were frequent
updates and detailed medical information rather than a
presentation of the big picture. This was among American
current and potential intensive care unit (ICU) patients and their
family members. Rather than designing patient information by
outlining matters of concern, the results in this study support
the recommendation to use information-rich texts.

Brown et al [28] also found that preferences varied significantly
by age, sex, ethnicity, and previous experience with ICU
hospitalization. As for the management of chronic disease,
Kruse et al [29] explored in a systematic review the shared
characteristics of portals that receive favorable responses from
patients and providers and elements that patients and providers
believe need improvement. The authors concluded that there
are varied attitudes among patients and caregivers toward the
use of patient portals. The most prevalent positive attribute was
found to be carer-patient communication, and the most prevalent
negative perceptions were security and user-friendliness. Our
results were homogeneous with regard to what patients
expressed versus what relatives expressed. This must, however,
be interpreted with care, as earlier research has found differences
in patients’ and family members’ information needs [30].

Patient organizations are found by respondents to be valuable
alternative sources of information. It is well known that
copatients who have the same health issues can have a positive
influence on patient empowerment, by providing skills,
knowledge, and self-awareness [31]. Copatient narratives have
also been shown to affect patient decisions on treatment [13],
which can be beneficial or counterproductive to the patient.
Both perspectives indicate a need to include the patient
collective in a professional context if health care is to gain from
peer support in treatment outcomes.

Limitations
All the individuals participating in the interviews are members
of a patient organization, and it may be that nonmembers with
a whiplash injury in the past and their relatives face problems
and challenges that members do not. In addition, 2 of the
respondents worked in health care, which means that they can
describe the patient or relative perspective with a greater
understanding of the health care system. This may negatively
impact the transferability of results. Finally, our study addresses
the Swedish public health care context. However, though the
results cannot be generalized to everyone experiencing whiplash,
they can be of use in developing patient information, given the
similarity of responses. There are frequently appearing common
denominators. Another limitation is the difference in the number
of participants between sessions. Group interaction is likely to
have been more pronounced in the interview with 7 respondents
than in the others. However, apart from the number of
respondents, the interview format was the same and the nature
of data collected did not differ across interviews.

Strengths of this work include the close relationship between
participants’ descriptions that strengthens data credibility, the
diversity of perspectives among the researchers, and coding
results from consensus, which improves distinctness and
subsequently the quality of the analysis.

Conclusions
We found that most of the study participants felt distress due
to insufficient information; respondents perceived a discrepancy
between the public health care system's authority and the
information provided. The Web information on whiplash injuries
may greatly impact patients' care decisions as well as their
physical, mental, and social well-being. We would recommend
detailed patient information on whiplash injuries, with less
emphasis on psychology and more data on pathophysiology,
prognosis, and treatment.
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Abstract

Background: Nonadherence to HIV medications is a serious unsolved problem and is a major cause of morbidity and mortality
in the HIV-positive population. Although treatment efficacy is high if compliance is greater than 90%, about 40% of people with
HIV do not meet this threshold.

Objective: This study aimed to test a novel approach to improve medication adherence by using a low-cost virtual reality (VR)
experience to educate people with HIV about their illness. We hypothesized that people with HIV would be more likely to be
compliant with the treatment following the 7-minute experience and, therefore, should have decreasing viral load (VL), increasing

cluster of differentiation 4+ (CD4+) cell counts, and improved self-reported adherence.

Methods: We showed the VR experience to 107 participants with HIV at a county hospital in Los Angeles, California. Participants
were asked to self-report how often they take their medications on a Likert-scale. The self-reported question (SRQ) was given

before and at least 2 weeks after the VR experience. We also compared VL and CD4+ cell counts before and on average 101 days

after the experience. VL and CD4+ were obtained per the clinic’s standard care protocol. Two-tailed paired t tests were performed

on the initial and follow-up SRQ scores, VL, and CD4+. We restricted the CD4+ analysis to participants who had a pre-CD4+

below normal (defined as 500 cells/mm3). To reduce the possibility that VL were trending down and CD4+ were trending up

regardless of the VR experience, 2 serial VL and CD4+ obtained before the experience were also compared and analyzed.
Immediately following the VR experience, participants were given a 4-question Likert-type postexperience questionnaire (PEQ)
that assessed their opinions about the experience.

Results: SRQ scores improved from pre to post experience with high significance (P<.001). VL decreased from pre to post
experience by 0.38 log10 copies/mL (95% CI 0.06-0.70; P=.02). In contrast, the 2 serial VL obtained before the experience showed

no statistically significant changes. There was also a statistically significant increase in CD4+ (95% CI –3.4 to –54.3 cells/mm3;
P=.03). Analysis of the PEQ revealed that VR was comfortable for almost all of the participants and that most participants believed
the experience to be educational and that it would improve their medication adherence.

Conclusions: The findings suggest that the low-cost VR experience caused an increased rate of antiretroviral therapy adherence

that resulted in a decrease of VL and an increase of CD4+. Further studies are required to explore the duration of this effect and
whether these results are generalizable to other treatment settings and populations.

(Interact J Med Res 2019;8(2):e13698)   doi:10.2196/13698
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Introduction

Background
HIV is a serious medical illness with significant morbidity and
mortality. Advances in treatment have continued to progress
with improved regimens both in terms of efficacy and
tolerability and in terms of convenience in the form of
combination medications in a once- or twice-daily pill known
as highly active antiretroviral therapy (HAART). Adherence to
HAART has been shown to be correlated with survival [1,2]
and quality of life [3]. Primarily because of HAART, HIV is
now widely regarded as a chronic and manageable infection
[4]. Treatment efficacy, defined as a decrease in viral load (VL),
is highly correlated with an almost perfect adherence rate to
HAART of at least 90 to 95% [5,6]. However, about 40% of
HIV-positive patients have adherence rates to HAART below
90% [7,8].

Several factors have been identified that correlate to poor
medication adherence including homelessness [9-11], comorbid
mental illness [12,13], and active substance use [14,15]. In
addition, health literacy has been shown to be an independent
predictor for HAART adherence [16,17]. A survey of Medicare
patients revealed that 34% of English-speaking and 54% of
Spanish-speaking respondents had inadequate or marginal health
literacy [18]. Compounding to this challenge, a study found that
although physicians frequently believe that they are using
nontechnical terms when communicating with their patients,
they actually used nontechnical language in only 12% of
encounters [19]. Moreover, a study of audiotaped encounters
between patients and physicians revealed that there was a
discussion about the patient’s degree of understanding in only
2% of the encounters [20]. These data suggest that changes to
how patients are educated about their illness may be needed to
optimize medication adherence rates.

Virtual reality (VR) has recently emerged as an effective tool
in several branches of medicine [21-26]. Recent advances in
VR head-mounted displays (HMDs) have made their use
increasingly comfortable, affordable, and immersive [27]. VR
radically differs from most other media because it can create a
level of immersion that produces a feeling of presence—a “sense
of being there” [28]. Due to this distinct experiential quality,
VR can augment learning with an immersive experience. In
addition, VR has been shown to improve learning outcome gains
[29-31], and, compared with educational videos, VR has been
shown to increase engagement, positive emotions, and
remembering of the presented information [32,33]. In fact, an
increasing number of classrooms are utilizing VR technology
to provide unique and effective educational experiences for their
students [34,35].

Objectives
In light of this trend, the aim of this study was to investigate
the effects of an educational VR experience on HAART
adherence in people with HIV. Specifically, people with HIV
were enrolled at a county clinic to undergo an interactive VR
experience that educates them about the importance of HAART
adherence. The participants were asked to self-report how often
they take their HAART medications on a Likert-scale. To verify

the self-reported compliance, pre- and post- HIV VL and CD4+

cell counts were obtained from the participants’ digital chart.
In addition, second pre- VL and CD4+ were obtained to detect
any trends before the VR experience. Participants also completed
a post experience questionnaire (PEQ; Multimedia Appendix
1) that assessed their immediate reaction to the VR experience
with regard to its novelty, comfort, educational value, and
perceived effectiveness.

