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Background and Aim: The COVID-19 pandemic has transformed the way healthcare is delivered by the increased utilisation of 
eHealth tools to deliver remote patient consultations. These eHealth tools served various functions during COVID-19 including 
monitoring and surveillance of patients. Therefore, assessment of digital health interventions for monitoring medication adherence is 
crucial to maximise the potential benefits of eHealth. The aim of this study is to understand the perspectives of experts in medication 
adherence around eHealth interventions used to aid adherence during COVID-19.
Methods: The study was exploratory and utilized a mixed-method approach. Data was gathered from a survey distributed by the International 
society for Medication Adherence, and from arranging subsequent structured interviews. Purposive sampling was used to collect data from 
individuals who were rich in knowledge about the field of medication adherence. Template analysis was used to analyse the collected data.
Results: Twenty-one participants responded to the survey and 6 completed the interviews. Results showed that eHealth tools reduced 
barriers to medication adherence by improving health literacy of patients. The main strengths of eHealth technology used in COVID-19 
highlighted by participants were convenience and user empowerment. Moreover, weaknesses and barriers included lack of cooperation 
between technology providers, lack of awareness of doctors about eHealth and patient’s digital health literacy.
Conclusion and Future Directions: The increased utility of eHealth tools during COVID-19 highlighted their vital role in aiding 
medication adherence of patients. These technologies have both decreased and increased barriers to medication adherence through 
numerous ways. Future directions should focus on gaining the perspectives of patients on the use of eHealth interventions and its role 
in aiding medication adherence.
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Introduction
Medication Adherence and Its Impact
Medication adherence is defined by Virjens et al as “the process by which patients take their medications as prescribed”, with 
the key components of this being initiation, implementation, and discontinuation.1 Lack of medication adherence can have 
dramatic health consequences on the individual patient and even wider economic loss to the healthcare system and society.2 

Failure to adhere to prescribed drug regimens results in wastage of medicines and can lead to poor patient outcomes.3 It is 
estimated that 30–50% of patients taking medicine for chronic medications discontinue their prescribed medicine, costing 
England £300 million annually on wasted medicines.4 There are also resultant costs of avoidable illness, hospital admissions, 
increased number of sick days and decreased productivity which is damaging to the overall economy.4 Overall, worldwide, the 
non-adherence to medication is approximated to waste $100 billion in preventable medical costs and cause 125,000 
preventable deaths per year.5

Digital Health (eHealth) Interventions
Digital healthcare technology can be defined as the healthcare services and health information provided using the internet, 
computers, mobile devices and information technology to facilitate healthcare delivery and improve quality of life.6 Digital 
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health interventions are categorised by El Benny et al into those that are mobile-based, web-based, telehealth interventions, as 
well as electronic health records.7 Digital health interventions aiming to support individuals in adhering to their medications 
often incorporate key elements into their design, such as electronic medication-intake reminders, patient educational material, 
and patient feedback.8 Other, more novel, digital health interventions aiming to support individuals in adhering to their 
medications may include the use of artificial intelligence (AI), with AI-based chatbots that are able to provide tailored patient 
support growing in popularity.9

Numerous studies in the literature highlight the favorable outcomes associated with using digital health interventions to 
assist patients in adherence to their medication regimens. For instance, a study by Márquez Contreras et al described using the 
AlerHTA smartphone app to improve participant hypertension control through electronic reminders and educational 
material.10 Positive results were reported, which included improved adherence to hypertensive medication.10 Similarly, 
a study by Senoo et al described using the SmartAF app to improve adherence to anticoagulant therapy in elderly participants 
with atrial fibrillation.11 The app supported participants through electronic reminders and patient engagement, with the study 
reporting improved adherence to anticoagulant therapy.11

Whilst advantages of using smartphone apps to improve medication adherence include the extensive range of available 
features and the ability to be implemented in a wide range of settings, limitations might include the exclusion of those who do 
not own a smartphone, the knowledge and skill of individuals, as well as issues regarding data security.12,13

