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ABSTRACT

Background and Objective. Mobile health applications have become integral in medical education and information 
access, yet their effectiveness varies, and barriers to engagement persist. This study aimed to develop and evaluate 
the usability and effectiveness of the Hypertension Now mHealth application in enhancing knowledge and guideline 
adherence among Family Medicine residents.

Methods. A before-and-after educational intervention study was conducted among residents of the Department 
of Family and Community Medicine (DFCM), Philippine General Hospital, from January to August 2023. The 
study involved the development of a mobile health application, Hypertension Now, designed to support clinicians 
on hypertension management. Usability, knowledge scores, and adherence to guidelines were assessed through 
questionnaires, pre- and post-interventions, and medical chart audits.

Results. All 32 DFCM residents participated. The app received high ratings for ease of use, interface, and overall 
satisfaction. It significantly increased residents' knowledge scores by 1.6 points (p=0.001). Adherence to proper 
physical examination (82% vs. 91%, p=0.024), diagnosis (80% vs. 90%, p=0.012), and pharmacologic treatment 
(53% vs. 83%, p=0.001) significantly improved. However, no significant increases were observed in adherence to 
risk assessment (83% vs. 78%, p=0.371), laboratory examination (35% vs. 40%, p=0.329), and non-pharmacologic 
treatment (77% vs. 81%, p=0.470).

Conclusion. This study showed the potential of mobile 
health tools to support medical education and enhance 
clinical practice in primary care settings. Integrating apps 
like Hypertension Now could improve management 
strategies and patient care outcomes.

Keywords: mobile health applications, medical education, 
usability

INTRODUCTION

Mobile devices and apps are widely used for medical 
education, aiding communication, and offering portable 
access to medical information through mobile health 
applications (mHealth apps).1 There are about 318,000 
mHealth apps across different app stores, which serve as 
repositories for calculations, scoring tools, practice guidelines, 
and medications. These apps facilitate technology-enhanced 

Visual abstract presentation – PGH Expanded Health Research 
Office Research Contest, October 16, 2023, Philippine General 
Hospital.

Oral presentation – WONCA Asia Pacific Conference 2024, 
August 22, 2024, Singapore.

eISSN 2094-9278 (Online)
Published: May 30, 2025
https://doi.org/10.47895/amp.v59i6.9994
Copyright: The Author(s) 2025

Corresponding author: Sitti Khadija U. Salabi, MD
Department of Family and Community Medicine 
Philippine General Hospital, University of the Philippines Manila
Taft Avenue, Ermita, Manila 1000, Philippines
Email: susalabi@up.edu.ph
ORCiD: https://orcid.org/0000-0002-1128-2758

VOL. 59 NO. 6 2025 71

ORIGINAL ARTICLE



learning, especially relevant for time-constrained clinicians, 
and directly improve patient outcomes by reducing errors 
and hospital stays.2–6 

The effectiveness of mHealth apps as a continuing medical 
education method has been discussed in several studies to 
explore more effective learning strategies. These studies had 
mixed outcomes with several reporting improvement in 
knowledge and performance while others found no significant 
change.7–14

Some studies have sought to gauge the impact of 
mHealth apps on physicians' adherence to clinical guidelines 
to optimize these apps’ use in medical education. Specifically, 
mobile health apps have been shown to enhance adherence 
to pneumonia antibiotic guidelines and cardiac life support 
protocols.15,16 Nonetheless, several barriers persist in the 
utilization of mHealth apps to increase guideline adherence.17

Mobile health app integration into medical practice 
has not progressed despite the continuing expansion and 
increasing availability. The limited number of apps that have 
undergone usability and effectiveness assessments further 
exacerbates this disparity.18 Moreover, there exists a paucity of 
published data about mHealth app utilization in low-income 
nations where innovations in mHealth are sparse.19 A scarcity 
of research also surrounds the effectiveness of mHealth apps 
in managing chronic diseases, such as hypertension, which 
continues to impose a substantial global, national, and local 
disease burden.20–22 This research aimed to bridge these 
critical research gaps through the development and evaluation 
of ‘Hypertension Now', a mobile health application featuring 
guideline-based content tailored for medical practitioners 
treating hypertension. The study sought to assess the usability 
and the effect of the app on the knowledge and adherence to 
practice guidelines among Family and Community Medicine 
resident physicians of the Philippine General Hospital.

