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Article Info ABSTRACT

Introduction: Electronic health records are critical for diagnosis and
treatment, but their development can be challenging and time-consuming
process. Personal health records provide a practical and accessible solution
by empowering patients to take an active role in their care. This study
presents a personalized electronic health record system for chronic kidney
disease patients, highlighting its potential benefits on patient care.
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Material and Methods: In 2021, a practical study was conducted to

develop and evaluate a personal health records software specifically for
patients with chronic kidney disease. The analysis phase involved a
literature review and validation process to review the dataset and key
software functions. The study primarily focuses on the implementation
process and exploratory usability evaluation results of the software. The
development and evaluation process involved a health information
management specialist and a medical informatics expert, and the software
was evaluated by health information technology students using the Nielsen
usability evaluation checklist.
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K;ﬂg;is,},ea,th Record Results: In the evaluation of the produced software, 12 issues were
Usability identified, of which three were related to the principle of user freedom and
User Interface mastery over the system, three were related to the principle of consistency
User Experience and standards, one was related to the principle of aiding users in diagnosis,

Heuristic Evaluation and five were related to error prevention.

Conclusion: This study emphasizes the importance of compliance with
clinical standards and user experience in developing successful personal
health record software. Previous failures in similar systems have been
attributed to non-compliance and unmet user expectations. The study aims
to identify obstacles and improve the personal health records production
process.
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INTRODUCTION

Advances in information and communication
technologies have led to new opportunities in
healthcare and education [1]. Today, information
systems are widely used in healthcare and many of
them have effectively replaced traditional manual
methods [2]. The interaction between physicians and
patients is improving with the emergence of
electronic media that are advancing and

strengthening communication [3]. Access by patients
and healthcare providers to patient health
information is highly important due to its role in
patient-centered medicine and can be effective in
various aspects of patient and healthcare provider
decision-making and can reduce the costs of
healthcare solutions [4].

Patient involves complete dependence of the patient
on the physician. Physicians must employ accurate
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recording systems for storing patient information
and use these records for future diagnoses and
recommendations. In this regard, the use of
electronic health records (EHRs) is a significant
milestone. Health records are a collection of data
related to the patient's health, and EHRs are defined
as a digital repository of the health status of patients

[3].

EHRs have evolved from several electronic methods
for storing patient health information to a structured
and collaborative approach [6]. However, EHRs also
have limitations because the patient record in these
systems is entirely based on data provided by
healthcare providers [7]. One of the goals of using
these systems is to give patients access and
ownership of their health data [8]. Based on this,
personal health records (PHRs) emerged from EHRs.
These systems are defined as records of patient care
controlled by the patient [9].

PHR can also be defined as a representation of an
individual's health information and progress [10].
One of the main advantages of PHR is the ability of
patients to maintain and store their own health
information. However, many challenges in the
acceptance and expansion of PHR use need to be
addressed, including how these systems can
collaborate with EHRs, implementation costs, privacy
preservation, security, and evaluation of the effective
benefits that may be available to patients [11]. PHR
enables patients to maintain and preserve
information related to medical conditions,
medications, and self-care behaviors and monitoring
of their own health [12].

One of the features of information systems that
enables the provision of quality services is the
usability of these systems, which are achieved by
considering the users' needs and using standard
methods in system design [13]. A highly usable
system, by providing a user-friendly interface to
users, helps them to perform their tasks quickly and
with minimal mental effort. Usability issues such as
incorrect and ambiguous system messages,
unfamiliar language, and feedback lacking important
information, can reduce efficiency, confuse users,
cause system inefficiency, and result in unsuccessful
user interaction with the system. Usability has a
direct relationship with user productivity and
satisfaction [12].

system can have a significant impact on user
adoption. If this feature is weak, productivity will
decrease and users will not accept the system [14,
15]. Continuous evaluation of information systems
helps prevent potential errors, and by identifying
existing problems in the system, it allows for
planning to address them and ultimately provide
better quality services to patients and ensure their
safety [16].

