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Abstract

The advances in digital health, including mobile healthcare (mHealth) medication adherence

applications (MApps), have been demonstrated to support medication adherence and

improve health outcomes. This study aims to evaluate the knowledge and perception of the

MApps among pharmacists and pharmacy students. An online cross-sectional survey was

conducted among 223 pharmacists and pharmacy students in the Jazan region of Saudi

Arabia between 1st and 30th April 2023. The survey collected information about the partici-

pants’ socio-demographics, knowledge, and perception of the MApps. Among the 223 par-

ticipants included in the study, 105 (47.1%) were pharmacists and 118 (52.9%) were

pharmacy students. Most participants were females (72.6%) and aged 18–30 (70.4%).

About half of the participants had poor knowledge of the MApps [pharmacists (48.0%) and

students (42.0%)] and mainly encountered Medisafe (18.1%) or Pills (17.0%) MApps,

respectively. Pharmacy students showed significantly higher knowledge of MApps (p =

0.048), especially the Pills (p = 0.022) than pharmacists. However, the pharmacists had sig-

nificantly higher knowledge of MyMeds (p = 0.001) than pharmacy students. Most partici-

pants had a positive perception of the usefulness of the MApps (pharmacists, 79.0%;

students 80.0%). Notably, over 85% of the participants expressed willingness to know and

provide guidance on MApps, with over 50% willing to recommend it to the patients. There

was no significant difference in perception between the pharmacists and pharmacy students

(p>0.05). In conclusion, the study demonstrates limited knowledge with a positive percep-

tion of mHealth medication adherence applications among pharmacists and pharmacy stu-

dents. Integrating digital adherence tools like the MApps into pharmacy training could

significantly improve professional practice mHealth competencies, and optimize healthcare

delivery and patient outcomes.
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Introduction

Chronic diseases are the leading causes of death, disabilities, and healthcare costs globally

[1, 2]. Chronic diseases can be effectively managed through long-term medication and lifestyle

support, with medication adherence playing a pivotal role in improving health outcomes

[3–5]. Medication non-adherence remains an issue of public health concern, especially in

those people living with chronic disease [6, 7]. Moreover, the prevalence of chronic diseases

and the number of individuals requiring long-term medication therapy are on the rise with the

global increasing life expectancy [7]. Consequently, individuals who do not adhere to their

medications are at risk of poor treatment outcomes [8]. Recognizing the critical nature of

adherence, the World Health Organization (WHO) has identified medication non-adherence

as a priority healthcare problem that is preventable [9].

Medication adherence is a complex behavior influenced by multiple factors spanning patient,

provider, and health system-related domains [10]. Three distinct methods are commonly

employed to assess medication adherence: patient self-reports, medication refill data, and elec-

tronic monitoring devices [11–13]. While self-reporting is susceptible to recall and reporting

bias, refill records merely indicate the quantity of prescribed medication without confirming

actual consumption. Electronic devices are often considered the gold standard for adherence

assessment due to their ability to record dosing events and timing [12]. Measuring adherence

through prescription drug refills can be a cost-effective and practical approach if a standardized

medication regimen is in place [14]. This indirect method allows for assessing adherence rates

without the patient’s knowledge, enhancing the accuracy of estimates [15]. However, it does

have limitations, such as the inability to classify irregular refill patterns and the assumption that

a filled prescription equates to medication consumption. Electronic monitoring devices such as

mobile medication adherence apps could be the best cost-effective alternative.

Mobile healthcare (mHealth) medication adherence applications are new advancements in

digital technology to improve medication adherence and health outcomes [16]. The mHealth

represents a versatile and interactive solution that bridges the gap between SMS reminders and

electronic pillboxes, offering a more affordable and practical alternative [16, 17]. The accessi-

bility, affordability, and diversity of medication adherence apps make them a compelling

choice for managing chronic diseases. These mobile apps offer a range of features, including

medication reminders, which can significantly assist patients in adhering to their prescribed

regimens and minimizing medication errors [16]. However, the mHealth medication adher-

ence apps approach would require adequate knowledge and competence of the healthcare pro-

fessionals, especially the pharmacy professionals, which has not been explored.