METHODS

Study Design 
This study used a before-and-after educational 

intervention design. It was conducted within the residency 
training program of the Department of Family and Community 
Medicine (DFCM), University of the Philippines-Philippine 
General Hospital (UP-PGH) from January 2023 to August 
2023. This study also included a review of medical records 
of patients seen at the Family Practice Center (FPC), the 
outpatient clinic of DFCM.

Study Intervention 
A mobile health application, HyperTension Now, was 

developed by a multidisciplinary team including content 
experts, software developers, and graphic designers. Phases 
of app development started with the selection of reference 
materials.23 Hypertension guidelines by the International 
Hypertension Society and the Philippine Hypertension 
Society were used.24–26 These guidelines were translated into 

bulleted summaries and flowcharts to enhance user under-
standing. 

The selection of topics was based on their importance 
in hypertension management, as specified in the guidelines. 
Content experts reviewed the guidelines to identify critical 
areas for inclusion. The translation involved converting detailed 
guideline recommendations into simplified, actionable steps. 
Algorithms were crafted through collaboration between 
content experts, software developers, and graphic designers 
to ensure both clinical accuracy and user accessibility.

The app underwent multiple rounds of review and 
testing to ensure validity and effectiveness. Expert feedback 
was incorporated into the final design. Following testing for 
accuracy and usability, the app was launched on the Apple 
and Google app stores, available for free.

The app’s content is organized into five main sections: (1) 
Diagnosis: includes definitions, classification of hypertension, 
proper BP measurement, and links to validated BP devices; 
(2) Risk Assessment: lists major risk factors and discusses 
organ damage detection; (3) Physical Examination: provides 
BMI calculation and physical findings by organ system; (4) 
Laboratory Examination: covers relevant blood, urine, ECG, 
and optional tests with cut-off values; and (5) Treatment 
Section further subdivided into: treatments goals, non-
pharmacologic, and pharmacologic managements.

The app features BMI and eGFR calculators, a "Quiz of 
the Day" to reinforce knowledge, and educational illustrations 
to help clinicians motivate patients toward healthier behaviors. 
It also includes a list of drug prices in the Philippines to 
assist in selecting cost-effective treatments. Designed for 
ease of use, the app offers a main panel for each section, a 
bookmark function, and offline access to all content.

Study Population 
All DFCM residents were invited and consented to 

participate in the study. Each resident was assigned a specific 
code to hide identity. Residents took a pre-intervention 
examination and attended a 15-minute presentation of the 
mHealth app. They were then instructed to download and 
use the app on their mobile phones. Afterward, the residents 
answered the post-intervention examination and the usability 
survey.

Guideline adherence was assessed by evaluation of 
electronic medical records of newly attended patients at the 
FPC. Charts with diagnosis of hypertension or hypertension-
suspect were randomly selected and coded to de-identify 
the patients. A sample size of 268 charts (134 pre- and 134 
post-intervention) was determined using GPower 3.1.9.4, 
assuming a 60% pre-intervention adherence rate and 75% 
post-intervention, with an alpha of 0.05 and 80% power. 

Data Collection and Analysis 
This study measured three outcomes: residents’ percep-

tion of the usability of the app, change in knowledge score, 
and rate of adherence to practice guidelines. Data were 
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collected by two independent, trained data collectors to 
minimize observer bias. Statistical analyses were performed 
by an independent statistician using IBM SPSS Statistics 
version 29.0.1.0. 