Methods

Participants
From February to September 2018, 107 HIV-infected
participants were recruited from Olive View-University of
California, Los Angeles (UCLA) Medical Center’s HIV clinic
in Los Angeles, California. To enroll, participants had to be
diagnosed with HIV, be on HAART, be at least 18 years of age,
be fluent in English or Spanish, and have no major uncorrectable
problems with vision or hearing. There were no selection criteria

for initial VL, CD4+, or HAART regimen. Participants were
continuously recruited from the clinic until the study’s
predetermined time for access to the clinic elapsed. The
institutional review board at Olive View-UCLA Medical Center
approved the study. Each participant signed a written informed
consent. There were no financial incentives for enrolling in the
study.

Interventions
A 7-minute interactive 3-dimensional educational VR experience
was created that illustrates a simplified version of the
mechanisms of immune cells, HIV, and antiretroviral
medications. We used a Dell Windows Mixed Reality HMD.
Research assistants helped place the HMD on the participants’
head and adjusted it for optimal clarity and comfort. Participants
required no training before the VR experience. The English and
Spanish versions of the VR experience had different narrators
but otherwise all participants had the same VR experience.

The narrator begins by introducing a virtual person with HIV
named Dave and explaining that Dave is made up of cells. A
magnifying glass moves to show Dave’s skin cells (Multimedia
Appendix 2). The experience then virtually transports the
participant into one of Dave’s arteries. Red blood cells can be
seen traveling through the artery when a single rod-shaped
bacterium swims nearby (Multimedia Appendix 3). For dramatic
visual effect, the bacterium is seen releasing green particles
representing poison into the artery. Intense music ensues when
a white blood cell (WBC) chases the bacterium, which it
eventually engulfs (Multimedia Appendix 4). A single HIV then
enters the scene, gets inserted into the WBC, and makes many
copies of itself until the WBC bursts (Multimedia Appendix 5).
With no WBCs around, many bacteria swim freely and release
the green poisonous particles. The artery gradually turns green,
signifying that Dave is sick (Multimedia Appendix 6). The scene
resets and the narrator says, “Let’s see what happens when Dave
remembers to take his medications.” Hopeful music plays and
the narrator encourages the participant to press a button to
release “a dose of life-saving medication.” When the participant
presses the button, medication in the form of gold particles

Interact J Med Res 2019 | vol. 8 | iss. 2 |e13698 | p.85http://www.i-jmr.org/2019/2/e13698/
(page number not for citation purposes)

Liran et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


enters the artery and creates a shield around the WBC
(Multimedia Appendix 7). HIV again tries to attack the WBC
but gets repulsed by the shield. The participant is asked to press
the button several more times to give more medication as more
HIV attempt to attack the WBC (Multimedia Appendix 8). In
conclusion, the narrator explains that although Dave feels fine,
he is required to continue taking his medications to keep the
shield active.

Data Collection
Participants were asked to self-report how often they take their
medications on a Likert-scale. This SRQ was asked just before
the VR experience and again at least 2 weeks post experience.
The initial SRQ was asked in a face-to-face interview, while
the follow-up was asked either by phone or with another
face-to-face interview. Immediately following the experience,
a PEQ was administered.

VL and CD4+ cell counts were drawn as per standard clinic
protocol. Both the treating physician who ordered the labs and
the laboratory were blinded as to which patients were enrolled

in the study. Post-, pre-, and second pre-VL/CD4+ were recorded
from the participants’ digital chart. Given that blood
concentrations of HIV ribonucleic acid are expected to decrease
rapidly in the first 2 weeks after HAART initiation [36,37],

post-VL/CD4+ were defined as the first labs that were obtained

at least 14 days post experience, whereas pre-VL/CD4+ were
defined as the most recent labs that were obtained before or on

the same day as the experience. Finally, second pre-VL/CD4+

were defined as the most recent labs that were obtained before

the pre-VL/CD4+. All identifying information was removed to
protect the privacy of the participants. Demographic data
obtained from each participant were age, gender, and primary
spoken language.

Data Analysis
All analyses were performed by use of IBM SPSS software,
version 22. The raw VL were converted to a logarithmic scale
because of the large variance in the data. Spearman correlation
was performed on the initial SRQ scores and pre-VL. A 2-tailed
paired t test analysis was performed to compare the initial and
follow-up SRQ scores. A 2-tailed paired t test was also

performed to compare pre- to post-VL, and pre- to post-CD4+.
To assess for the possibility that the VL were decreasing even
before the VR experience, a 2-tailed paired t test was performed

on the second pre-VL and pre-VL. For the CD4+ analysis, only

participants who had below normal pre-CD4+ (defined as 500

cells/mm3) were included. Participants who did not have pre-VL,
second pre-VL, or post-VL were excluded from this analysis.
Finally, the PEQ was correlated with age using Spearman
correlation.

Results

Descriptive statistics were computed and compiled in Table 1.
There were no significant gender- or age-related differences in
terms of SRQ scores or VL. Out of 107 participants, 28 were

excluded because 11 did not have a second pre-VL and 17 did
not have a post-VL recorded by the time data collection has
concluded. There were no demographic differences between
the 28 excluded participants and the remaining 79 participants.

Out of the 79 participants, 4 did not complete the initial SRQ
correctly and therefore were excluded from SRQ statistics. Of
the remaining 75 participants, 69% (52/75) were identified as
high adherers (score 5/5 on Likert-scale), 15% (11/75) as
medium adherers (score 4), and 16% (12/75) as low adherers
(score <4). A total of 8 participants did not complete the
follow-up SRQ because they were both unreachable by phone
and were unavailable for follow-up face-to-face interviews. Out
of 67 participants who completed the follow-up SRQ, 90%
(60/67) were identified as high adherers, 6% (4/67) as medium
adherers, and 4% (3/67) as low adherers. The initial SRQ scores
were shown to be correlated with pre-VL (n=75, rs=0.316;
P=.006). Likewise, the follow-up SRQ scores were shown to
be correlated with post-VL (n=65, rs=0.549; P<.001). SRQ
scores improved very significantly (95% CI .24-.70, P<.001)
from pre to post VR experience. Table 2 summarizes
participants’ transitions from pre to post SRQ. There were not
enough data to analyze statistical differences between the 2
modalities used to collect the SRQ (face-to-face and phone
interviews); however, other studies suggest that they should be
highly correlated [38-40].

Comparison of pre-VL to post-VL showed an average decrease
of 0.38 log10 copies/mL (95% CI 0.06-0.70; P=.02). On the
other hand, analysis of second pre-VL and pre-VL showed no
statistically significant changes (95% CI –0.40 to 0.24; P=.62;
Figure 1). The difference between these 2 measurements was
highly significant (P=.01). The medians for second pre-, pre-,
and post-VL were all 0.

When taken as a whole, there was no statistically significant

difference in pre- to post-CD4+. However, when only

participants who had a pre-CD4+ below normal (defined as 500

cells/mm3) were included in the analysis, there was a statistically

significant increase from pre- to post-CD4+ (95% CI –54.3 to

–3.4; P=.03). Conversely, there was no significant CD4+ count

difference between second-pre and pre-CD4+ (95% CI –56.2
to 42.6; P=.78). The medians for second pre-, pre-, and

post-CD4+ were 285, 301, and 323, respectively.

On average, the pre-VL were drawn 60 days (SD=74) before
the VR experience. A total of 10 participants had their pre-VL
drawn on the day of the VR experience, thereby accounting for
this non-normal distribution. The post-VL were drawn on
average 101 days (SD=62) after the VR experience. The average
interval from second pre-VL to pre-VL was 141 days (SD=90).

None of the questions on the PEQ were significantly correlated
with age. None of the participants reported that the VR
experience was uncomfortable. Only 2 participants disagreed
that they learned something new about their immune system,
HIV, or their medications. Finally, 100 participants (94%)
agreed or strongly agreed that they are more likely to take their
medications because of the VR experience (Table 3).
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Table 1. Demographic characteristics of the overall sample and the analyzed group. There were no statistically significant group differences in gender,
age, or language.