Over the last few years, the number of smartphone users in Saudi Arabia has risen steadily,

exceeding 30 million [18]. As a result, the market has witnessed a surge in mHealth apps.

Mobile technology’s rapid evolution has made it a ubiquitous presence in healthcare, and

leveraging mHealth apps can enhance patient medication compliance, optimize outcomes,

and reduce medication wastage [19]. Although there are many mobile apps for medication

adherence, there is limited evidence of their understanding among healthcare professionals,

especially those in pharmacy. One review study on cardiovascular disease suggested that

mobile apps effectively improved medication adherence [20]. However, the main target of the

study was patients’ clinical outcomes rather than medication adherence. Globally, the most

common medication adherence mobile apps are identified as Medisafe, MyMeds, and Pills
[21]. A study found that Medisafe improved awareness of medication adherence and reduced

self-reported barriers [22]. Understanding the perspective of health professionals, especially

among pharmacy stakeholders, could support patients’ optimal utilization of the apps to

improve treatment outcomes.
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Pharmacists play a crucial role in improving medication adherence [23]. Pharmacists’ most

significant role is to support the patients in identifying techniques to improve medication

adherence and, consequently, health outcomes [24]. Despite the critical role of medication

adherence mobile apps in improving patients’ outcomes, there is a lack of evidence on the level

of knowledge of pharmacists and pharmacy students regarding mHealth apps. Therefore, to

improve medication adherence among end-users through mHealth-based apps, it is impera-

tive to understand the perspectives of the key stakeholders in the pharmacy profession. There-

fore, this study aimed to assess the knowledge and perception of mHealth medication

adherence applications among pharmacists and pharmacy students in Jazan, Kingdom of

Saudi Arabia.

Materials and methods

Study design

A cross-sectional study was conducted among pharmacists and pharmacy students in the Jazan

region of the Kingdom of Saudi Arabia (KSA), between 1st and 30th April 2023. Data were col-

lected using a structured self-administered online survey developed using Google Forms, that

assessed the knowledge and perceptions of mHealth medication adherence applications

(MApps). The study adhered to the guidelines outlined in the Standard Reporting System for

Observational Studies (STROBE) [25], and as utilized elsewhere [26, 27]. The STROBE checklist

was incorporated into our study reporting to ensure transparency and methodological rigor.

Study population and setting

The study encompassed a diverse population of adult pharmacists aged 18 years and above

who are employed in various sectors, such as public and private hospitals, as well as commu-

nity pharmacies and NGOs within the Jazan region of the KSA. Additionally, adult pharmacy

students aged 18 years and above who are enrolled at the Pharmacy College of Jazan University

from all academic levels were included in this study. The study excluded individuals who

declined to participate and those outside the pharmacy profession. Our study attempted to

cover the general scope of the pharmacy profession from training (pharmacy students) to prac-

tice (pharmacists).

Sample size and sampling method

The minimum sample size for the study was estimated based on the prevalence and proportion

formula using OpenEpi: Open Source Epidemiologic Statistics for Public Health online soft-

ware version 3.01 [28]. Population size of the targeted participants (N): 1,000; Hypothesized

(%) frequency of outcome in the population (p): 50% +/-5; Confidence limits as % of 100

(absolute +/%) (d): 5%; Design effect (DEFF): 1; Z is a constant = 1.96 for 95% confidence

interval (CI). Therefore, the minimum required sample size for the study was estimated to be

213. The study participants were recruited through convenience, and snowball sampling meth-

ods were employed to improve the representation of the responses. These sampling

approaches were chosen for their practicality, ease of implementation, and cost-effectiveness,

aligning with the study’s goals of efficiently reaching a diverse online audience.