The evaluation of usability of information systems is
carried out by two general methods: evaluation based
on expert opinion and evaluation based on the
opinions of end users [17]. One of the methods of
expert evaluation is heuristic evaluation. This
method is one of the easiest, most efficient, and least
expensive methods of evaluating usability, which can
identify a large number of usability problems with a
small number of evaluators in a short period of time.
Therefore, the aim of the present study was to design
and evaluate the usability of the personal health
record system for patients with chronic kidney
disease.

MATERIAL AND METHODS

In this research conducted in 2021, a rigorous
analytical, developmental, and evaluative
methodology was employed. The study received
ethical clearance from the Institutional Review Board
of Shiraz University of Medical Sciences. All
procedures were executed in accordance with
pertinent guidelines, regulations, and the Helsinki
Declaration. Participation was voluntary, and verbal
informed consent was obtained from all participants.

Needs assessment

At the outset, our research team delved into a
comprehensive needs assessment, analyzing the
intricacies of personal health record requirements.
Through a methodical, domain-specific review, we
discerned the critical data elements, features, and
functionalities essential for crafting an electronic
personal health record tailored to those battling
chronic kidney failure. As we ventured into the
checklist's validation phase, we garnered the insights
of a distinguished panel of 25 experts spanning
endocrinology, cardiology, nephrology, medical
informatics, and health information management, all
hailing from the renowned medical institutions of
Shiraz and Mashhad. Their contributions were
graciously made through email correspondence.

Design and development

The system was developed based on the user-
centered design (UCD) model. The UCD model
focuses on four main axes: 1) Understanding real-
world end-users; 2) Validating requirements and
product design; 3) Designing, prototyping, and
developing iteratively; 4) Comprehending and
designing for user experience. After gathering
content and user needs, the obtained information
was analyzed and categorized into three panels:
medical, patient, and management. It was then
designed in the form of a wireframe. A wireframe, or
preliminary website layout, displays the placement of
interface elements on the main page and what
elements will exist on other web pages. The purpose
of a wireframe is to present a basic visual structure
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that depicts the arrangement of various web page
elements. In the subsequent phase, we crafted the
foundational UI/UX design of the website using the
specialized tool, Figma. The medical, patient, and
management sections were distinguished by their
unique content and were meticulously designed.
When it came to website development, we harnessed
languages including PHP and JavaScript,
complemented by Laravel and AJAX frameworks.

Usability evaluation

To assess usability in this study, the standard Nielsen
usability evaluation checklist and the system
usability scale (SUS) questionnaire were used. The
SUS questionnaire comprises 10 statements rated on
a 5-point Likert scale, ranging from 1, meaning
"strongly agree," to 5, indicating "strongly disagree."
These statements are alternately phrased in positive
and negative manners. For calculation, odd-
numbered statements are subtracted from one, and
even-numbered statements are subtracted from five;
the sum is then multiplied by 2.5. The resulting score
will be between 1 and 100, with a score closer to 100
indicating better usability. To gather SUS
questionnaire data, experts interacted with a
personal health record website, providing feedback
on checklist components. Five evaluators
participated, including two medical informatics
specialists and three health information experts. To
prevent the influence of one evaluator's opinions on
others, assessments were conducted independently.
The SUS questionnaire was designed online, and its
link was provided to the participants. Based on the
response rate for each option, the website's issues
and the severity of each problem were calculated.
Subsequently, the Nielsen checklist, which consists of
ten principles, was used for evaluation. After
examining the evaluation results, the website's
usability issues were identified, and the website was
redesigned to address these challenges.

RESULTS

Needs assessment

At this stage, a total of 48 primary functions were
extracted from the studies, which were classified into
eight main functional categories. These functions are
briefly listed in Table 1.

Design and development

For modeling the electronic health record, the unified
modeling language (UML) was used. The use case
diagram of the electronic personal health record
obtained from the system analysis in this research is
presented in Fig 1. A sample of Sequence diagram
resulting from the system analysis as Entering
information by the patient into the PHR is shown in
Fig 2.

Table 1: Classification of main functions extracted from the
studies.

Management of patient health records

Management of the Including tests, treatment
patient's personal plans, and the patient's health
observations calendar.

Including medication
management, monitoring
drug interactions, alerts, and
reminders

Decision support
management

Including personal and family
education, announcement of
results, and sharing of patient
information.