Analyzed group (n=79), n (%)Overall sample (N=107), n (%)Demographics

Gender

59 (75)83 (77.6)Male

20 (25)24 (22.4)Female

Age (years)

25 (32)31 (29.0)18-39

21 (27)29 (27.1)40-49

26 (33)34 (31.8)50-59

7 (9)13 (12.1)60+

Language

74 (94)100 (93.5)English

5 (6)7 (6.5)Spanish

Table 2. Number of patients transitioning from low, medium, or high adherence groups in the pre self-reported question (SRQ) to the post SRQ (n=67).
High adherence was defined as SRQ score 5/5; medium adherence was defined as SRQ score 4; low adherence was defined as SRQ score <4.

Total, n (%)Post high, n (%)Post medium, n (%)Post low, n (%)Self-Reported Questionnaire adherence score

12 (18)8 (12)1 (1)3 (4)Pre low

9 (13)6 (9)3 (4)0 (0)Pre medium

46 (69)46 (69)0 (0)0 (0)Pre high

67 (100)60 (90)4 (6)3 (4)Total

Figure 1. The change log10(VL) from before to after the virtual reality experience was significant (green, P=.02). On the other hand, the change from
the 2 viral loads prior to the experience was nonsignificant (orange, P=.62). The difference between the 2 measurements is highly significant (P=.01).
VL: viral loads.
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Table 3. Responses to the Postexperience Questionnaire (PEQ). Question 1: Virtual Reality is a new experience for me; Question 2: The experience
was comfortable; Question 3: I learned something new about my immune system; Question 4: I am now more likely to take my HIV medications.
N=106.

Question 4, n (%)Question 3, n (%)Question 2, n (%)Question 1, n (%)Post-Experience Questionnaire

100 (94)92 (87)105 (99)91 (86)Agree or strongly agree

6 (6)14 (13)1 (1)15 (14)Strongly disagree, disagree, or neutral

Discussion

Principal Findings
When taken together, several points of evidence strongly suggest
that participants indeed were more compliant with their HAART
medications because of the VR experience: (1) the SRQ scores
were correlated with VL, (2) the SRQ scores improved from
pre to post experience, (3) the VL decreased from pre to post
experience but not from serial VL obtained before the

experience, (4) the CD4+ cell counts improved from pre to post
experience but not from serial counts obtains before the
experience, and (5) almost all participants (94%) answered on
the PEQ that they are more likely to take their medications
because of the VR experience.

Limitations
Although these preliminary results are promising, a number of
limitations need to be addressed. First, the study did not
randomize participants and no controls were used. Future studies
should ideally use a placebo-controlled design. Second, the
study was conducted only at a county clinic and therefore may
not necessarily be generalizable to other settings or populations.

Third, the VL and CD4+ counts were obtained as per the clinic’s
standard of care. A superior study would control the timing of
the blood draws to more thoroughly account for extraneous
variables in the data. Fourth, the duration for which increased

HAART adherence is maintained is unclear. A longitudinal
study with more participants would allow for more robust
statistical analyses. It would also be worth testing whether
repeating the experience every few months can maintain
improved compliance over time. Finally, collecting further
demographic data on, for example, health literacy, homelessness,
substance use, and comorbid mental illness could yield
interesting correlations that may help advise which
subpopulations would be most likely to benefit from the VR
experience.

Conclusions
This study suggests that patient education using VR is effective
for increasing HAART adherence. If the results are confirmed,
VR’s effectiveness and relative low cost offers a great
opportunity for clinics to implement a simple solution that may
improve both the morbidity and mortality of their patients.
Future studies should attempt to generalize the results to other
settings, populations, and illnesses—especially those in which
patients feel healthy and may not feel the need for taking their
medications as scheduled. Compared with other traditional
media platforms such as videos, VR is more immersive and
thus has a greater positive emotional impact, which can improve
engagement and learning. VR is rapidly becoming more
accessible, affordable, and immersive, and more studies are
needed to further explore opportunities for using this maturing
technology for improving peoples’ lives.
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Postexperience questionnaire.
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Multimedia Appendix 2
Dave’s skin is made up of cells.
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Multimedia Appendix 3
A bacterium swims inside an artery.
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Multimedia Appendix 4
A white blood cell engulfs the poison-producing bacterium.

[PDF File (Adobe PDF File), 1MB - ijmr_v8i2e13698_app4.pdf ]

Multimedia Appendix 5
HIV enters the white blood cell, makes copies of itself, and causes the cell to explode.
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Multimedia Appendix 6
Without the white blood cells, bacteria can produce poison without deterrence.

[PDF File (Adobe PDF File), 1MB - ijmr_v8i2e13698_app6.pdf ]

Multimedia Appendix 7
The medication produces a shield around the white blood cell.

[PDF File (Adobe PDF File), 1MB - ijmr_v8i2e13698_app7.pdf ]

Multimedia Appendix 8
HIV cannot penetrate the medicated white blood cell.

[PDF File (Adobe PDF File), 1MB - ijmr_v8i2e13698_app8.pdf ]
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Abstract

Background: Seeking and sharing information are the primary uses of the internet and social media. It is therefore vital to
understand the processes individuals go through when engaging with information on these diverse platforms, especially in areas
such as health- and risk-related information. One important element of such engagement is evaluating and attributing expertise
to others.

Objective: This study aimed to explore how meanings around expertise in relation to food allergy and intolerance (food
hypersensitivity) were constructed by 2 groups of social media users: (1) those who use platforms for reasons relating to food
hypersensitivity and (2) those seen as experts by this community.

Methods: Survey participants were asked open-ended questions to identify potential experts in food hypersensitivity issues on
social media and to discuss their reasoning for their choices (n=143). Subsequently, 8 adult social media users with experience
of managing food hypersensitivity and 5 participants designated as experts by those users took part in email interviews. Survey
and interview data were analyzed thematically using Braun and Clarke’s approach.

Results: Judging expertise on social media is a complex and multifaceted process. Users might be judged as experts through
their professional background or their experience living with food hypersensitivities. How users behave on social media and the
traces of their Web-based activity can influence how others will see them. Such considerations are both measured and moderated
through the social media community itself. Findings highlighted how social media often act as a supportive information tool
following a diagnosis, but this also raised concerns regarding the scenario of patients not being able to access suitable vetted
information.

Conclusions: This work has implications for understanding how users perceive expertise on social media in relation to a health
concern and how information assessments are made during the management of risks. Findings provide practical insights to both
medical and organizational stakeholders involved in the support of those living with life-changing conditions, such as food
hypersensitivities.

(Interact J Med Res 2019;8(2):e10812)   doi:10.2196/10812
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Introduction

Background
In today’s digital age, people attend to the information they
encounter on social media; seeking and sharing health-related
information is a common practice [1-3]. However, in situations
where there is the possibility of negative health consequences,
it is important that people are acting on accurate and reliable
information. Judgments about the expertise of the source are
an important part of this, and it is, therefore, important to know
what the heuristics for judging expertise are in the context of
social media [4]. One such situation with potential negative
consequences to health is food hypersensitivity—conditions
associated with the need to avoid specific foods that cause
adverse reactions [5]. By gaining an insight into perceptions of
expertise in food hypersensitivity on social media and from the
perspective of those living with hypersensitivity and those
deemed to be experts in this area, we can further shed light on
the dynamics of expertise on social media in relation to food,
health, and risk. A greater understanding of the factors that
affect an individual’s perceptions of expertise online may have
implications for agencies and organizations that support people
with health concerns.

Food Hypersensitivity
Food hypersensitivity occurs in people who experience
reproducible adverse symptoms when consuming specific foods
and denotes both food allergy and nonallergic food
hypersensitivity, for example, food intolerance and celiac disease
[6]. Living with food hypersensitivities involves constant risk
assessments surrounding the food one consumes. This is
especially the case when eating outside the home [5,7-9]. Those
with food intolerance wish to avoid repeatable adverse reactions
to food, such as bloating, constipation, vomiting, and diarrhea.
Celiac disease is an autoimmune disease caused by the immune
system reacting to the protein gluten (found in the cereals wheat,
barley, and rye), which leads to similar adverse reactions, but
it can have long-term consequences if undiagnosed, such as
anemia, fatigue, and weight loss [10]. Individuals who are
allergic to certain food items must avoid consuming allergens
that could lead to a reaction called anaphylaxis (associated with
breathing difficulties, sudden drop in blood pressure, and which
may be fatal). Given these characteristics of food
hypersensitivity, this is an ideal domain within which to explore
attributions of expertise on social media because misinformation
may have significant consequences [11,12]. The aim of this
study was to explore how social media users and perceived
experts in food hypersensitivities on social media construct
meanings around expertise. To this end, we will first consider
how expertise can be defined and interpreted, how internet users
seek information on social media, the cues they use to assess
potential expertise, and how they validate the information they
encounter.