The mHealth App Usability Questionnaire (MAUQ) 
form was answered by the residents after a 2-month 
intervention period (April to May 2023).27 The questionnaire 
used a 7-point Likert scale from strongly disagree (scored 
as 1) to strongly agree (scored as 7). Three parameters were 
rated: ease of use, interface and satisfaction, and usefulness. 
Responses were treated as ordinal data and results were 
analyzed descriptively using median scores. Frequency of 
use, comments, and suggestions were additional parameters 
gathered in the survey form to allow other insights about 
the use of the app.

A 20-item examination on hypertension was adminis-
tered before the intervention in March 2023 and after the 
intervention in June 2023. The minimum passing level was 
set at 65% based on the Angoff method, wherein three 
experts estimated the probability that a minimally competent 
examinee would answer each test item correctly.28 The raw 
and percentage exam scores were tested for normality using 
the Shapiro-Wilk test and were analyzed using the non-
parametric Wilcoxon signed-rank test for paired samples.

A medical chart checklist based on hypertension 
clinical practice guidelines was developed and used for 
the app. The medical chart audit was divided into six 
categories: risk assessment, physical examination, diagnosis, 
laboratory examination, non-pharmacologic treatment, and 
pharmacologic treatment. Pre-intervention chart review 
was done from January to March 2023, while the post-
intervention was done from June to August 2023. The target 
standard of care was set at 80%. The results were analyzed 
using the Z test for 2 independent proportions. 

Ethical Considerations
The study protocol was approved by the University of 

the Philippines Manila Research Ethics Board (UPMREB 
code 2022-0405-01).

RESULTS

All 32 DFCM residents participated in the study. There 
were 7 third-year residents, 11 second-year residents, and 14 
first-year residents, aged 26 to 34 years, with medical practice 
experiences ranging from 0 to 8 years. 

Presentation of the Mobile Health Application
The mobile health application was introduced to 

participants through a 15-minute presentation covering 
its key features and functionalities. The interface features a 
landing page with a sign-up screen, leading to the homepage 
(Figure 1). From the homepage, users can choose to go to 
the “Quiz of the Day”, lessons or resources, with a main 
navigation panel allowing easy access to any section at any 

time (Figure 2). The lessons page offers access to five primary 
topics and additional features designed for learning and 
managing hypertension.

Usability of the Application
There was high usability of the app among the residents. 

The mobile health app was perceived by the residents 
as easy to use (median score of 7, on a scale of 1-7). This 
rating considered factors like simplicity of learning the app, 
navigation consistency, and error recovery. Interface and 
overall satisfaction of the app were also rated high (median 
score 7). These covered factors such as app appearance, 
content organization, comfort of use in social settings, and 
likelihood of future use. Lastly, the usefulness of the app, 
based on access to healthcare delivery, patient management, 
expectations of functions and capabilities, offline use, and 
acceptability was also rated high (median score 7). The app also 
received positive feedback about the comprehensiveness of its 
contents. Suggestions about the app included incorporating 
other subject matters and CPGs into the app; and adding 
notifications to encourage daily quiz participation. 

In terms of frequency of use, the mobile health app 
exhibited differences in usage patterns among the residents. 
The app was used once or twice per month by most of the 
residents (37.5%, 12 out of 32). It was used the highest 
number of times by 25% (8) of the residents at once a week. 
The lowest frequency of use was reported by 6% (2) of the 
residents at less than once a month.

Knowledge of Residents on Hypertension 
There was an overall significant increase of 1.6 points 

in the mean knowledge scores of the residents after the 
intervention, p=0.0001. More than half of the residents (63%) 
had higher exam scores on the post-test than the pretest, with 
the highest change in score at 6 points and the lowest at 1 
point. However, the remaining third of the residents (38%), 
had poorer scores (19%) or had no change in scores in the 
post-test (19%).