Patient support
management

Safe access and preservation
of security and
confidentiality, verification of
the accuracy of secure
exchanges, informed consent
and encryption of sensitive
and selective information,
non-repudiation
management, and logging of
actions.

Security issues
management

Administrative affairs Identity information,

management. appointment and surgery
Communications within

Communication therapeutic teams, clinical

management. dashboards, and selection of

medical staff.

Personal health Management of remote care,

monitoring lifestyle, self-care, and
management prevention.
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Fig 1: Use case diagram of electronic health records

The personal health record designed in this study
consists of 10 sections, including a list of patient
problems, surgical interventions, associated diseases,
specific disease characteristics, physical
examinations, treatment plans, patient history, family
history, vaccinations, and allergies. Sample designed
pages for this section are shown in Fig 3.

The designed dashboard for the patient includes
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displaying information such as age, height, weight,
calculating BM], vital information of the patient such
as changes in blood pressure levels, blood glucose
levels, blood lipid levels, and medications being taken
by the patient. The patient dashboard is visible in Fig
4,

‘ Patient ‘ ‘ PHR ‘ [ My Heaith Record Enter Clinica Data. Doctor

1.1 Enter Daa
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Fig 2: Entering information by the patient into the PHR
resulting from the PHR analysis. A sample of Sequense
diagram
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Fig 3: a. List of patient records UI; b. Physical examinations
UI; c. Easy access main menu Ul; d. Family medical history

Fig 4: Patient dashboard in PHR

In the laboratory and paraclinical tests management
section, the doctor can request the necessary tests for
the patient and review the test results after they are
recorded by the patient. In the medication
management section, the doctor enters the
prescribed medications for the patient, including
dosage, quantity, administration method, and any
necessary recommendations. The patient can also
view the list of prescribed medications and set
reminders for regular use (Fig 5).

In the appointments management section, the patient
can send appointment requests to the doctor,
specifying the date and time for the meeting. The
doctor can view the patient's appointment request in
their panel and can either confirm or reject the
request.

In the health calendar section, the most important
milestones of the patient's progress are displayed.
Events are shown in blue; tests are highlighted in red,
and appointments with the doctor are indicated in
green (Fig 6).

In the educational section, instructional videos or
educational materials are provided by the main
administrator of the website and can be viewed. In
the communication with the treatment team section,
patients can establish communication with their
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respective doctors, send them messages, and view
the doctor's responses and consultations.

»

@ Sl g A o Y a

b

Fig 5: a. Laboratory and tests records UI; b. Prescribed
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Fig 6: Personal health calendar

The doctor's management panel includes the
following: Access to the user panel of patients who
have granted access to the doctor, Patient
appointment requests, Reminder list, Messages,
Laboratory and clinic test management, Medication
management.

The patient's management panel includes the
following: List of doctors and patients, List of
hospitals, Reports, Educational posts and videos; and
Support.

Usability evaluation

During the heuristic evaluation phase, the evaluators
identified 12 design issues that were primarily
related to the principles of user control and freedom,
adherence to standards and consistency, appropriate

error messages, and error prevention. However, the
evaluators did not find any issues in terms of
aesthetic aspects, simplicity of design, system
adaptability to the real world, visibility, guidance and
documentation, flexibility and ease of use, and
appropriate recognition instead of recall.

DISCUSSION

This study was conducted with the aim of evaluating
the usability of the design of a personal health
electronic record for managing chronic kidney
disease.

Management of chronic kidney disease is based on
halting or slowing down the progression of kidney
damage through monitoring kidney function,
addressing risk factors (such as high blood pressure
and diabetes), and preventing cardiovascular
complications. Similar to managing other chronic
diseases, effectively managing chronic kidney disease
involves active patient engagement with healthcare
providers. This includes utilizing self-management
strategies to establish goals, address problems,
manage symptoms, make informed decisions for
personalized care, and successfully implement the
care plan [18, 19].

A meta-analysis has demonstrated the positive
impact of self-management interventions in the care
of chronic kidney disease. These interventions have
been found to effectively reduce urinary protein
excretion, control blood pressure, and facilitate
lifestyle changes, including exercise, even in the early
stages of the disease. Additionally, the use of personal
health  electronic records is increasingly
acknowledged as a transformative factor in
promoting constructive interactions between
patients and healthcare providers, ultimately leading
to a patient-centered care model [20].