Defining Expertise
When attempting to define expertise, experts typically have
comprehensive and authoritative knowledge in a specific area
[13]. They are well regarded by their peers, relay accurate and
reliable information, and have gained extensive knowledge

through their experience [14]. Being an expert is normally
considered a good thing to be respected or cited in relation to
one’s area of expertise [15]. Expertise is largely an attribution;
someone is usually considered an expert because others see
them as experts [15]. Expertise typically encompasses
assessments of credibility, trustworthiness, believability, and
accuracy of information [16]. Expertise might be assessed
through academic qualifications, years spent in a specific role,
or experience [17]. The importance of experience, however,
highlights how distinctions between experts and lay persons
can be flexible and dynamic, for example, if a lay person has
experience in a certain area [18]. Expertise is contextually
valuable; an individual may know a lot about specific contexts
and situations (eg, from their life experiences) but little outside
of that environment [18]. Whether expertise on specific social
media platforms holds true for expertise in other contexts (eg,
offline or through different platforms) is worth consideration;
Sternberg and Frensch [15] note “experts in one place or one
time are not necessarily considered to be experts in another
place or another time.”

Seeking Information from Experts on Social Media
Seeking and sharing information are primary uses of the internet
and social media [12,19-21]. In comparison with more
traditional media, social media allow users to communicate in
a reciprocal way, exchanging knowledge, sharing opinions, or
challenging information from others [22]. Social media
encompass a variety of internet-based platforms that use the
technological advances of Web 2.0, associated with
collaboration and user-generated content [23]. Some social
media sites are designed explicitly to enable and encourage
interactions, such as Facebook and Twitter. Others embody
some functions of social media (eg, posting, commenting, liking,
and sharing) but where this is not the primary purpose of the
site, such as forums, chat rooms, and comments systems
following Web-based news articles or published media (eg,
blogs). Health information seekers can readily connect with
those who share similar health concerns [24,25]. In fact,
information circulated among peers, especially those perceived
to be similar, may be more influential than formal expertise
[25,26]. Social media can offer access to other people living in
similar circumstances, and as a result, those managing health
conditions often turn to their social media peers for help, perhaps
for emotional peer support, for example, from other parents of
allergic children [8,27]. This instant and supplementary access
to other perspectives contrasts with information provision
practices within a more formal medical setting.

Web-based information-seeking practices can be dependent on
individual characteristics or motivations of the user. Metzger
and Flanagin [16] highlight how the level of accuracy an
information seeker is aiming for, their accuracy goal [28], will
vary when using the internet. When using social media, for
example, information seeking might be quite casual, where
accuracy in the information is less crucial (eg, searching for
ideas on Pinterest), or purposeful, where getting the correct
information is important (eg, around a medical concern).
Information in line with current beliefs tends to be noticed and
valued more, with discrepant information more likely to be
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disregarded, even when opposing arguments are well argued
and evidenced [29].

Thriving groups of users with specific health concerns exist on
social media, for example, users with diabetes on Facebook [1]
and food allergic and intolerant individuals on Twitter [30].
Those with health concerns are sharing experiences as well as
gaining independence and self-sufficiency through the internet
[3]. For people caring for loved ones, social networking
platforms and forums comprising people in similar
circumstances can be a source of reassurance and support [24].
However, having many authors of relevant information on social
media can pose difficulties for credibility assessments because
the origin and development of a source can become difficult to
authenticate [16]. A lack of verification systems or formal
gatekeepers and the fact that, in most cases, any user can publish
or post information on the internet mean that it is important to
understand how people assess the credibility of the information
they encounter [2,16,20,31]. In light of this, we now turn to
consider the cues used to assess information on the internet.
Metzger and Flanagin [16] provide a useful framework for
considering the kinds of cues that could affect perceptions of
expertise in terms of source, author, and message assessments.

Source Assessments
In internet research to date, source has often referred to the
websites that present information; source and site are often used
interchangeably. Cues to credibility provided by the source of
information have included the following: design, navigability,
absence of errors, links to other reputable sources (or academic
citations), evidence of sponsors, or whether the site makes
money from advertising or product promotion [16,32-34]. In a
review of several studies about Web-based health information
seeking, Cheever and Rokkum [35] highlight how testimonials
or comments from other users on Web content are increasingly
being used to assess the credibility and veracity of Web-based
content. However, in the realm of social media, a source is more
challenging to define. It might refer to the platform user profiles
are held on (eg, Facebook, Twitter, or Instagram), but user
profiles themselves might be seen as separate sources, as they
hold much of the information to be considered a site in their
own right (eg, their own Web address, content, and layout).
Research around website assessments of credibility are likely
to relate to certain sources such as blogs, but the
multidimensional nature of social media does not translate so
easily: a platform that might be considered credible by users
may not necessarily always contain credible sources of
information although familiarity with a specific platform may
give a user better tools to make assessments about the
information or users within [36,37].

Author Assessments
Certain characteristics of the authors of Web-based material
can help other users assess the expertise of the published
information. Metzger and Flanagin [16] highlight factors such
as the author’s qualifications, reputation or professional
association, available contact information, and lack of
commercial motives. Social media allow us to make quite
detailed judgments about individuals we encounter, as users
leave traces of their Web-based activity. For example, having

many followers on one’s social media accounts or having forum
answers ranked highly by other members could be potential
signals of expertise [38]. Similarly, the reactions of others may
have some bearing on how individuals judge the expertise and
reputation of social media accounts; shares, retweets, comments,
and likes can be used as indicators to affirm how others see
sources of information on the internet [38,39].

Often in the absence of an official or qualified source, users
with experiential knowledge or situated understandings may
be mobilized to offer additional insights on an issue [40]. People
with long-term illnesses may become expert in their particular
condition based on experience and specific contexts that relate
to their health concern [18]. Cues relating to shared and lived
experience can lead to a sense of collective trust. For example,
parents of children with a newly diagnosed food allergy were
seen drawing on the expertise of other parents they knew had
gone through the same sorts of issues [27]. In another example,
users of a multiple sclerosis (MS) support forum were seen to
share experiences and treatments in addition to (what was
considered) static Web-based advice monitored by the
professional MS bodies [41].

There are several cues that may be used to infer the credibility
of the Web-based content: clarity of writing, accuracy, presence
of bias, recency of information, and supporting evidence
[16,32-34]. In the realm of Web-based health information, the
use of medical discourse holds high social status and legitimacy
[42], increases a user’s social credibility, and is often a cue to
expertise. Furthermore, using community terminology (such as
abbreviations and acronyms) as well as presenting information
as factual are also ways of performing expertise [43-45]. Cues
of a social nature that are attached to social media posts, such
as comments, likes, and shares, are likely to play a significant
role in how users make message assessments, for example,
whether they accept or trust the information provided or wish
to participate in the discussion themselves [35,39,46].

Objectives
In this study, we investigate how users construct meanings
around expertise on social media in the area of food
hypersensitivity. We explore the construction of expertise from
2 user perspectives: (1) social media users who are food
hypersensitive (FH) or parents of FH children and (2) perceived
experts in food hypersensitivities within the FH social media
community.

