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Abstract 

Background

Elevated low-density lipoprotein cholesterol is one of the major modifiable risk factors 

for cardiovascular disease. Lipid management is integral to primary and secondary 

prevention of cardiovascular disease, but undermined by high prevalence of non- 

adherence to lipid-lowering medications. Innovative, personalized multicomponent 

interventions may address the gaps in medication non-adherence. We aim to eval-

uate the effectiveness of a human coach-supported digital personal health assistant 

(mobile health app) intervention in improving adherence to statins in adults with 

hyperlipidaemia.
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Methods

AdLip is a multicentre, open-label, parallel, two-arms, randomized controlled trial 

aiming to recruit a minimum of 376 adult participants who are non-adherent to statins 

from primary care ambulatory clinic setting in Singapore. Participants recruited will be 

randomly assigned (1:1) to human-coach supported mobile health app intervention or 

control group. The primary outcome will be adherence to statins at 6 months, mea-

sured by Medication Adherence Report Scale-5. Secondary outcomes will include 

change in serum low-density lipoprotein cholesterol levels, health motivation and 

attitudes, self-efficacy, self-care behaviours, quality of life, app acceptability, user 

engagement, and cost-effectiveness. Outcomes will be analysed using intention-to-

treat approach.

Discussion

The AdLip trial will provide empirical evidence on a multicomponent approach to 

the long-standing challenge of suboptimal adherence to statins in a multi-ethnic 

Asian setting. Findings from this study may inform a more personalized approach 

to addressing non-adherence in the short term, and how it relates to cardiovascular 

disease prevention in the longer term.

Trial Registration: ClinicalTrials.gov NCT06614049.

Introduction

Elevated low-density lipoprotein (LDL) cholesterol remains one of the leading modi-
fiable risk factors for cardiovascular disease (CVD) [1]. Since 1990, the global CVD 
burden attributable to high LDL cholesterol has risen steadily, contributing signifi-
cantly to increases in disability-adjusted life years, years lived with disability, and 
years of life lost [1]. In Singapore, the incidence of acute myocardial infarction in 
patients with hyperlipidemia is projected to rise by 205% between 2025 and 2050, 
reaching 1041 per 100,000 population [2]. Lipid management is integral to the pre-
vention of CVD [3]. Statins can significantly reduce the risk of CVD events and mor-
tality in both primary and secondary prevention populations [4,5]. Although statins are 
highly efficacious and widely prescribed for lipid management [6,7], non-adherence 
to statins remains prevalent worldwide [8]. Approximately 60% of patients stopped 
taking statins within six months of initiation [9], and up to 75% discontinued statins 
by the end of first year [10]. This is concerning as statin non-adherence is associated 
with substantially increased risk of CVD and mortality [11].

Medication non-adherence is multifactorial. It can be influenced by a range of 
factors related to patients, their medical conditions, treatment regimens, the health-
care system, or socioecomonic circumstances [12]. Among patient-related factors, 
intentional factors are linked to beliefs or attitudes about the condition or medications, 
exposure to misinformation, expectations for improvement, and deliberate discontinu-
ation [13,14]. In contrast, unintentional non-adherence may result from forgetfulness, 
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poor understanding of medication schedules and dosages, low health literacy, and logistical barriers such as medica-
tion cost and transportation challenges [15,16]. For statins non-adherence, nocebo effect is a unique factor commonly 
reported as reason for discontinuation [17]. Multiple strategies can be used to improve adherence to medication. These 
include patient education, medication reminders, simplifying medication regimens, and providing incentives for adherence 
[18–20]. However, addressing medication non-adherence is challenging. Various contributing factors are likely to influ-
ence one another, thereby limiting the effectiveness of single-factor interventions [21]. The complex nature of medication 
non-adherence suggests that a multicomponent intervention is often required [22].

Mobile health apps (mHealth) are proven to be effective for chronic disease management and cardiac rehabilitation 
[23,24]. These technologies significantly improved medication adherence and health outcomes in patients with chronic 
diseases [25,26]. However, the improvements in medication adherence were difficult to sustain [27]. Additionally, user 
engagement is a key challenge that limits the effectiveness of mHealth interventions [28]. Health coaching has the potential 
to promote sustained behaviour change and enhance user engagement with mHealth apps. Through a person-centred and 
individualized approach, health coaches leverage a range of behavioural theories and principles to support individuals in 
achieving their health-related goals and improving overall well-being [29]. A systematic review showed that health coaching 
had positive effects on physiological, behavioral and psychological aspects of patients with chronic diseases [30].