In terms of passing rate, the proportion of those who 
passed the exam significantly increased after the intervention 
(37.5% vs. 59.4%, p=0.035). (Table 1)

Adherence to Practice Guidelines Based on 
Medical Chart Audit 

A total of 288 medical charts of new adult patients 
diagnosed with hypertension and hypertension-suspect in the 
DFCM outpatient clinic before and after the intervention 
were included in the study. 

Pre-intervention chart review showed appropriate risk 
assessment based on age, sex, symptoms, past medical history, 
family medical history, and lifestyle habits (83%). This 
decreased to 78% post-intervention, although the difference 
was not significant (p=0.371). 

Physical examination, based on documentation of height, 
weight, BMI, heart rate, chest PE, cardiac PE, and extremities 
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PE, was appropriately done at pre-intervention and post-
intervention. The percentage of appropriate care significantly 
increased after intervention (82% vs. 91%, p=0.024).

Another statistically significant change was observed 
in adherence to proper diagnosis. The number of charts 
with appropriate guideline-based diagnoses before and after 
intervention significantly increased by 10% post-intervention 
(80% vs. 90%, p=0.012). 

There were varying results in the treatment categories, 
which included completeness of laboratory examinations 
requested, non-pharmacologic advice, and pharmacologic 
treatment. The completeness of laboratory examinations, 
which included fasting blood sugar, lipid profile, 12-lead 

ECG, serum creatinine, and urinalysis, showed the lowest 
adherence rates among all tested categories. The laboratory 
workup adherence rates were considerably lower than the 
target standard of care set at 80%, both pre- and post-
intervention (35% vs. 40%, p=0.329). Provision of guideline-
adherent non-pharmacologic advice, which included dietary 
adjustments, exercise, smoking cessation, and alcohol 
moderation, reached the target standard of care after the 
intervention but the difference was not significant (77% vs. 
81%, p=0.470). In contrast, the prescription of appropriate 
pharmacologic therapy increased significantly by 30% post-
intervention (53% vs. 83%, p=0.001). (Table 2)

Figure 1. Sample frames of the Hypertension Now mHealth application showing the interfaces for (A) landing page, (B) sign-up 
screen, and (C) homepage.

A CB

Table 1. Knowledge Scores and Passing Rates in the Hypertension Exam before and after the Use of the 
Hypertension Now app among the PGH DFCM Residents

Parameters Pre-test (N=32) Post-test (N=32) p-value*

Mean knowledge score (SD) 11.37 (±2.59) 12.97 (±2.58) 0.001
Number of residents who passed the exam (%) 12 (37.5%) 19 (59.4%) 0.035

*Computed using non-parametric Wilcoxon signed-rank test, significant at <0.05
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DISCUSSION

This study demonstrated that the mHealth app, 
Hypertension Now, had high usability for Family and 
Community Medicine residents. The app was effective in 
improving the knowledge of the residents on hypertension. 
It also effectively increased guideline adherence on proper 
physical examination, diagnosis, and pharmacologic treatment. 
However, it was not effective in increasing adherence to 
proper risk assessment, laboratory examination, and non-

pharmacologic treatment. These findings aligned with the 
growing recognition of mobile health applications' potential 
in medical education and clinical practice.7,8

Previous studies have shown that the utility of mHealth 
apps has not been optimized due to various obstacles, including 
usability issues despite mHealth’s increasing presence. These 
issues comprised diminished physician involvement, limited 
awareness, cost, and user interface design issues.17,29,30 This 
study addressed these challenges by developing an app 
customized for hypertension management, adhering to 

Figure 2. Sample frames of the Hypertension Now mHealth application showing (A) the interfaces for topics in the lessons tab, 
(B) a “Quiz of the Day” page, and (C) navigation panel.