Methods

Design
Initial exploratory data were obtained from open-ended
qualitative questions on a Web-based survey relating to social
media use for FH concerns [12]. These data were combined
with subsequent in-depth qualitative email interviews. In total,
13 email interviews were conducted with 8 FH adults and
parents of FH children who use social media (hereafter referred
to as FH participants) and 5 perceived experts in food
hypersensitivity on social media. Given the focus of the study,
we knew participants were confident to engage online; social
media users are likely to be technologically able, and access to
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the internet would not be an issue. Email interview techniques
were chosen here, as they are particularly appropriate when
participants are asked about something that they are unlikely
to have explicitly considered before [47,48]. The approach gives
participants time to contemplate questions. We were able to
explicitly ask participants to consider their responses before
replying, as well as provide examples from their own social
media activities if it helped them get their point across or jog
their memory. The ability to review responses sets this approach
apart from many other forms of qualitative data collection and
can provide more articulate responses and richer, more focused
data [48]. This study was exploratory in nature, and to avoid
restricting the narrative of interview discussion, social media
were considered in a broad sense. This allowed participants to
discuss perceptions relating to their understanding of their own
social media use. Thus, participants could refer to various types
of social media, as outlined in the introduction, such as
well-known platforms themselves (eg, Twitter, Facebook, and
Instagram) or chatroom websites and online support groups.

Participants
From the survey, 143 participants completed 2 open-ended
questions. Table 1 shows the demographic details and social

media use descriptives relating to this sample. Overall, 2 groups
of interview participants were recruited. One consisted of FH
social media users who identified potential experts in food
hypersensitivity within their social media networks. This sample
of users was recruited from the survey and had given permission
to be recontacted for this follow-up study; these participants
are not included in the 143 participants mentioned previously
[12]. Table 2 shows the demographic characteristics of interview
participants. Another sample comprised users identified by the
FH participants as experts in relation to food hypersensitivity.
From respondents on the previous FH survey, 98 potential
experts were identified; this list contained multiple duplicates,
and following inclusion criteria for accounts managed by
individuals (as opposed to larger organizations) and those
contactable through social media or public email addresses, a
list of 30 potential experts was created. From this list, 16 users
were randomly selected and invited to participate; 5 took part.
The professions and backgrounds of experts varied, comprising
a health journalist and writer, food policy official, FH travel
writer, social media discussion group moderator, and FH recipe
blogger. There were 4 female experts and 1 male expert. The
data collection period for the survey was January to March 2017,
and for the email interviews, April to May 2017.
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Table 1. Demographic characteristics for survey participants.

n (%)Descriptive

131 (91.61)Female

10 (6.99)Male

2 (1.40)Preferred not to say

Age (years)

9 (6.29)18-24

36 (25.18)25-34

44 (30.77)35-44

31 (21.68)45-54

23 (16.08)55+

Education level

85 (59.44)University degree

32 (22.38)Commercial/technical diploma

22 (15.38)Secondary education

4 (2.80)Prefer not to say

92 (64.34)FHa adults

51 (35.66)Parents of FH children

Diagnosisb

64 (44.76)Allergy

59 (41.26)Celiac disease

86 (60.14)Intolerance

Speed of reaction

47 (32.87)Immediate

36 (25.17)From 1 hour

47 (32.87)1-24 hours

13 (9.09)>24 hours

Reaction causing allergenc

39 (27.27)Peanuts

28 (19.58)Nuts

48 (33.57)Cow’s milk

81 (56.64)Gluten

29 (20.28)Eggs

4 (2.80)Fish

7 (4.90)Crustaceans

7 (4.90)Molluscs

18 (12.59)Soya

1 (0.70)Celery

4 (2.80)Mustard

3 (2.10)Lupin

14 (9.79)Sesame

5 (3.50)Sulfur dioxide

27 (18.88)Other
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n (%)Descriptive

Social media use

135 (94.41)Facebook

73 (51.05)Twitter

50 (34.97)Instagram

56 (39.16)Pinterest

21 (14.69)Snapchat

73 (51.05)YouTube

63 (44.06)TripAdvisor

6 (4.20)Tumblr

71 (49.65)Support groups

33 (23.08)Comment forums

4 (2.80)Other

Frequency of use

33 (23.08)<Less than 1 hour

50 (34.97)1 hour (approximately)

31 (21.68)2 hours (approximately)

10 (6.99)3 hours (approximately)

3 (2.10)4 hours (approximately)

16 (11.19)>4 hours

aFH: food hypersensitive.
bIndividual may have more than 1 type of diagnosis.
cIndividual may experience reactions from more than 1 allergen.
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Table 2. Demographic characteristics for food hypersensitive interview participants.

n (%)Descriptive

7 (87.50)Female

1 (12.50)Male

Age (years)

0 (0)18-24

3 (37.50)25-34

4 (50.00)35-44

0 (0)45-54

1 (12.50)55+

Education level

7 (87.50)University degree

1 (12.50)Commercial/technical diploma

4 (50.00)FHa adults

4 (50.00)Parents of FH children

Diagnosisb

5 (62.50)Allergy

3 (37.50)Celiac disease

Speed of reaction

5 (62.50)Immediate

2 (25.00)From 1 hour

1 (12.50)1-24 hours

0 (0)24 hours +

Reaction causing allergenc

2 (25.00)Cow’s milk

3 (37.50)Nuts

1 (12.50)Eggs

3 (37.50)Gluten

1 (12.50)Peanuts

Social media use

8 (100)Facebook

5 (62.50)Twitter

3 (37.50)Instagram

3 (37.50)Pinterest

1 (12.50)Snapchat

5 (62.50)YouTube

4 (50.00)TripAdvisor

0 (0)Tumblr

5 (62.50)Support groups

4 (50.00)Comment forums

0 (0)Other

Frequency of use

2 (25.00)<1 hour
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n (%)Descriptive

4 (50.00)1 hour (approximately)

2 (25.00)2 hours (approximately)

aFH: food hypersensitive.
bIndividual may have more than 1 type of diagnosis.
cIndividual may experience reactions from more than 1 allergen.

Materials
The open-ended questions from the larger FH social media use
survey that formed part of this analysis asked participants to
identify any social media accounts they considered expert in
FH issues and discuss their reasoning for recognizing these
sources as experts [12]. The subsequent email interview
schedules covered questions relating to typical use of social
media and aspects of accounts that may be considered as cues
to expertise (Multimedia Appendix 1). Questions were informed
by the literature and were checked and clarified with the research
team and other colleagues to minimize the possibility that
participants would require clarification or explanation, which
would have unnecessarily increased the number of email
exchanges. FH participants were asked questions around their
reasons for highlighting specific users as experts. Questions to
experts asked participants to reflect on their own expertise and
their thoughts on being perceived as an expert by other users.
The schedules were intended as guides to the interview structure
with a degree of question flexibility for follow-ups on relevant
information. Separate email invitations and consent forms were
developed for each group.

Procedure
As mentioned previously, open-ended responses were included
from a previous survey study; these asked participants to
consider potential experts in FH issues on social media and
provide some reasons for their choices. Participants from this
survey study, who agreed to take part in the email interviews
and provided informed consent, were emailed the first set of
interview questions. Similar to face-to-face interviews,
subsequent questions followed up on the aspects of previous
responses and asked for elaboration or further explanation, as
well as providing the next schedule questions. On completion,
a final debriefing email was sent to thank participants for taking
part and to give further information about the study. Due to the
longer duration of email interviews, a £20 Amazon voucher
(equivalent to US $25.33, Can $ 33.62, AUS $36.39) was given
to interviewees as compensation for their time and to thank
them for participating. On average, there were 5 email exchanges
(ie, email sent and responded to) with each participant, a
minimum of 3 and maximum of 7. Typically, each interview
email included 2 or 3 questions (with probes) for participants
to respond. Email interactions were anonymized and saved as
Microsoft Word documents to facilitate analysis. Pseudonyms
replaced names of individuals referred to in the interviews.
Names of organizations were retained. Participants were able
to use their preferred internet-enabled device to respond at a
time and place that suited them.

Ethics
Email interview participants were asked to give consent by
typing their name and date in the final section of the email
information sheet to confirm they understood the study
information. An email interview approach itself can resolve
some ethical considerations associated with typical face-to-face
interviews; participants must actively click to send responses,
and this arguably acts as a second phase of consent—the risk
of participants inadvertently sharing something is much lower.
Data security and confidentiality remained paramount. Data
were stored on secure password-protected university servers,
and names or associations linked to participants were removed
from transcripts. Approval to contact participants from the
previous survey study was granted by the University of Bath
ethics committee (reference: 16-146), and approval for this
project was also granted by the same committee (reference:
17-004).