Given the shared focus on personalised behavioural interventions in both mHealth and health coaching, their integra-
tion may offer synergistic benefits. This is supported by a scoping review indicating that mHealth and health coaching 
interventions could potentiate each other [31]. Although previous pilot trials demonstrated positive impact of combined 
mHealth and health coaching intervention on cardiac rehabilitation and chronic low back pain [32,33], its effect on med-
ication adherence is not known. Evidence from randomized controlled trials on the effectiveness of this multicomponent 
intervention is also scarce. In the AdLip trial, we aim to investigate whether a human coach-supproted mobile health app 
intervention improves adherence to statin therapy in adults with hyperlipidaemia.

We hypothesize that the use of a health coach-supported mobile health app intervention will improve adherence to  
lipid-lowering medications in adults with hyperlipidaemia. The primary objective is to evaluate the effectiveness of a 
human coach-supported mobile health app intervention on adherence to lipid-lowering medication in adults with hyper-
lipidaemia at 6 months when compared to usual care. Secondary objectives include evaluating the effects on serum LDL 
cholesterol, health motivation and attitudes, self-efficacy, self-care behaviours, quality of life, usability of the app, and 
cost-effectiveness of the intervention.

Materials and methods

Study design

AdLip is a multicentre, open-label, parallel, two-armed randomized controlled trial (RCT) comparing the use of health 
coach-supported mobile health app for adherence to lipid-lowering medications in adults with elevated LDL cholesterol 
compared with usual care at 6 months. The schedule of enrolment, interventions, and assessments can be seen in Fig 1. 
This protocol was prepared in accordance with the SPIRIT (Standard Protocol Items: Recommendations for Interventional 
Trials) Statement (S1 File) [34].

Participants

Inclusion criteria.  The trial will recruit participants from primary care ambulatory clinic setting who meet the following 
criteria: (1) Aged between 21–84 years old; (2) Prescribed or intent to restart statins with or without ezetimibe for lipid 
management; (3) Medication non-adherence as defined by the “Extent of Non-adherence” sub-scale of the DOSE Non-
Adherence Measure, with a score ≥ 1 (range from 0–3); (4) Singapore residents (citizens, permanent residents, or long-
term pass holders); (5) In possession of a smartphone or tablet with Android or iOS operating systems; (6) Have internet 
access on their mobile devices.
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Fig 1.  The schedule of enrolment, interventions, and assessments.

https://doi.org/10.1371/journal.pone.0346509.g001
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Exclusion criteria.  Participants will be excluded if they meet any of the following: (1) Does not read or understand 
English; (2) Current use of smartphone medication adherence app(s) that include statins; (3) Concurrent use of PCSK9 
inhibitors in addition to statins and/or ezetimibe; (4) Participation in another study that uses medications that could 
affect lipid levels; (5) Severe renal impairment defined as chronic kidney disease stage 4 and above; (6) Severe liver 
disease (e.g., Child-Pugh Class C); (7) Existing musculoskeletal-related complaints or diagnoses which may confound 
adverse event reporting; (8) Uncorrected thyroid conditions, especially poorly-controlled hypothyroidism; (9) Documented 
psychiatric diagnosis, history of mental illness, or deemed as unable to give informed consent; (10) Currently pregnant, 
breastfeeding, or expecting to get pregnant during the course of the study; (11) Guarded prognosis with expectant 
mortality within 12 months or less.

Study setting and recruitment

Trial participants will be recruited from multiple primary care ambulatory clinics in Singapore by clinical research coor-
dinators (CRC). Participants will be identified through electronic database pre-screening or referrals from the primary 
care team (PCT), including physicians, nurses, program managers, or pharmacists. If a patient expresses willingness to 
consider the study, their PCT will refer them to a CRC. The CRC will then approach the referred patients, screen for non- 
adherence using the DOSE questionnaire, and assess their eligibility based on the study’s inclusion and exclusion criteria. 
Eligible patients will receive verbal explanation of the study and a participant information sheet from the CRC. Informed 
consent will be obtained from participants in the presence of an independent witness.