The study provided all 11 essential components
required for designing a personal health electronic
record, including vaccination records, medication
lists, allergies, family medical history, laboratory test
results, and surgical procedures. These components
were prepared using standards such as CCD, CCA,
CCR, AHIMA, AMIA, and 128 DICOM, ensuring
comprehensive coverage [21, 22].

Designing the electronic health record tool for
managing diverse and specialized information and
actions should prioritize protecting patients from
being overwhelmed by excessive, unnecessary, and
stressful information. Additionally, presenting
personal health data in a clear, concise, and user-
friendly format is crucial, considering that this tool
will be used by individuals with varying levels of
health literacy. Participants emphasized the need for
this technology to be designed in a way that displays
chronic kidney disease-related information based on
each patient's individual circumstances [23].
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Most experts described the following essential
functions in designing a personal electronic health
record for patients with chronic kidney disease:
management of customized patient education,
management of family education, management of
provider-patient =~ communications, = medication
management, remote monitoring at home, and health
management, preventive medications, lifestyle, and
self-care. These were the key considerations in the
conducted study. One innovative function strongly
emphasized by experts in this study was customized
patient education. Shifting healthcare towards more
personalized care, where patients play an increased
role in their treatment and disease management, was
highlighted [24]. From the patient's perspective,
customization of care and education has always been
an important aspect of healthcare quality. Every
patient wants to feel that they receive education and
care tailored to their specific needs [25]. Many
studies have recognized the importance of creating a
system based on individual needs as a crucial
component [26]. Customized services not only
provide better quality but are also perceived as more
appealing. In this study, the use of alert and reminder
capabilities in the design was employed, which can
contribute to enhancing the continuity of team-based
care.

In the present study, from the evaluators'
perspective, after reviewing the system based on
Nielsen's principles, no issues were found regarding
the principles of aesthetics, simplicity, system-world
compatibility, visibility, guidance, and
documentation. However, in other studies that
evaluated similar systems in the healthcare field,
such as radiology information systems [27] and
physiotherapy [28], non-compliance with these
principles was among the most common problems
identified.

Studies have shown that electronic personal health
records have been designed and implemented in
various dimensions. Different  information
infrastructures, target populations, and existing laws
have been determining factors in these designs. In
developed countries, regional and national levels of
electronic health records and electronic medical
records have been used to design personal health
records. However, it should be noted that personal
health records, like the one we designed, are limited
to a specific group of patients [29].

Based on the research team's studies and
experiences in this study, to enhance the usability of
these systems, the possibility of automatic retrieval of
stored information in a registry or hospital
information system is suggested for easy, intuitive,
and preferably automated data entry. Additionally,
other technical features such as filters for ease of data
analysis and reporting, and personalized
recommendations can be considered [12].

Furthermore, user-centered design, which involves
effective user participation throughout the design
process, is recommended for improving the design of
electronic personal health records.

Other innovative suggestions and ideas for enhancing
the design of personalized electronic health records
include: Developing algorithms for predicting the
likelihood of disease recurrence, Implementing
biometric authentication methods such as fingerprint
or iris scanning to increase data security, Designing
personalized content tailored to individual users,
Retrieving search results based on patient
preferences, Enabling remote tracking and
monitoring of patient symptoms, such as remote
examination of patient's eye images by a physician or
an Al system assisted by a mobile device, Utilizing
features like chatbots and standardizing the structure
of templates used for various types of patient notes
and annotations within the program.

Measuring the effectiveness of using personalized
electronic health records on patient health indicators
is one of the key challenges in designing a healthcare
electronic system. The research team is diligently
pursuing this objective in their subsequent studies.

CONCLUSION

This research aimed to identify the prerequisites for
designing, developing, and implementing an effective
and comprehensive personalized electronic health
record system. The utilization of this system in
disease management, improving self-care processes,
and enhancing the quality of life has proven
beneficial. It empowers patients to actively
participate in their treatment process, resulting in
better healthcare outcomes. Additionally, it supports
physicians in making optimal decisions and can lead
to a reduction in healthcare costs.
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