Analysis
An in-depth qualitative thematic analysis was conducted,
following the guidelines set out by Braun and Clarke [49,50].
Early stages of analysis featured thorough familiarization with
dataset content and development of initial codes (eg, through
annotation of interesting elements relevant to the research
questions). Following initial descriptive first-order coding, codes
were grouped into more specific second-order codes, which
were used to develop overall themes. Final themes were
reviewed and refined to ensure that they appropriately explained
their content and considered as much of the data as possible.
The number of interviews analyzed would be considered
appropriate in line with typical email interview samples of 5 or
more participants [51]. Guest et al [52] note, when coding for
overarching themes, a sample of 6 interviews can be sufficient
to enable the development of meaningful themes and beneficial
interpretations. However, the addition of 143 shorter but detailed
open-ended answers to questions relating to the reasoning behind
judgments of expertise for FH social media sources
complemented this more in-depth sample. Furthermore, the
homogeneity of our sample (the FH concerned) and clear aims
surrounding perceptions (of expertise) further support the
suitability of our sample size [52].

Results

Thematic Analysis
In outlining findings, we discuss observations across and within
groups to develop a clear narrative that highlights associations
and overarching concepts relating to perceptions of expertise
in food hypersensitivity on social media. In quoting from
interview participants and survey respondents, FH demographic
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information is also highlighted: FH Adult or Parent of an FH
child; sensitivity as Allergy, Celiac, or Intolerance. Interviewees
are denoted by an I, and survey respondents with an S, both
followed by their participant number. Perceived expert
interviewees are represented by an E and participant number.
Overall, 4 main themes were identified in the data: (1) discerning
traditional expertise on social media, (2) expertise acquired
through lived experience, (3) cues to expertise in social media
content, and (4) cues to expertise afforded by social media
practices.

Discerning Traditional Expertise on Social Media
There was clear recognition across the data that 1 marker of
expertise on social media was a qualified professional (often a
medical professional). Participants highlighted how using an
official title (eg, dietitian) or job description on the internet
increased the likelihood of attributions of expertise. Claims of
qualifications were similarly unproblematically equated with
having expertise. Those working for or associated with experts
within the field were also considered more credible, as well as
links to research outputs:

To consider them an expert they would either be
working within the field of allergy or involved in
research. [I4-Parent-Allergy]

Dietician is a protected title in the UK.
[S74-Adult-Celiac]

Published academic, so I would consider trustworthy.
[S9-Adult-Intolerance]

Participants often noted how they had met perceived experts in
an offline capacity (eg, at conferences or events) or that an
expert was, in fact, their own or their child’s doctor or nurse:

I know some of the doctors quoted from our time at
the allergy clinic. [S37-Parent-Allergy]

I follow immunologists or doctors I have heard about
from Anaphylaxis Campaign or Allergy UK.
[S119-Parent-Allergy]

Many of the judgments of expertise here are based on attributes
outside the realms of social media. Here, expertise is not
extrapolated from what the perceived expert user is doing online,
but rather from the markers of expertise associated with them
such as qualifications, publications, and external relationships.
Social media are not an influencing factor in their possession
of expertise, which would also presumably exist as a perception
through patient and peer assessments in the offline world. In
contrast, without the influence of a social media network, one
might assume the expertise of nonqualified individuals
discussing FH issues (as will be discussed in our next theme)
would not stretch much farther than their personal, physical
networks.

Traditional sources of expertise formed a benchmark against
which users sought to discern the credibility of social media
information. Social media information was scrutinized by
comparison with traditional materials more likely to have been
checked and evidenced with scientific backing or recommended
by qualified health professionals:

Social media gives a platform to people who can say
almost anything they like. When I was first
diagnosed...I noticed there were a lot of contradictory
information. As I was given an information pack by
the NHS I used this as level 1 point of reference and
compared what I found on the internet to this so I
could sort the facts from the hearsay.
[I6-Adult-Celiac]

Furthermore, and as I6 highlights previously, receiving a new
diagnosis heightens uncertainty and concern about the
trustworthiness of information needed to manage
hypersensitivities on a daily basis:

There are too many groups that people use as a
platform for personal preferences, views and
experiences. It can be daunting for somebody newly
diagnosed to know what is what. [S7-Parent-Allergy]

I think people new to the world of allergy struggle to
see what is correct and what isn't. [I8-Adult-Allergy]

However, it was often the perceived shortcomings in the support
from qualified professionals that led FH individuals to seek
support elsewhere:

However, my personal experience...is you get your
diagnosis, you go away with your list of foods and
your left to it. Yes you have a follow up appointment
with the dietician 6 months after and can call for
advice. But I feel you are just left to work the rest out.
[I1-Parent-Allergy]

Those coming fresh to social media looking for
answers after getting short shrift from their GP etc.
are more likely to fall into the trap laid by self-styled
experts. [E2]

The recently diagnosed patient sought information that could
be trusted at a time of vulnerability and uncertainty. The
acknowledgment of professional titles, qualifications, and
experience with experts outside the realms of social media were
key markers of expertise online. Thus, the locations and
boundaries of expertise begin to be defined: signifiers of
traditional medical expertise were valued around the process of
diagnosis.

Expertise Acquired Through Lived Experience
The concept of expertise developing through experience featured
strongly for both FH participants and perceived experts. Having
lived (or cared for someone) with food hypersensitivity
conveyed expertise in managing the condition:

Having easy access to people who have already been
through it who share this knowledge may mean people
are seen to be “expert” sources of information
[I5-Adult-Celiac]

The nature of expertise that living with FH conveys is associated
with day-to-day living, for example, managing a child’s allergy
at school, appropriate places to eat out, or guidance on eating
out in other countries. Such postdiagnosis day-to-day expertise
is not seen as being available from the medical community but
rather from those whose expertise stems from their personal
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encounters with the issue. These experts can be accessed through
social media:

You can’t get more expert than someone who
appreciates and lives with the strains, stresses,
worries of an allergy; and I feel that Facebook
support groups provide this. Medical professionals
know the “medical” bit but they don’t deal with the
day to day living. [I1-Parent-Allergy]

The role of charities seemed to occupy a middle ground in terms
of the expertise attributed to them. The provision of good advice
was valued but could be associated with a lack of emotional
resonance though being run by those who had personal
experience of FH accorded greater credibility:

Gov and charities are a good source but their content
lacks emotion and passion. [S52-Adult-Celiac]

They’re not run by professionals but others in similar
situations and have been through the diagnosis etc!!!
Often more helpful than the medical profession and
I belong to the medical profession.
[S85-Parent-Allergy]

Although perceived benefits of information from those with
experience was clear, there was also an appreciation that the
information provided was a function of differences in the ways
FH individuals approach their condition or differences in their
conditions (eg, reaction severity or types of allergy or
intolerance). Those who have lived with a food hypersensitivity
for several years and feel confident in their lack of reaction, for
instance, may take certain consumption risks:

Variations in the way some people may take “risks”
could create some confusion particularly to those
who have just been diagnosed. [I5-Adult-Celiac]

Having said that, there was not an unthinking or automatic
acceptance of the advice given by those deemed as experts by
experience. There was some acknowledgment that the
experience of different reactions to the same allergen (eg, cow’s
milk allergy vs lactose intolerance) could be associated with
information that may be inappropriate. Therefore, it was not
food hypersensitivity, in general, that conveyed expertise but
rather it was having the “same condition” (S140-Adult-Celiac)
and the “same intolerances” (S28-Parent-Allergy). This
demarcation of expertise was also evident from the perspective
of the experts themselves. One such participant, an experienced
FH mother, outlined the boundaries of her expertise explaining
that she would avoid handing-out health advice and rather point
people in the direction of medical professionals:

I share my own experiences but never give medical
advice—I always refer to a doctor or official
resource...I would say I am an “expert” parent in the
sense that I have experience managing allergies
day-to-day, and can advise on issues such as handling
school and nursery. [E2]

The online FH community were accorded a role in helping to
moderate the kinds of information being shared and ensure that
it was appropriate and credible. For example, a weekly Twitter
discussion hour around allergy matters, #AllergyHour, was 1
location where this occurred:

I often join in with...#allergyhour where you can ask
anything allergy-related and someone will have
experience to share. There is a tremendous support
network on Twitter. We very much see ourselves as
an allergy family. [E4]

Information would be subject to a process of social validation.
By asking other individuals experienced in managing FH
concerns their opinion on specific matters or by others sharing
the knowledge they had gained from expert sources elsewhere
(eg, in managing children’s allergies, eating out, recipes, or
recommendations for medical advice or treatment), communities
became a trusted site of knowledge. Members of these social
media communities were more confident to use information or
attribute expertise if it had been vetted or accepted by other
trusted users:

They are other parents in the same boat sharing
information which they have either learned themselves
or sharing information from doctors, health visitors,
dieticians. [S109-Parent-Allergy]

Thus, there were 2 pillars that buttressed those seeking credible
information on social media: (1) information about the
experience of living with food hypersensitivity and (2) medical
information. Social media support postdiagnosis was viewed
as legitimately sought and provided in relation to the experience
of living with food hypersensitivity, although it was recognized
by some at least that this may be inappropriate because
experiences of food hypersensitivity varied greatly. Those who
had been accorded as experts on social media were reticent to
give medical information and noted the pitfalls of doing so.