Randomization, allocation concealment, and blinding

Enrolled participants who have completed the baseline assessment will be randomly assigned to the intervention group 
or the control group at a 1:1 ratio. A trial statistician who is not involved in the recruitment process will use a pre-defined 
study ID list to perform block randomization with random permuted block sizes of 4 and 6, using R statistical software 
package. Study allocation based on assigned Study ID will only be made known to the attending CRC and the patients 
after eligibility and informed consent are sought. Since the study mobile app will only be allocated to the intervention 
group, an open-label design is used and blinding of participants, PCT, CRCs, and study investigators is not possible.

Control

Participants in the control group will receive usual care consisting of scheduled consultations with their PCT at their 
respective primary care ambulatory clinic. They may also receive other forms of support during the consultations or other 
dedicated times, subject to their PCT’s clinical judgement. Licensed collaborative prescribing practitioners (i.e., clinical 
pharmacists) will follow up with participants to titrate lipid-lowering medications against their serum lipid levels. Blood cre-
atinine kinase and liver function tests are repeated when indicated.

Intervention

In addition to usual care, the intervention group will receive a 6-month multicomponent intervention delivered via a digital 
platform consisting of mobile health app, digital health coaching portal, and administration portal.

Health coach-supported mobile health app.  The CADENCE digital personal health assistant (D-PHA) is a multi-
component mobile health platform integrated with virtual health coaching. Developed by the study team, the D-PHA 
platform was designed to improve adherence to medications and lifestyle modifications through health education, 
improving their medication-taking behaviors, and adopting more healthy lifestyle behaviors. The behavioral change 
driven by the app was designed based on the established behaviour change technique taxonomy (v1) of 93 techniques 
hierarchically organized into 16 higher-order categories, including goals and planning, feedback and monitoring, social 
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support, shaping knowledge, and self-belief [35]. In addition, two newly proposed categories used in digital therapeutic 
interventions, which are personalization and gamification, were also incorporated. To augment participants’ lifestyle 
behaviours and promote adherence to medication, the app consists key features such as educational modules, 
medication reminders, conversational agent (rules-based chatbot), and in-app communication with health coaches.

Educational modules cover content related to medication therapy for lipid management and the sequelae of poor lipid 
management, developed by a multidisciplinary team of medical doctor, pharmacist, and health psychologist. The content 
was structured based on Health Belief Model and Transtheoretical Model of Change [36,37]. To ensure clinical accuracy 
and contextual relevance, an expert review panel consisting of primary care physicians, cardiologist, pharmacists, dieti-
tian, health psychologist, and patient advocate was convened to review the content, which covers six themes: (1)  
Introduction to heart health; (2) Lipids and Cardiovascular Disease; (3) Lipid-loweing medications; (4) Importance of 
medication adherence; (5) Heart-healthy behaviours and mindsets; and (6) Towards sustainable heart-healthy living. Each 
theme is made up of several modules, which comprise multiple units. Each unit is made up of a video recording or anima-
tion accompanied with transcripts, followed by a poll question or knowledge quiz to help participants reflect their under-
standing of the content.

Reminders and logs features are available on the D-PHA app, allowing participants to record food diaries and receive 
reminders for medications and clinic appointments. The platform also sends reminders via in-app text messages and push 
notifications to promote app usage and medication adherence.

Rule-based chatbot was designed to engage participants in conversations that uncover their perceived barriers to med-
ication adherence and assists them with setting their personal health goals. Their interactions with the chatbot are tracked 
and made available to health coach to inform personalized coaching.

Health coaching.  The health coaching component of the intervention is delivered digitally via the D-PHA app. 
Health coaches are given access to a designated dashboard where they can schedule health coaching sessions, review 
app usage, and interacts with their assigned participants through asynchronous (text messaging) and synchronous 
communication (video-call). A special focus will be devoted to medication adherence through gathering information 
on participants’ knowledge regarding medication-taking behaviours and associated side effects, as well as identifying 
discrepancies between the list of prescribed lipid-lowering medications and participants’ self-reported use of the 
medications.

The sessions are delivered by health coaches who underwent two training programs. They completed a core coach 
training and certification program approved by the National Board for Health & Wellness Coaching (NBHWC) [38]. Addi-
tionally, they participated in a focused program on health coaching for older adults, offered by a higher education institu-
tion in Singapore [39]. This dual training approach ensures that health coaches acquire core coaching competencies and 
are capable of applying them effectively within the local context.