Data collection

Data collection was facilitated through an adapted structured survey tool designed to assess

knowledge and perception of MApps [29, 30]. The survey collected information related to the

participants’ socio-demographics, knowledge, and perceptions toward the MApps. The drafted
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survey was shared with three experts in pharmacy who confirmed all items to be relevant and

clear. A pilot study was conducted among fifteen pharmacists and pharmacy students (a total

of thirty participants) to verify the comprehensibility of the questionnaire. All questions were

deemed unambiguous. The internal consistency reliability of the survey tool was checked and

was found to be reliable with Cronbach alpha coefficients of 0.82 (knowledge domain) and

0.79 (perception domain). The responses from the pilot were excluded from the main study.

The final validated survey was disseminated to potential pharmacists within the study

frame (including university, hospitals and community pharmacies located within Jazan, KSA).

Additionally, the questionnaire was distributed across pharmacy students enrolled at the Col-

lege of Pharmacy, Jazan University, KSA. The online survey was distributed via popular social

media platforms, including Facebook, Telegram, and Twitter, and via emails to reach diverse

and representative pharmacists and pharmacy students.

Data analysis

Data analysis was performed using IBM SPSS Statistics version 28.0. To ensure data quality,

the data underwent thorough cleaning, consistency checks, and completeness verification.

Descriptive analysis techniques were applied to summarize and present the collected data, pro-

viding insights into participants’ knowledge and perceptions regarding smartphone-based

medication adherence applications. This approach facilitated the comprehensive characteriza-

tion of the study population and the elucidation of key findings in line with the STROBE

reporting guidelines [25].

Ethical statement

All procedures performed in studies involving human participants were in accordance with

the ethical standards of the Institutional Review Board (IRB) and the 1964 Helsinki Declara-

tion. The study was granted an exemption of ethical approval by the Research and Human Eth-

ics Standing Committee of the College of Public Health and Tropical Medicine, Jazan

University, Jazan, KSA, with the reference JAZANU/CPHTM/HRESC/01/03/23. The commit-

tee has determined that the survey study poses no undue risk to participants and is in line with

ethical standards for research involving human subjects. The committee also acknowledges the

voluntary nature of participation, the assurance of confidentiality and anonymity, and the rele-

vance of the study to the local context. All participants involved in this study provided online

written informed consent prior to their participation and as approved by the committee. Par-

ticipants were presented with detailed information about the study’s objectives, procedures,

and the potential risks and benefits of participation. The participants were then prompted to

select accept or reject options for participating in the study.

Results

Socio-demographic characteristics of study participants

Table 1 summarizes the socio-demographic characteristics of the included study participants.

The final analysis included two hundred and twenty-three (223) participants. The response

rate for the survey was 75%, calculated based on the number of completed surveys received

(223) out of approximately 300 who clicked the link invitations sent out. Participants were

mostly females 162 (72.6%), aged 18–30 years 199 (89.2%), and of Saudi origin 208 (93.3%).

The participants were distributed into pharmacists 105 (47.1%) and pharmacy students 118

(52.9%). Among the pharmacists, the majority had 1–3 years of experience 63 (63.6%), work-

ing in the hospital 43 (43.4%), community 29 (29.3%), or NGOs 27 (27.3%).
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Knowledge of mHealth medication adherence applications

Regarding the knowledge about mHealth medication adherence applications, about half of the

pharmacists 50 (48.0%) and pharmacy students 50 (42.0%) don’t know the MApps. The type

of MApps the pharmacists and students encountered were Medisafe 19 (18.1%) and Pills 20

(17.0%), respectively. There was a statistically significant difference in the knowledge of

MApps between pharmacists and pharmacy students (p = 0.048), with students showing

slightly more knowledge than pharmacists. In addition, pharmacists and students had a statis-

tically significant difference in using the MyMeds (p = 0.001) and Pills (p = 0.022) MApps,

with the pharmacists demonstrating more knowledge of the MyMeds and pharmacy students

having more knowledge of the Pills. Table 2.

Perception of mHealth medication adherence applications

Most of the participants agreed that MApps are useful [pharmacists 83 (79.0%) and pharmacy

students 94 (80.0%)]. They also agreed that the MApps are useful to all types of patients [phar-

macists 79 (75.0%) and students 89 (75.0%)]. The participants mostly agreed that the scenario

of using MApps was a reminder to take medicines [pharmacists 45 (43.0%) and students 58

Table 1. Socio-demographic characteristics of the study participants.