COVID-19 and eHealth
During the COVID-19 pandemic, patients with chronic conditions became distanced from healthcare due to the unmet 
clinical demands on healthcare professionals and resources.14,15 In addition, the COVID-19 pandemic has transformed 
the way that healthcare is delivered by the increased utilisation of eHealth technologies, such as to deliver remote patient 
consultations.15 Other examples include the use of eHealth technologies during COVID-19, such as apps and virtual 
reality, to promote physical activity,16,17 or for behaviour management.18

Statement of the Study
The impact of COVID-19 pandemic on medication adherence and the eHealth tools used to tackle this issue warrant 
further research.19,20 One systematic review aiming to determine the evolution of digital health technologies used in 
primary care during the COVID-19 pandemic showed that “monitoring and surveillance” was one of the main purposes 
of using eHealth during this period.21 Hence, assessment of digital health interventions for monitoring medication 
adherence is crucial to maximise the potential benefits of eHealth.

The aim of this research is to understand the perspectives of experts in medication adherence in relation to assessing 
eHealth interventions used to improve medication adherence during the COVID-19 pandemic. This will be achieved by 
analysing a survey distributed by the International Society for Medication Adherence (www.ESPACOMP.eu) to medica-
tion adherence experts and arranging subsequent structured interviews, which are the objectives of this research.

The main research questions included i) what are the digital resources available to aid medication adherence during 
COVID-19? ii) their functionalities, iii) their strengths and weaknesses, iv) how do they increase/decrease barriers to 
adherence? v) what is the effect of COVID-19 on adherence?

Materials and Methods
Study Design
The study was exploratory and utilized the mixed-method approach to analyze the primary and secondary data.22 The 
secondary data was collected from a whole survey carried out by the International Society for Medication Adherence 
(ESPACOMP), and the primary data was collected from interviews with a sub-sample of survey respondents who agreed 
to attend a follow-up interview. The timing of the mixed-method research components can be described according to 
simultaneity and dependence.23 The two components of this study had a sequential design, as the survey data were 
collected before conducting the interviews. In addition, the two components were dependent, as the interview questions 
depended on the outcome of analysis of the survey data.
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Furthermore, there was integration of the survey and interview components through the “methods” and “interpretation 
and reporting levels” of research.24 In the “methods” level, there was integration through connecting and building 
approaches.24 The connecting approach meant that the databases of the survey and interview were linked through 
sampling, as participants for the interview were a sub-sample of respondents from the survey.24 The building approach 
meant that the data collection of the survey informed the data collection of interviews, with the latter component building 
on the former.24 In the “interpretation and reporting” level, a narrative contiguous approach was utilised in which the 
analysed data from the two components were reported in a single report but in different sections.24

Overall, the purpose of mixed-method research approach in this study was complementarity to allow elaboration, 
enhancement, illustration, and clarification of the survey results with the results from the interviews to examine the 
research questions.22

Participants
This study employed a purposive sampling technique to collect primary data from individuals who were rich in 
knowledge about the field of medication adherence. This is widely used in qualitative research to identify and select 
information-rich subjects for most effective use of limited resources.25

Eligibility for the Participation in the Interview
The study utilized the following criteria for participation in the interview:

1. Experience in the field of medication adherence during COVID-19
2. To be a member of ESPACOMP
3. Answered the survey circulated from ESPACOMP
4. Provided consent to be contacted for a follow-up interview

Survey
ESPACOMP administered a survey in September 2021 asking 2400 ESPACOMP members prior to an annual interna-
tional conference, held on 8–19th of November 2021, about their experience with eHealth technologies available for use 
during COVID-19. This society is an interprofessional association that aims to understand the reasons for medication 
non-adherence and to develop interventions supporting medication adherence. The survey included 5 open-ended and 2 
closed-ended questions that aimed to assess eHealth interventions used for medication adherence during COVID-19 and 
to assist in the planning of an interprofessional roundtable at the ESPACOMP conference (Box 1). The questions in this 
survey assessed the members’ awareness of the available technologies, their effectiveness, and what barriers they might 
introduce in relation to medication adherence. In addition, the survey invited respondents to provide their contact details 
for a follow-up structured interview.