Although there is a lack of consensus on the intensity and frequency of coaching sessions, existing literature suggests 
the duration of effective health coaching programs to be between 6–12 months to achieve behaviour change, with 6 
months being reported most frequently [30,40]. The number of sessions ranged from 1 to 12 [41]. Based on these find-
ings, the minimum number of coaching sessions between participants and health coaches is set at four, with each session 
taking place once a month and lasting up to 60 minutes. After completion of four health coaching sessions, participants 
may request for two additional sessions if needed. Participants are encouraged to text their health coaches via the D-PHA 
app for additional support in between health coaching sessions. Health coaches may also initiate additional interactions 
with the participant if the app’s usage analytics suggest low engagement.

During the session, health coaches will follow a pre-specified health coaching guidelines customized for the trial to 
minimize discrepancies among health coaches. They will review adherence to prescription instructions, explore reasons 
for non-adherence, assist participants in setting SMART (Specific, Measurable, Achievable, Realistic, and Time-bound) 
behavior goals, and review goals and app usage. Health coaches will not provide any medical advice or instruction, 
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including starting, stopping, or titrating medications. The scope of health coaching will be strictly related to medication 
adherence, lifestyle behaviours, and general health and well-being. Health coaches will keep a log detailing the communi-
cation with the participant.

Usage analytics for health coaching.  These information provide insights into participants’ engagement with the 
various features of the app. Passively collected data such as the number of logins, modules completion, time spent 
online, and other click-level data are captured and analysed. These data are presented on the dashboard of a central 
management system (i.e., administration portal). Additionally, each health coach has access to a designated dashboard to 
arrange coaching session, chat with patients, and monitor their app usage.

Before each session, health coaches will review the information gathered from usage analytics to guide and plan the 
upcoming session. The information is displayed on the health coach dashboard and includes medication logs, food diary 
entries, learning progress in the educational component, interactions with chatbot, and reflection journal entries. A weekly 
action score summarizing participant’s weekly activity in the app will also be shown to health coach. Information collected 
by the rule-based chatbot, such as the user’s readiness to change, perceived barriers and misbeliefs may also be used to 
guide a targeted behavioural intervention.

Outcomes

The primary outcome is the improvement in medication adherence to lipid-lowering medications, measured using Medica-
tion Adherence Report Scale-5 (MARS-5) at 6 months. Secondary outcomes include (1) Change in serum LDL cholesterol 
levels; (2) Change in Singapore-modified Framingham Risk Score 2023 (SG-FRS-2023) [42]; (3) Change in health motiva-
tion assessed by the Motivation and Attitude Toward Changing Health (MATCH) Scale [43]; (4) Change in self- 
efficacy assessed by Self-Efficacy for Appropriate Medication Use Scale (SEAMS); (5) Change in self-reported quality of 
life assessed by the EQ-5D-5L [44], the Single-Item Quality of Life Scale (SI-QOL) [45], and a concise version of the Func-
tional Assessment of Chronic Illness Therapy – Spiritual Well-Being Scale (FACIT-Sp) [46]; (7) App usability assessed by 
mHealth app usability questionnaire (MAUQ) [47]; (8) Chatbot usability assessed by Chatbot Usability Questionnaire at 6 
months; (9) Adherence to the intervention (health coaching attendance and app usage); and (10) Cost-effectiveness of the 
intervention through quality adjusted life years (QALYs) gained and incremental cost effectiveness ratios (ICER): cost per 
QALY gained.

Cost-effectiveness analysis

Economic evaluation.  A cost-effectiveness study will be conducted to investigate the expected changes to total costs 
and health benefits, as measured by Quality Adjusted Life Years, from a decision to adopt the human coach-supported 
digital personal health assistant. A Markov model, to achieve this, will be defined by the natural history of a patient with 
hyperlipidemia. The analysis will consider only the health system perspective. The structure of the model will be validated 
with cincial experts. The following information is needed: transition probabilities, costs, and effectiveness measures.

The transition probabilities will be sourced from the data collected in the trial (e.g., risk categories according to the  
Singapore-modified Framingham Risk Score 2023, adherence rate), and from the literature.

Intervention costs will be estimated using the information available within the trial budget. The cost of developing the 
app as a one-off cost, training the personnel, and maintenance cost will be calculated. Furthermore, the costs of statin 
treatment and the costs of cardiovascular events will be estimated and will be used as model inputs. Cost-effectiveness, 
healthcare utilisation, and direct medical costs will be collected.