Parameters Frequency (%), N = 223

Gender

Female 162 (72.6)

Male 61 (27.4)

Age (years)

18–30 199 (89.2)

31–45 18 (8.1)

46–65 5 (2.2)

Above 65 1 (0.4)

Marital status

Single 157 (70.4)

Married 61 (27.4)

Divorced 5 (2.2)

Nationality

Saudi 208 (93.3)

Non-Saudi 15 (6.7)

Pharmacy qualification

Pharmacists 105 (47.1)

Pharmacy Students 118 (52.9)

Years of experience (pharmacists)

0–3 years 63 (63.6)

4–6 years 21 (21.2)

7–10 years 7 (7.1)

11 years or above 8 (8.1)

Area of practice (pharmacists)

Hospital 43 (43.4)

Community 29 (29.3)

NGOs 27 (27.3)

Keys: NGO = Non-governmental organizations

https://doi.org/10.1371/journal.pone.0308187.t001
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(49.0%)]. There was no statistically significant difference in the perception of MApps between

pharmacists and pharmacy students (p>0.05) Table 3.

Willingness to support mHealth medication adherence applications

The majority of the participants were willing to know more about the MApps [pharmacists 91

(87.0%); students 104 (88.0)], and willing to guide the patients on the use of MApps [pharma-

cists 91 (87.0%); students 106 (90.0%)], but with just about half willing to recommend the use

of MApps to the patient, relatives, or friends [pharmacists 58 (55.0%); students 68 (58.0%)]

There was no statistically significant difference in the willingness to support MApps between

pharmacists and pharmacy students (p>0.05) Table 4.

Discussion

This study was the first to investigate the knowledge and perception of mHealth medication

adherence applications among pharmacists and pharmacy students in Jazan, Kingdom of

Table 2. Knowledge of mHealth medication adherence applications.

Parameters Pharmacists, n (%)

(N = 105)

Pharmacy Students, n (%)

(N = 118)

p-values

MApps knowledge

Yes 55 (52.0) 68 (58.0) 0.048

No 50 (48.0) 50 (42.0)

MApps encountered

Medisafe 19 (18.1) 13 (11.0) 0.207

MyMeds 9 (8.6) 1 (0.9) 0.001

Pills 7 (6.8) 20 (17.0) 0.022

Keys: MApps = mHealth medication adherence applications

https://doi.org/10.1371/journal.pone.0308187.t002

Table 3. Perception of mHealth medication adherence applications.

MApps Parameters Pharmacists, n (%)

(N = 105)

Pharmacy Students, n (%)

(N = 118)

p-values

Overall usefulness

Yes 83 (79.0) 94 (80.0) 0.873

No 22 (21.0) 24 (20.0)

Usefulness to patients

All patients 79 (75.0) 89 (75.0) 1.000

Chronic disease 13 (12.0) 11 (9.0) 0.829

Communicable disease 1 (1.0) 4 (3.0) 0.366

Busy patients 5 (5.0) 5 (4.0) 0.837

Short memory 7 (7.0) 11 (9.0) 0.641

Approach for use

Application 31 (29.0) 37 (31.0) 0.771

Disease nature 14 (13.0) 6 (5.0) 0.159

Reminders 45 (43.0) 58 (49.0) 0.203

Counselling 14 (13.0) 13 (11.0) 0.831

Mixed (All) (0) 2 (2.0) -

Keys: MApps = mHealth medication adherence applications

https://doi.org/10.1371/journal.pone.0308187.t003
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Saudi Arabia. The current study found a significant proportion of the participants with limited

knowledge but a positive perception of the MApps. Addressing this gap through expanded

awareness programs during pharmacy training and professional practice could optimize the

end-user application of the MApps in improving medication adherence and overall treatment

outcomes. Moreover, the participants’ willingness to recommend the mobile apps emphasizes

the potential to enhance their professional competence and elevate their expertise and confi-

dence in chronic disease management. The significance of the study lies in its focus on a popu-

lation critical to the healthcare system, as pharmacists play a leading role in medication

management and patient education. Integrating digital health tools, such as MApps, in phar-

macy training and practice will advance the roles and improve patient outcomes.