Cues to Expertise From Content
The first 2 themes have primarily considered attributions of
expertise located in the characteristics of that person: their
qualifications or experience. However, the nature of the
information being posted or available on social media was also
a marker of potential expertise. For example, the relevance and
novelty of social media communications served as cues to expert
status:

I don’t tend to share material or news which is
already “doing the rounds” or has been shared widely
already by others—I’ll trust that my followers will
already have seen it. [E1]

Posts relating to current issues. They give out useful
information that is updated. [S100-Adult-Allergy]

Expert information needed to be factually correct, and this was
signified by links to research journals, official publications, or
trusted sources:

I share from credible sources, but in all cases I read
the article or link on the Tweet to make sure I am
reposting something which is accurate, share
interesting materials/facts/research. [E3]

If someone had credible information backed up with
scientific research that was a) new to me and b)
working, that would be great. [S51-Adult-Celiac]

Information is based in fact and scientific evidence.
[S34-Parent-Allergy]

Interact J Med Res 2019 | vol. 8 | iss. 2 |e10812 | p.101http://www.i-jmr.org/2019/2/e10812/
(page number not for citation purposes)

Hamshaw et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

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


In contrast, those who did not give evidence for their claims or
were promoting information users felt had no medical or
research backing were not viewed as credible:

In what way might you consider someone on social
media as non-expert? [Researcher]

People who claim they cured their allergy with simple
lifestyle changes such as buying a salt lamp. Or
people pedalling Vega tests which have no medical
backing whatsoever. [I4-Parent-Allergy]

People who don’t know what IgE mediated allergy is
or do not know the difference between lactose
intolerance or CMPA. People who think someone
with CMPA can have a little dairy and be okay.
[I3-Parent-Allergy]

Some did not expand on the grounds of how they would make
their judgment but simply stated the nature of the content that
they would attend to: it needs to be accurate, relevant, and
evidenced.

User profile information was also seen to contain certain markers
that users may use to assist them in assessments about the
information presented there. One such example was the number
of followers:

People like the collectiveness. They, subconsciously
perhaps, believe if lots of other people are
following/believing someone there is safety in
numbers and it must be true. [I3-Parent-Allergy]

I think they became to be seen as an expert by
blogging originally and then creating the website and
Facebook group. This has then attracted a large
number of followers and so then people consider it
as expert/knowledgeable simply because of the
number of followers and it becomes self-fulfilling.
[I3-Parent-Allergy]

However, others took the opposite view, seeing follower
numbers as a warning sign rather than a sign of expertise:

I fear a lot of people equate lots of followers with
knowledge or expertise. [E4]

There is definitely fake authority imbued by someone
who has tens of thousands of followers—for instance
some celebrities or self-styled food gurus. Social
media makes it easier for these people to have a voice.
[E2]

Thus, the number of followers associated with content may be
seen as a potential heuristic for assessing the accuracy and
relevance of information; the following may itself act as a form
of evidence. However, there are concerns if this following is
not indicative of more traditional expertise or clear lived
experience.

Cues to Expertise Afforded by Social Media Practices
In addition to considerations around the nature of the
information available on platforms, participants noted how the
way users behaved or performed on social media may be a
marker to expertise. Some participants noted that the degree of

interaction in social media engagement was pertinent to
judgments about expertise:

I look for accounts that interact with other people...I
don’t have a lot of time for accounts that only retweet
other people’s tweets [E4]

I think the perception is due to the fact I respond to
tweets, correct factual errors, I am quite vocal. [E3]

The practice of deferring to other users considered to have more
expertise in an area and being open to feedback were also seen
as markers of expertise:

I also look for non-qualified people who defer to
qualified people—always a good sign. [E1]

The two bloggers I referred to in my previous
responses tend to offer advice and welcome feedback
rather than making statements they believe to be fact.
[I6-Adult-Celiac]

The option on social media platforms to tag other users within
posts and thus draw them into discussion supported these
engaged interaction practices, and such exchanges are readily
visible in the history of related posts or feeds. Similarly,
evidence of connections with key FH stakeholders served to
warrant credibility or expertise. These connections included
relationships with associated charities, businesses, or
organizations:

[The Facebook group moderator] talks directly to
companies and gains assurances that certain products
are completely nut free. This has led to the Facebook
group being very popular as lots of people value
[their] knowledge and the contacts [they] have.
[I2-Adult-Allergy]

I follow immunologists or doctors I have heard about
from anaphylaxis campaign or allergy UK.
[S119-Parent-Allergy]

A mark of trusted expertise was brokering the content supplied
by relevant external stakeholders, or to put this another way,
the credibility of the content was enhanced when it was mediated
by a trusted expert. Conversely, some noted that people may
attempt to align themselves with the official profiles of
organizations to project a greater sense of legitimacy. The ability
to include and link to others on social media affords users who
may not have expertise the possibility of enhancing their
presentation of authenticity:

The individuals have yet to demonstrate themselves
in the arena, the audience have yet to form a view on
whether they are credible and borrowing from the
reputation of others can ease this. [E3]

In short, features such as liking, sharing, replying, and tagging
on social media sites provide ways that users can observe the
behaviors, attitudes, reputations, and level of engagement of
accounts they wish to make assessments about. At the same
time, FH participants noted that such features can assist in less
authentic users attempting to portray a certain level of credibility
or expertise within social media networks. This final point
highlights how the affordances of social media platforms can,
on the one hand, hinder the efforts of FH users seeking support
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online, but, at the same time, may support the FH community
in moderating inappropriate information, for example, through
calling out, tagging, or publicly warning others about posts.

Discussion

Principal Findings
In exploring how those managing food hypersensitivity and
perceived experts constructed meanings around expertise, we
identified 4 themes. The first and second themes were associated
with the location of expertise: either being valued as an expert
in a more traditional manner (eg, through qualifications and
professional knowledge) or acquired through experience
managing food hypersensitivity. Both forms of expertise were
valued, and traditional expertise was most often unchallenged
and taken for granted. The third theme highlighted the specific
cues to expertise in social media content. Users were seen to
attend to various markers of expertise in the FH realm, such as
evidenced, accurate, and relevant posts. The final theme
considered the effect of social media practices or behaviors.
Expertise may be assigned if a user is seen to engage with the
FH social media community as well as draw on and interact
with other potential expert users.

A key cross-cutting issue related to the concerns felt around the
time of diagnosis for FH individuals and parents. Several
participants across both FH participants and experts emphasized
the importance of patients being able to get access to correct
information, and this was not always guaranteed when using
social media. It is a paradox that social media provide important
perspectives postdiagnosis about managing the
condition—perspectives that are not available through traditional
medical channels often instrumental in diagnosis—and yet they
cannot be unproblematically taken on board—cues to expertise
have to be found and interpreted. A medical background or
qualification was a taken-for-granted factor in defining expertise
in the FH area. However, in the absence of expert knowledge,
we see experienced FH patients and carers offering advice
through social media about the day-to-day management of
avoiding allergens. Research looking into internet use in
patient-practitioner relationships has suggested that it would be
beneficial for both parties if physicians used their knowledge
to guide patients to approved sources [53], and this may help
reduce anxieties surrounding users taking advice that may not
correspond with medical opinion [54].