The study will use several effectiveness measures. For health economic evaluations, effectiveness measures must be 
either in natural measurements, such as hospital avoidance, or patient-reported outcome measures, such as utility esti-
mates. The effectiveness measures that will be used are EQ-5D-5L utility estimates (quality-adjusted life years – QALY), 
the number of hospital admissions, ED presentations and unplanned primary care visits avoided.
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Model evaluation.  During analysis, statistical distributions will be used to describe uncertainty in model parameters. 
The normal, uniform, beta, and gamma distributions will be employed depending on the type of parameter. Fitted 
distributions will be randomly re-sampled and the economic outcomes of ‘change to total costs’ (ΔC) and ‘change to total 
effectiveness’ (ΔE) will be simulated 10,000 times. This approach propagates uncertainty in prior parameters forward to 
the total cost and outcomes. A decision rule for cost-effectiveness is given by (ΔC/ ΔE) <λ, where λ is the decision maker’s 
maximum willingness to pay (WTP) for health benefits. In the absence of a WTP value for Singapore, for this study, we 
use a value equalivent to three times that of the per capita GDP in Singapore. The flexibility of a Markov model will be 
used, with different scenarios being analysed to produce meaningful results for different stakeholders.

Study procedures

Baseline.  Participants in both control and intervention groups will be asked to complete a series of self-reported 
questionnaires. Lipid profile, anthropometric measurements, and Singapore-modified Framingham risk score will be 
obtained from electronic health records. Participants assigned to the intervention group will be assisted by the CRCs to 
install the D-PHA app into their mobile devices and register a user account using a pre-specified User ID. The CRC will 
introduce different features of the D-PHA app through an “on-boarding” encounter.

Follow-up Visits.  The study has three follow-up visits at month 3, month 6, and month 12. Attending PCT will plan 
the follow-up visits to coincide with their regular clinic visits. Before each follow-up visit, CRCs will send reminders to 
participants. Data on clinician-reported outcome measures and patient-reported outcome measures will be obtained 
during each follow-up visit (Fig 1). Additionally, participants in the intervention group will complete the mHealth app 
usability questionnaire (MAUQ) and Chatbot Usability Questionnaire at month 6 and month 12.

Sample size

Taking into account (1) a desired 5% level of significance; (2) a desired statistical power of 90%; (3) the potential applica-
tion of a mixed-effect model given the multi-centre design, and to cater for the random effects of repeated measurements; 
(4) a small effect size to be detected (i.e., < 0.2); (5) fewer than 10 predictors to be accommodated in model building; and 
(6) no more than 20% dropouts, a total of 376 subjects (188 per arm) are to be recruited. However, based on previous 
experience with digital health based studies and numerous timepoints for patient-reported outcomes measures, the drop-
outs are anticipated to be larger than 20%. As such, a total of 450 subjects are to be recruited. A post-hoc power calcula-
tion will be facilitated after data analysis is performed.

Statistical methods

The data collected will be screened for accuracy, missing data, outliers, and statistical assumptions. Following the prin-
ciples of intention-to-treat (ITT) analysis, the recruited subjects will be retained in the group they are randomized to. At 
each measurement time point, efforts will be made to minimize missing data, and the reasons for loss of follow-up will be 
recorded. Missing data will be imputed using averages of answered items with no more than 20% missing data. When 
more than 20% of the items are missing, the overall score is not computed, and the data are considered missing. Sensitiv-
ity analyses will also be performed to determine the robustness of the assumptions about missing data.

Descriptive statistics are reported with mean ± standard deviation, median (interquartile range), and proportions (per-
centage). Exploratory analyses are performed with Pearson χ2 or Fisher’s exact test, independent t-test and Mann–Whit-
ney U test, depending on the nature of data.

The default three-level random-intercept model is considered, in view of the multi-centre and longitudinal features of 
the study. That is, the repeated measreuments are nested within subjects, who are then nested within their respective 
centres. A random-slope model may be considered it it offers a better fit, and with justifiable clinical inisghts. The specific 
underlying distributions and link functions are chosen according to the nature of primary and secondary outcomes under 
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investigation. The intraclass correlation is routinely reported for ascertaining the model fit. The adjusting variables include 
gender, disease duration, number of comorbidities, and lipid-lowering agents (statins only, or ezetimibe, or statins plus 
ezetimibe). Subgroup analysis may be performed if the finite mixture model (FMM) covers undelying sub-populations 
within the sample. An interim analysis may be performed depending on the situation. Analyzed with STATA MP V19 (Stata 
Corp,Texas, USA), R Studio (The R Foundation for Statistical Computing; Vienna, Austria), all statistical tests are con-
ducted at 5% significance level or with its equivalence (i.e., 95% confidence intervals).