Box 1 Survey Sent to ESPACOMP Members to Investigate the eHealth Interventions Used to Aid Medication 
Adherence During COVID-19

1) In your recent experience, what digital health tools that may impact medication adherence are you aware of being used 

during COVID-19?

2) How do these tools eliminate barriers to medication adherence? Are you aware of what level of evidence supports the 

tools’ effectiveness

3) How do these tools create barriers/complexity for medication adherence, or contribute to potential health inequality?

4) Of these tools, what is likely to stay post-COVID?

5) Is there anything else you would like to mention regarding the impact of digital health tools on adherence?
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Interview
Survey respondents who consented to be re-contacted were invited to a Microsoft Teams meeting with the researcher. 
Structured interviews included 4 closed- and 6 open-ended questions (Box 2). The closed questions gathered the job title, 
location, gender and years of experience in the field of medication adherence for the interviewees. The open-ended 
questions allowed discussions about digital health tools used during COVID-19, the functions available within these 
technologies, and how COVID-19 may have affected medication adherence based on evidence/anecdote/experience. In 
addition, a novel topic of medication adherence in the context of COVID-19 non-vaccine treatment was discussed.

Survey and Interview Development
The draft survey was reviewed by two content experts for content assessment and validity, by considering any edits or 
suggestions. These experts were working and had expertise in the area of medication adherence.

A combination of closed, fixed response and standardised open-ended interview approaches were used in the 
development of the structured interview questions.26 The questions were developed using an iterative process 
between the medical student and an expert in the area of medication adherence. A pre-testing of the interview 
questions was conducted on one key informant in the study area. Following pre-testing, some questions were re- 
designed, added or removed in the final interview question template. During the interview, the quality of data 
collected was checked using the member checking method. This involves debriefing the analytical results with 
participants for agreement.27

Data Analysis
The responses to the survey were thematically analysed using NVivo12 software. The interview audio recordings were 
transcribed and thematically analysed using template analysis.28 This is a form of thematic analysis which emphasises the use 
of hierarchical coding in which broader themes derived encompass narrower subthemes. It is based upon a priori themes 
(themes determined before coding) and offers flexibility by allowing adaptation of themes for the needs of the study.28

In this study, a list of pre-defined themes was gathered from responses of the ESPACOMP survey. The list of themes 
was subject to further addition, removal or adjustment depending on the themes encountered with the same participants 
during the interview.28 The recorded audio of the interview was transcribed using NVivo12 software. The audio 
transcripts were coded; this meant that the themes identified in the transcripts were given a label from the pre-defined 
themes to index them.28 An initial template was produced after a sub-set of transcripts are coded.28 Once all transcripts 
were coded, a final template was produced to interpret and write up the findings.28

Box 2 Layout of the Structured Interview

1) What is your job title?

2) Where are you based?

3) What is your gender?

4) How long have you had experience in the field of medication adherence?

5) What digital resources are you aware of being available to aid medication adherence during COVID-19?

6) What are the functions available within the digital eHealth interventions for patients? Generally, and specifically in 
relation to COVID-19

7) What are the strengths and weaknesses of the eHealth interventions that you are aware of/familiar with?

8) How do eHealth interventions decrease/increase barriers to medication adherence?

9) What is the effect of COVID-19 on adherence to medicines for chronic diseases? Based on evidence/anecdote/ 

experience

10) What are the key issues concerning medication adherence in the context of non-vaccine COVID-19 treatment?
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Consent and Anonymization
Participants were provided with an information sheet and a consent form which were sent 2 weeks before the proposed 
interview date to allow enough time to make an informed decision. The participants also consented to the publication of 
anonymized responses. Identifiable information in audio recordings was removed during qualitative analysis.