The study revealed that nearly half of the participants, pharmacists and students, exhibited

limited knowledge of MApps. This features a critical gap in the awareness of mHealth tools

within the pharmacy profession. Using mHealth tools represents an advanced approach to

supporting medication adherence, demonstrating promising outcomes in some studies. One

study reported that very few participants had used a medication adherence app. Despite the

limited awareness, there was a noteworthy level of interest, with more than half of the respon-

dents expressing a strong interest in downloading the apps [31]. The lack of awareness could

also be attributed to satisfaction with traditional adherence methods and the possible missing

link from the healthcare providers, especially in the pharmacy, who take leading roles in medi-

cation adherence counseling.

The participants reported very low encounters with the most commonly available MApps,

including Medisafe, MyMeds, and Pills. These apps were developed to address non-adherence

issues [32]. They provide alerts to patients when it is time to take medication. Medisafe allows

patients to generate weekly medication adherence reports and monitor biometric measure-

ments. The app designates a "Medfriend" of their choosing, who is granted access to a patient’s

medication-taking history, receives alerts when doses are missed, and can provide peer sup-

port. A study found that Medisafe use in diabetes management was feasible and acceptable,

improved awareness of medication adherence, and reduced self-reported barriers to medica-

tion adherence [22]. This suggests that the mHealth Apps market holds a significant influence

over individuals’ choices when it comes to medication adherence Apps. Understanding the

factors contributing to the popularity of these specific apps can be valuable for developers and

Table 4. Willingness to support mHealth medication adherence applications.

Willingness Parameters Pharmacists, n (%)

(N = 105)

Pharmacy Students, n (%)

(N = 118)

p-values

Know MApps

Yes 91 (87.0) 104 (88.0) 0.786

No 13 (12.0) 11 (9.0)

Not sure 1 (1.0) 3 (3.0)

Guide on MApps

Yes 91 (87.0) 106 (90.0) 0.460

No 12 (11.0) 7 (6.0)

Not sure 2 (2.0) 5 (4.0)

Recommend MApps

Yes 58 (55.0) 68 (58.0) 0.757

No 44 (42.0) 41 (35.0)

Not sure 3 (3.0) 8 (7.0)

Keys: MApps = mHealth medication adherence applications

https://doi.org/10.1371/journal.pone.0308187.t004
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healthcare providers looking to optimize their impact. Providing in-depth training on the

functionalities and advantages of the widely used MApps can empower the pharmacists and

other healthcare professionals to recommend and guide patients effectively.

While mHealth apps (Medisafe, MyMeds, and Pills) hold significant promise as reminders

for dosing regimens, they often fail to address educational barriers and health literacy among

users. These challenges can be effectively tackled through service-driven support mechanisms

within the community pharmacy setting, ensuring patients understand their prescribed medi-

cations and associated dosing schedules clearly. An exemplary illustration of an advanced sys-

tem addressing medication adherence is SmartTrack, an innovative device designed to

enhance adherence to inhaler devices. Foster and colleagues [33] revealed that, after six

months, SmartTrack users exhibited significantly higher levels of medication adherence.

Despite the limited knowledge, the study found a positive perception of the usefulness of the

MApps and willingness to guide and recommend the app among pharmacists and pharmacy

students. This positive attitude is crucial for successfully integrating digital health tools into

pharmacy training and practice. It suggests that once educated about MApps, pharmacists, and

students will likely embrace these technologies as valuable resources for improving medication

adherence competence. Comparable to other regional studies in the KSA, one study reported

that most pharmacy students showed positive perceptions regarding telehealth apps (a more

generic mHealth tool) [34], and another study reported positive perception among healthcare

professionals and medical students on the use of technology to enhance adherence [35]. The

willingness expressed by over 85% of the participants to learn about and guide patients on

MApps signifies a potential readiness among pharmacists and students to incorporate MApps

into their professional activities. Harnessing this enthusiasm through structured training pro-

grams can lead to a more proficient and informed healthcare workforce.