Trial registration, human research ethics, dissemination plan, and data management plan

The trial received approval from the Domain Specific Review Board of the National Healthcare Group (NHG DSRB 
2023/00438) on 29 Dec 2023 and was registered at ClinicalTrials.gov (NCT06614049). The main trial results will be pub-
lished in the name of the AdLip Investigators. The authors are solely responsible for the design and conduct of this study, 
all study analyses, drafting and editing of the paper, and its final contents. Publication authors must meet the International 
Committee of Medical Journal Editors guidelines for authorship. Findings from this study will be presented at national 
and international meetings and published in peer-reviewed journals. Data will be made available through data access 
agreements established following approval through the CADENCE Governance Committee. Trial data will not be publicly 
released or placed into an open-access repository.

Informed consent will be sought from all participants by CRCs at study sites and/or study investigators. Written 
informed consent will be sought: 1) after the eligibility screening and participants’ verbal agreement, and 2) before base-
line assessment and randomisation. Eligible participants will be given adequate time to decide whether they want to par-
ticipate in the study. They will be encouraged to raise any questions to the CRC and to discuss their decision with family 
members. Ethical principles from the Declaration of Helsinki and Good Clinical Practices will be followed. If participants 
would like to withdraw from the study, they will be able to do so at any point without any implication of the medical support 
from the clinics. In the case of withdrawal, they are required to inform the CRC or study investigators, and no new data will 
be collected subsequently. Data that has been collected until the time of withdrawal will, however, be kept and used in the 
study. Any protocol amendments will be submitted to the Domain Specific Review Board of the National Healthcare Group 
for review and approval. Upon approval, the CRCs will inform participants of the changes during their next clinic visit.

All research data will be securely stored. Completed questionnaires and informed consent forms will be kept in locked 
cabinets at the respective recruitment sites, while electronic data will be password-protected and stored on secure insti-
tutional servers. Only authorized study team members, including the principal investigator (PI), co-investigators (CO-I), 
clinical research coordinators, and pharmacists will have access to the research data. Furthermore, each participant will 
be identified only by a screening or patient ID number. No data will be disclosed to any third party without participant 
consent, except when required for monitoring, auditing, or inspection by regulatory authorities or ethics committees. These 
are done to ensure that all study information remains safe and confidential.

Safety management plan

Risk of harm is expected to be minimal from participation in the study. Safety and wellbeing will be assessed continuously 
in all patients participating in the study throughout the trial period. PI and CO-I will provide day-to-day oversight of the 
trial. They will assure that informed consent is obtained prior to performing any research procedures, that all patients meet 
eligibility criteria and that the study is conducted according to the approved research plan.

PI will evaluate the progress of the research study, including recruitment and retention, protocol deviations and an 
assessment of the timeliness and quality of the data on a biannual basis. PI will also review the collected data including 
adverse events and serious adverse events, unanticipated problems and withdrawal to determine if there is any change to 
the anticipated benefit-to-risk assessment of study participation. PI will ensure all protocol deviations, adverse events and 
serious adverse events are reported according to the applicable regulatory requirements.
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If a participant sustains a physical injury as a result of study procedures performed in accordance with the approved 
protocol by the study doctors, the medical expenses required for the treatment of that injury will be compensated. Man-
agement of the normally expected consequences of standard medical treatment will not be covered. This compensation 
will be provided without legal commitment and without requiring participants to establish fault. There are conditions and 
limitations to the extent of compensation provided and particpants may discuss with the PI for more details.

Trial status

Recruitment for the trial began in June 2024 and is expected to continue until June 2026. Recruitment sites were launched 
in phases, and at the time of manuscript submission, four sites were active: Jurong Polyclinic, Bukit Batok Polyclinic, Choa 
Chu Kang Polyclinic, and the National University Heart Centre.