Ethical Approval
Ethical approval was granted by the School of Medicine Research Ethics Committee of Cardiff University. SREC 
reference: SMREC 21/92

Results
Survey
Twenty-one people responded to the survey. The themes and sub-themes identified in the survey are summarised in 
Table 1.

eHealth Tools Used During COVID-19 That May Impact Medication Adherence
Respondents were aware of a range of eHealth technologies, covering applications of telemedicine, mobile apps and 
electronic pill caps (MEMS). Others included electronic prescription service (EPS), online health counselling and 

Table 1 Assessment of eHealth Interventions Used for Medication Adherence During COVID-19, Gathered 
from Survey

Theme Subthemes

1) eHealth tools used in COVID-19 a) Telemedicine
b) Mobile apps
c) Electronic pill caps

d) Electronic Prescription Service

e) Online health counselling
f) Decision aid websites

g) Electronic health records

2) Ways eHealth tools eliminate barriers to medication adherence a) Improved patient health literacy
b) Increased monitoring by healthcare professionals

c) Medication reminders
d) Adherence feedback

e) Ease of ordering prescriptions

f) User empowerment
g) Increased patient motivation

h) Improved patient safety

3) Ways eHealth tools create barriers to medication adherence a) Digital literacy
b) Access to technology

c) Access to internet

d) Affordability
e) Complicated jargon

f) Excessive data

4) eHealth tools likely to stay after COVID-19 a) Telemedicine
b) Mobile apps

c) Electronic health records

d) Electronic pill caps
e) Decision aid websites

f) Online health counselling
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decision aid websites (Table 1). Eight out of 21 respondents reported telemedicine as being used during COVID-19. For 
example, one mentioned in the survey:

We have been using secure teleconsultation platforms since the first confinement when dispensing medicines available in the 
hospital. 

In addition, 7/21 of respondents stated mobile apps and others mentioned electronic health records (EHR), such as EPIC 
platform. Also, MEMS were used and sometimes linked to EHR to provide medication adherence information, as one 
stated:

I am not using them, but electronic pill caps can likely also be synched with EHR as part of remote monitoring programs. 

Ways eHealth Tools Eliminate Barriers to Medication Adherence, and Their Effectiveness
Respondents believed that eHealth technologies improved medication adherence through a variety of ways including 
improved patient health literacy, increased monitoring by healthcare professionals, increased patient motivation and 
easier access to medications. Other ways included ease of ordering prescriptions, providing medication reminders and 
adherence feedback for patients which may contribute to empowering the user and increase patient motivation (Table 1). 
One participant commented in the survey on the effectiveness of decision aid website, stating that it was unclear:

I’m aware of the level of the evidence available about decision aids, effectiveness is unclear at this point and more research 
needs to be done. 

Ways eHealth Tools Create Barriers to Medication Adherence
The greatest reported barrier, mentioned by 12, was the digital literacy of patients. Other barriers included access to 
internet and technology, affordability, complexity and excessive data (Table 1). One respondent summarised the views of 
many in the survey:

Availability of digital tools is better in richer countries. Richer, higher-educated and younger patients use more often support 
tools/ digital tools… but sometimes not to other patients e.g. elderly. 

eHealth Tools Likely to Stay Post-COVID
EHR, MEMS, online counselling and use of websites were each supported by 1 respondent, while mobile apps and 
telemedicine were supported by 6 (Table 1).

Interview
Overall, out of the 21 respondents of the survey, 14 provided their contact details to be contacted for a follow-up 
interview. These fourteen subjects were contacted, and 6 people completed the interview. One person declined the 
invitation, and others did not respond despite reminders. The sample consisted of 3 females and 3 males, with experience 
in medication adherence ranging from 2 to 21 years. This included 2 PhD candidates undergoing research in development 
and validation of medication adherence, a psychologist working as project manager for the digitalization of the electronic 
records, a pharmacist, an associate professor of medicine, and a CEO of a drug adherence solution company. They were 
based in Brazil, Colombia, Denmark, Italy, Netherlands and Switzerland. The duration of the interview was between 30 
mins and 73 min (mean: 49 min). The data obtained was explored around 6 a priori major themes including (i) eHealth 
functionalities, (ii) strengths, (iii) weaknesses, (iv) barriers to adherence using eHealth, (v) effect of COVID-19 on 
adherence, (vi) non-vaccine COVID-19 treatment adherence issues. These were further divided into sub-themes after 
coding as shown in Table 2.
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eHealth Functionalities
The reported main functionalities of eHealth included providing adherence feedback, communication between patients 
and healthcare professionals, hypertension monitoring, medication reminders, patient education, pill identification, 
prescription renewal and gamification (Table 2).