A CB

Table 2. Number and Percentage of Charts Adherent to Practice Guidelines Based on Medical Chart Audit 
Criteria before and after the Use of the Hypertension Now app among the PGH DFCM Residents

Criteria Pre-Intervention (N=144), (%) Post-Intervention (N=144), (%) p-value*

Risk assessment 119 (83) 113 (78) 0.371
Physical examination 118 (82) 131 (91) 0.024
Diagnosis 115 (80) 130 (90) 0.012
Laboratory examination 50 (35) 58 (40) 0.329
Non-pharmacologic treatment 111 (77) 116 (81) 0.470
Pharmacological treatment 76 (53) 119 (83) 0.001

*Computed using Z test for 2 independent proportions, significant at <0.05
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established practice guidelines, and integrating features to 
enhance usability. The results of these efforts were evident in 
the app's high ratings for usefulness in practice, ease of use, 
interface quality, and overall satisfaction among the resident 
users. These findings emphasized the effectiveness of tailored 
approaches in overcoming common usability challenges, 
thereby maximizing the impact of mobile health apps in 
healthcare.

The study's findings reflect the variability in user 
engagement seen in previous research regarding usage 
patterns.31 Mobile health apps often exhibit different usage 
frequencies among users, with some users accessing the app 
more frequently than others. This variability underscores the 
importance of understanding and addressing user engagement 
patterns to enhance the use of mHealth apps.

Research investigating the effectiveness of mHealth 
applications as educational strategies yielded mixed findings. 
While certain studies have demonstrated enhancements 
in knowledge and adherence scores among participants 
exposed to mHealth interventions, others have reported no 
substantial influence on these metrics.6,9–11,15,32 This study 
contributed to this ongoing discussion by demonstrating 
that the Hypertension Now app enhanced knowledge and 
guideline-adherent physical examinations, diagnostics, and 
pharmacological treatments for hypertension. However, it 
did not improve adherence to risk assessment, laboratory 
examination, and non-pharmacologic treatment. This could 
be due to the inadequacies of the app in these domains 
implying the need for app improvement. This also implies 
that the residency training program may need to evaluate how 
these domains are taught and practiced. Additionally, time 
constraints for comprehensive patient chart documentation 
might have influenced these clinical domains' lack of 
significant improvement.

The study had limitations. First, the enhanced knowledge 
and adherence observed among FCM residents during 
the 2-month intervention may be influenced by other 
educational activities and increased patient interaction, so the 
improvements may not be solely attributed to the mHealth 
app. Second, the absence of an experimental design featuring 
a control group may have affected the management of 
confounding variables and the study’s internal validity. Finally, 
the assessment of adherence relied on medical chart audits, 
which may not capture the full spectrum of clinical practice 
due to missing data. 

The Hypertension Now app must go beyond novelty 
by enhancing its maturity and technology readiness level, 
following the WHO and NASA criteria.33 Currently, the app 
stands at prototype 1 maturity stage, tested by only 32 resident 
physicians. However, it has reached technology readiness 
level 5, signifying validation in a relevant environment, i.e., 
the outpatient clinic setting of DFCM. The app’s usability 
and effectiveness shown in this study serve as foundations for 
potential larger-scale testing. Further research should explore 
its implementation among a broader group of physicians or 

medical students across diverse institutions. Additionally, 
conducting longer-term impact assessments could provide 
insights into sustained knowledge retention and potential 
effects on patient outcomes.

CONCLUSION

The mobile health application, Hypertension Now 
was usable and effective in increasing the knowledge and 
guideline-adherent practices of Family and Community 
Medicine residents in managing hypertension. While the 
app proved valuable in improving guideline-adherent physical 
examinations, diagnostics, and pharmacological treatments 
for hypertension, it did not improve adherence to risk 
assessment, laboratory examination, and non-pharmacologic 
treatment. These findings contribute to the expanding body 
of evidence regarding integrating mobile health applications 
into medical training programs and practice, potentially 
benefitting healthcare practitioners and patient outcomes.
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