The study has several limitations that should be considered when interpreting its findings.

Firstly, the composition of the sample may introduce bias. Most participants in this study were

females aged 18–30 from the Jazan region of Saudi Arabia. While this demographic profile

may be representative of the study’s specific geographical context, it may not accurately reflect

the broader diversity of pharmacists and pharmacy students in the entire country. Conse-

quently, the generalizability of the study’s findings could be limited. Secondly, the study’s

cross-sectional design, while valuable for capturing a snapshot of participants’ knowledge and

attitudes, does not provide insights into how these factors may change over time. Causality

cannot be inferred from cross-sectional data and important temporal trends or variations in

awareness and attitudes may be missed. Future research employing longitudinal designs could

offer a more comprehensive understanding of the evolution of knowledge and attitudes in this

context. Such studies can offer valuable insights into the effectiveness of educational initiatives

and the sustained benefits of digital health interventions in improving medication adherence

and, ultimately, patient health. Thirdly, the study relies on self-reported data, including partici-

pants’ knowledge levels, app usage patterns, and perception levels. This reliance on self-report-

ing introduces potential sources of bias. For example, participants may not accurately recall

their app usage or may provide responses that they believe are socially desirable. Future

research could consider supplementing self-report data with objective measures of app usage

and knowledge to mitigate such biases. Lastly, the study’s geographic scope is limited to the

Jazan region of Saudi Arabia. While this regional focus aligns with the study’s specific context,

it may not capture variations in healthcare contexts, digital health infrastructure, and digital

health adoption rates in other regions or countries. A broader geographic scope can provide

insights into potential regional variations and inform tailored interventions.

Despite these limitations, the study offers several notable strengths that enhance its value

and contribution to the field. Firstly, the study addresses a highly relevant issue in
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contemporary healthcare—the challenge of medication adherence among individuals with

chronic diseases. In doing so, it explores the potential of technology, specifically medication

adherence apps, to address this challenge. Given the increasing reliance on digital health solu-

tions in today’s technologically driven world, this research topic is relevant and important.

Secondly, the study benefits from a diverse sample, including pharmacists and pharmacy stu-

dents. This diversity allows for a broader perspective on the awareness and perceptions of

medication adherence apps among individuals at different stages of their healthcare careers.

Understanding how knowledge and attitudes vary between these two groups can provide valu-

able insights for educators and healthcare professionals. Thirdly, the study employs a rigorous

quantitative data collection and analysis approach. Using descriptive and inferential statistics

adds rigor to the study’s findings, providing quantifiable insights into the knowledge and atti-

tudes of the participants. This quantitative approach enables a structured and systematic exam-

ination of the research questions. Furthermore, the study’s findings have practical implications

for healthcare professionals and educators. It emphasizes the importance of educating phar-

macy students and practicing pharmacists about digital health tools and their potential role in

patient care. As digital health continues to play an increasingly prominent role in healthcare,

this emphasis on education and training is crucial for ensuring that healthcare providers are

well-prepared to navigate this evolving landscape.

Conclusions

Our study demonstrated a limited level of knowledge with a positive perception of mHealth

medication adherence applications (MApps) among pharmacists and pharmacy students in

Jazan, Kingdom of Saudi Arabia. The MApps offer an innovative means to improve patient

adherence to medication, thus optimizing treatment outcomes. There is substantial room for

improvement in promoting awareness of the apps among healthcare stakeholders, including

patients and healthcare professionals, through educational programs, workshops, or integrated

courses. Collaborative efforts with healthcare institutions can be pivotal in promoting mHealth

and fostering a culture of improved medication adherence. Furthermore, collaboration with

the app developers should be encouraged to ensure continuous MApps user feedback to

enhance features and overall user satisfaction.
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