Social media were seen as providing a treasure trove of
nonprofessional expertise [41] and highlighted the value placed
on experiential knowledge or situated understandings [40].
However, participants were often clear to stress that they would
frequently take information read on social media and consider
it in line with more official (eg, National Health Service)
materials and their own knowledge. It is not simply the case
that social media information is considered as credible as more
traditional media sources [16], it sometimes was used as a source
on top of, and to complement, traditional materials. This finding
has also been seen in parents of children recently diagnosed
with food allergy; parents used websites, journal articles, and
online support groups to quickly improve their food allergy
health literacy [27]. This time-dependent need for finer

assessments of credibility and expertise is something we do not
feel has been clearly demonstrated in the literature. Nonetheless,
Metzger and Flanagin’s [16] observations around receiver
characteristics such as past experience, reliance, and prior
knowledge are associated with this, but the focus here is more
on experiences as a patient with food hypersensitivity as opposed
to experience as a social media user per se.

Interview discussions demonstrated clearly defined groups of
FH users on various social media platforms (eg, Twitter
discussion participants or members of Facebook support groups)
and supportive groups similar in nature to those recognized by
Broome et al [27], Greene et al [1], and Hamshaw et al [30].
Groups supported fellow users when information or advice was
needed, and drawing on and deferring to the knowledge of others
(even when considered an expert yourself) was considered a
highly regarded trait in someone supporting the community. A
similar finding is presented by Lovatt et al [37], where use of
caveats relating to one’s level of expertise was key to the
development of trust in online breast cancer forums. Trusted
familiar users (either traditional or experience experts) on social
media were imbued with the ability to convey social validation
such that their reactions to other users acted as a benchmark of
status or believability. In a similar way to Metzger et al’s [29]
findings around the use of social information pooling (such as
reliance on testimonials, reviews, or ratings), social validation
was conveyed here in FH users’ liking, sharing, or commenting
on posted messages, which demonstrates a form of rating for
the social media post itself. However, as suggested by the name,
social media perceptions of credibility can involve a much more
social assessment—users can partake in 2-way interactions,
question authors of original content, and ask advice of other
trusted users—thus, highlighting variance with typical
observations relating to Web-based credibility assessments
associated with sources that are more static. The credibility of
expert knowledge was also visible within social media sources
such as Twitter discussion groups such as #AllergyHour and
Facebook support groups. Again, a factor that sets social media
cues to expertise apart from those associated with typical Web
sources was the level of engagement expected to validate
expertise; for example, taking part in discussions, challenging
misinformation, and being available to comment, was also noted
as encouraging trust through social media by Lovatt et al [37].
This further highlights an affordance of social media and a
different way that expertise can be assessed through the internet
in a more hands-on fashion because of communication
capabilities of these platforms.

When considering research around the more static forms of
Web-based media such as websites and assessments of their
credibility, findings may relate to social media, but the
multidimensional nature of these platforms was not always seen
to translate very easily. Frameworks relevant to assessments of
Web-based information, such as those presented by Metzger
and Flanagin [16] and Fogg et al [32], must now move further
to account for the more complex nature of social media
information. Users are assessing information that blurs the
boundaries between source, message, and author—does one
assess the post itself or the platform it resides on? Does the post
come directly from the poster or has it been shared or quoted
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from elsewhere? Although our findings highlight many
credibility cues suggested by frameworks, such as information
recency, accuracy, and relevance, as well as author qualifications
or credentials, and absence of commercial motives, it is clear
that social media do not fit these molds well. Furthermore,
platforms such as Twitter offer users regular real-time updates
(through hashtags) on matters of interest, but because of the
limited (although recently extended) character capacity for
tweets, credibility assessments are more challenging. Social
media posts often do not have the space to give as much detail
as a website might to suggest expertise (eg, references, evidence,
and associations with reputable organizations). Recent research
has shown that links to other sources of evidence in social media
posts can promote a sense of credibility [12]; however, the
extent to which this can be considered the same as references
or evidence cited within Web-based sources needs to be
considered.

Limitations
The interview sample was only a small number of social media
users. However, it did consist of an array of FH concerns, from
FH adults, parents of FH children, allergic and celiac, as well
as those who make a living around food hypersensitivity (eg,
writing about it or working for support organizations). However,
the addition of 143 shorter yet detailed answers to questions
relating to reasoning behind judgments of expertise for FH
social media sources strongly enhanced the more in-depth
interview sample. Several potential experts in the health care
sector on social media were targeted during recruitment, and
although 3 individuals did give informed consent, they did not
respond during our interview timescale. Thus, we were not able
to consider this perspective. Participants who had given
informed consent and sent the first phase of interview questions
were sent a reminder email if responses were not received within
a reasonable time frame (approximately 1-2 weeks). Further
reminders were not sent to avoid harassing participants who
may have decided they no longer wished to take part in the
email interview. Moreover, the gender split of the study sample
could be considered imbalanced. Such an outcome has
frequently been seen in the associated literature [5,55-57] and
may be due to the more common primary caregiving role of
females in managing a child’s food hypersensitivity.
Unfortunately, the nature of sampling for a narrow population
(individuals managing food hypersensitivity) limits the level of
control over such considerations.

The email interview approach gave participants a high level of
control over their data; they could consider replies, gather
information, and add to previous responses. This reflection time
slows down the research process, and the lack of face-to-face
contact means participants can more easily ignore or forget
about questions. Reminders proved useful in some cases, but it
was difficult to know when to start and stop prompting.
Compared with face-to-face interviews, developing rapport with
participants was more challenging because of lack of social
cues. Participants had their own communication styles, and we
needed to adapt to these. Creating an interview schedule also
presented additional issues. There is little opportunity to prompt
participants, and confusing questions might lead to withdrawal.
It was essential that questions were clear and likely to promote

rich detailed responses. We also encouraged participants to be
as detailed in their responses as possible. Thus, email and
face-to-face interviews need to be viewed as distinct research
approaches, each requiring a slightly different set of skills [58].

Conclusions
This study has begun to unpick factors associated with
constructions of expertise on social media, specifically in the
area of food hypersensitivity. Traditional perceptions of
expertise, such as formal qualifications, remain a
taken-for-granted sign of expertise; however, it was
acknowledged that those living with food hypersensitivity could
be seen as experts through their lived experience. There appear
to be several cues to FH expertise on social media, including
those typically anticipated such as factual and appropriate
information and evidence. The 2-directional (social) nature of
social media highlighted how social validation cues, such as
likes, shares, follows, comments, and communication with other
reputable sources or users, could aid in the assessments of
expertise in a different way to more static forms of Web-based
media.

Future work would benefit from exploring constructions around
expertise on social media from the perspective of those
considered traditional experts and how experiential expertise is
considered here. This study suggests that more support may be
needed in relation to living with food hypersensitivity, especially
following diagnosis. Exploring approaches that encourage the
mutual support of traditional and experienced patients and carers
in managing health concerns (eg, online) could prove valuable.
Understanding the processes involved in social media
information assessments could help support groups to design
interventions to improve the information evaluation skills of
social media users; such applications could prove vital, as people
increasingly turn to Web-based sources for help and support in
relation to their health. Practical and actionable implications
from the study findings may include the following:

1. Providing further support for those with food
hypersensitivity following diagnosis. This may be through
additional and subsequent contact with their medical
diagnostic team.

2. Instigate online platforms that could foster mutual support
from medical professionals and those who have experience
managing food hypersensitivity on a day-to-day basis, for
instance, more tailored forums or chat rooms, which could
be closed to the public and moderated.

3. Develop the provision of training for medical professions
in use of social media. For example, in how to promote
one’s own expertise but also manage impressions given to
the expertise of other users on social media (eg, through
their own practices or that of other users). A stronger
understanding of these issues would also enable
practitioners to empower their patients in managing such
concerns.

4. Stakeholders not only need to consider the accuracy of the
information they post on social media but also the degree
they evidence their posts. In addition, relevance was seen
as a key issue here, meaning stakeholders may need to
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consider how they tailor their communications to target certain audiences.
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