eHealth Strengths
The strengths discussed by the interviewees were user empowerment, convenience and patient reassurance. The other 
strengths were more specific for healthcare professionals which included providing data for research, and the relative 
easiness in development of technology (Table 2). One interviewee mentioned:

It’s in the patients’ hands, so the patient is the one who actually decides and has the all the power and all the information. 

eHealth Weaknesses
A main weakness provided by 4/6 interviewees was the lack of cooperation between technology providers. Other 
weaknesses included the lack of quality filter and complicated procurement pathways (Table 2). One interviewee 
summarised the view of many:

Table 2 Assessment of eHealth Interventions Used for Medication Adherence During COVID-19, 
Gathered from Interviews

Theme Subthemes

1) eHealth functionalities a) Adherence feedback
b) Communication

c) Hypertension monitoring
d) Medication reminders

e) Patient education

f) Pill Identification
g) Prescription renewal

h) Gamification

i) eHealth strengths a) User empowerment
b) Convenience

c) Patient reassurance

d) Data for research
e) Easiness in development

a) eHealth weaknesses a) Lack of cooperation between technology providers
b) Lack of quality filter
c) Complicated procurement pathways

d) Barriers to adherence using eHealth a) Digital health literacy
b) Lack of awareness from doctors about eHealth
c) Lack of human contact

d) Access to technology

e) Mistrust of data security

f) Effect of COVID-19 on adherence a) Decreased in patients taking aspirin
b) Decreased in patients taking methotrexate

c) No effect

g) Non-vaccine COVID-19 treatment adherence issues a) Lack of access to treatment
b) Lack of guidelines
c) Media portrayal

Abbreviations: eHealth, digital health; ESPACOMP, The International Society for Medication Adherence; MEMS, electronic pill caps; 
EPS, electronic prescription service; EHR, electronic health records.
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Each organisation, so each pharmacy, each hospital, each general practitioner will have its own platform or app, or web based… 
there is a multitude and there’s not a lot of cooperation. 

Barriers to Adherence Using eHealth
The main barrier stated by all interviewees is digital health literacy of patients. This was followed by the lack of 
awareness from doctors about the eHealth tools available, mentioned by 3 subjects. Other barriers stated were lack of 
human contact, access to technology and mistrust of data security (Table 2). An interviewee mentioned:

They are built for by highly educated people, but the average patient is a low educated person. 

Moreover, a psychologist stated:

Human life needs humans. And so, in my opinion, whatever way in this this modern world could be invented to increase 
patients’ adherence must always be supported by a human being. 

Effect of COVID-19 on Adherence
Three participants stated that COVID-19 has caused a lower medication adherence. Reasons included lack of access to 
medication and lack of attention from healthcare services. One participant stated that adherence was reduced in a specific 
patient group taking aspirin due to the belief that anti-inflammatory tablets led to worse outcomes in COVID-19 patients. In 
addition, another interviewee mentioned reduced adherence of methotrexate among patients due to concerns about its effect on 
COVID-19. Moreover, 1 participant stated that there was no effect in their country Switzerland, and 2 did not know (Table 2).

Non-Vaccine COVID-19 Treatment Adherence Issues
All participants did not know any specific adherence issues relating to this topic. Three participants highlighted other 
issues not directly related to adherence such as lack of access to such medications and lack of guidelines. One participant 
emphasised that media portrayal will be of high importance for adherence (Table 2).

Discussion
This study assessed eHealth interventions used during COVID-19 that may impact medication adherence. The results 
showed that eHealth reduces barriers to medication adherence by enhancing patient education and improving health 
literacy. However, factors such as digital literacy of patients, lack of awareness from doctors, access to internet and 
technology create barriers to eHealth and contribute to health inequality.

The interview results have shed more light on the strengths and weaknesses of such eHealth tools. Strengths included 
user empowerment and convenience for patients as it is easier and faster to get in contact with a healthcare professional 
through a chat function or video call. The greatest weakness was the lack of cooperation between technology providers 
which results in duplication of efforts between them. More importantly, this also means that in countries where healthcare 
is not centralised, the different healthcare providers of the same patient are unable to see patient’s medical information 
from the different eHealth platforms.

A strength of this study was that a large, international community of experts in medication adherence was 
approached. Limitations include the small sample size from both the survey and interview participants representing 
less than 1% of survey recipients, which limits the generalisability of results. In addition, there was no opportunity to test 
for the reliability of survey questions by calculating the intraclass correlation coefficient.

The barrier to digital health literacy can be regarded as a convergence of digital literacy and health literacy.29 

According to systemic review to integrate definitions, health literacy can also be grouped into 4 dimensions including 
accessing, understanding, appraising and applying health information to decide to maintain and improve health.30 

Sorensen et al reported that almost 50% of European population have limited health literacy according to a survey 
carried out.31 The limited health literacy was more common in groups of social deprivation, low social status, low 
education and old age.31 More patient education needs to be considered to address the digital and health literacy.
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The reported reduction of medication adherence of aspirin during COVID-19 in this study due to concerns among patients 
is contradictory to the limited literature data on aspirin adherence during COVID-19. One study has found no change in 
adherence of aspirin in 166 patients with chronic coronary syndromes.32 However, this data was obtained 4 weeks after the 
French lockdown with a relatively small sample size and does not reflect what happened in other parts of the world. Several 
studies have shown no association between NSAID use and worse outcomes for COVID-19 patients.33,34 In fact, some studies 
have shown beneficial effect of aspirin by reducing infection risk and mortality of COVID-19.35

Moreover, in this study, the reported reduced medication adherence of rheumatology patients taking methotrexate due to 
concerns about its effect on COVID-19 is supported by another research study. This showed 14% of patients with rheumatic 
disease decreasing or stopping their antimetabolite medication which includes methotrexate.36 Moreover, further studies have 
highlighted a reduction of medication adherence during COVID-19 across various conditions such as epilepsy and 
glaucoma.37,38 A systematic review by Olmastroni et al assessed the impact of COVID-19 on medication adherence of 
many chronic conditions such as inflammatory bowel disease, COPD, osteoporosis, psoriasis and others.39 Overall, they 
showed that adherence to the chronic therapies were reduced during COVID-19; some examples included biologics, controller 
inhalers and denosumab injections. Reasons for decreased adherence were difficulty in reaching physicians, fear of infection 
and unavailability of medications.39 They also showed that for some therapies, where patients were not required to attend the 
clinic, the use of telemedicine was crucial to ensure continuity of treatment.39 More research on medication adherence during 
COVID-19 is warranted across other chronic medical conditions.19

Conclusion
Assessing the eHealth technologies used during COVID-19 to aid medication adherence is crucial to improving healthcare 
accessibility and public health. The survey complemented by the structured interview results highlighted how eHealth 
decreased or increased barriers to medication adherence during COVID-19. Factors such as improving health literacy 
decreased the barriers to medication adherence, whereas the main barrier to adherence was the digital literacy of patients 
followed by the lack of awareness from doctors about eHealth. Moreover, convenience for patients was an attractive feature 
of using eHealth, but the lack of cooperation between technology providers literacy remained a challenge especially during 
the difficult times of COVID-19. The reported changes in medication adherence in specific pharmacotherapies including 
aspirin and methotrexate added further insight to the limited literature available. Overall, this study sheds light on the 
barriers, strengths and weaknesses of using eHealth to aid medication adherence during COVID-19. It also highlighted the 
need to increase awareness of eHealth tools among healthcare professionals and improving patient digital health literacy.

The limitations of the study included the relatively small sample size of participants, even though a large international 
community of experts in medication adherence was approached. Future research should focus on gaining the perspectives 
of patients on the use of different eHealth interventions and its role in aiding medication adherence.
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