Discussion

Elevated LDL cholesterol is a major contributor of global CVD burden and continues to rise in prevalence worldwide [1]. 
Despite the high efficacy and wide availability, adherence to lipid-lowering medications remains poor [8]. Non-adherence 
to medications stems from a multitude of factors related to patients, their medical conditions, healthcare system, and 
socioeconomic circumstances, and often requires multifaceted strategies to address effectively [12,22]. The AdLip trial 
aims to investigate whether a health coach-supported mobile health app intervention can improve adherence to lipid- 
lowering medications in adults with hyperlipidemia. Results from this study could provide empirical evidence on the effec-
tiveness of app-delivered health coaching interventions for chronic disease management in a multi-ethnic and multicultural 
Asian context. Furthermore, the trial’s focus on prevention of CVD aligns strategically with Healthier SG, a national initia-
tive by Singapore’s Ministry of Health that emphasizes preventive healthcare [48].

Digital health interventions, particularly mHealth, have been studied extensively for their impact on medication adher-
ence in chronic diseases. A meta-analysis reported that while mHealth, telehealth, and mHealth plus telehealth interven-
tions were generally effective in lowering systolic and diastolic blood pressure, significant improvements in medication 
adherence were observed only in the mHealth group [49]. The suggestive effectiveness of mHealth interventions was 
consistent with findings from other systematic reviews examining mHealth interventions for medication adherence in 
diabetes and CVD [26,50]. Despite these promising outcomes, high percentage of users with minimal app engagement 
and high attrition rates remain substantial challenges in mHealth trials [51,52]. Research indicates that integrating health 
care professionals support into the mHealth apps could enhance user engagement [53]. This suggestion is echoed by a 
scoping review, which highlights the complementary role of health coaching alongside mHealth interventions [31].

Although a previous randomized controlled trial investigated an mHealth app paired with virtual health coaching inter-
vention for medication adherence in cardiac rehabilitation, it was terminated early due to difficulties in enrolment (e.g., 
app compatible with iOS devices only), collection of primary outcome data, and withdrawal of mHealth app provider [54]. 
In the AdLip trial, MARS-5 will be used as the primary outcome measure instead of proportion of days covered to over-
come practical challenges with pill count ascertainment, such as patients not bringing their pill bottles [54]. This, however, 
introduces the limitation of relying on a subjective measurement of medication adherence. The D-PHA app developed for 
the AdLip trial offers greater technological compatibility, with pre-release testing indicating its compatibility with most iOS 
and Android devices. Moreover, the D-PHA app was co-developed with an experienced vendor and is fully owned by the 
academic institution, reducing vulnerability to technology supplier withdrawal.

The AdLip trial nonetheless faces several potential limitations and challenges. Firstly, the app content and health 
coaching will only be available in English, thereby precluding those without English proficiency and limiting inclusivity of 
the trial. Secondly, although mobile phone ownership is used as an inclusion criterion, it may not accurately reflect par-
ticipant’s digital literacy, which could influence their engagement with the app. Thirdly, the trial may be subject to contam-
ination. This is because participants who attend the same polyclinics may live in the same community and interact with 
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each other outside the study setting. High dropout rates are also anticipated, as this was reported as a major challenge in 
app-based RCTs on chronic diseases [52]. However, the use of asynchronous messages and contact with health coaches 
in this study may help improve retention and sustain longer-term engagement. Lastly, as the app was customized for the 
AdLip trial, the findings may not be directly generalizable to other app-based interventions.

In conclusion, the AdLip trial represents an important initiative towards addressing the challenge of medication non- 
adherence among patients with hyperlipidemia in Singapore. By integrating mobile health technologies with health coach-
ing, this innovative approach offers opportunities to promote personalized, patient-centred care and enable task-shifting 
from primary care physicians to allied health professionals. If proven effective, this intervention may be expanded to the 
management of other non-communicable diseases, such as diabetes mellitus and hypertension.

Supporting information

S1 File. SPIRIT checklist. Recommended items to address in a clinical trial protocol and related documents.
(DOCX)

S2 File. Protocol approved by the ethics committee. The original protocol approved by The Regional Committee for 
Medical and Health Research Ethics.
(DOCX)

Acknowledgments

The authors thank the clinical research coordinators, the CADENCE program office team, and all patients who partici-
pated in the study. They specifically acknowledge Ms Jamie Yap, Ms Tabitha Teo, Mr Min Tun Kyaw, and Ms Vion Tan for 
their support in managing the ethics application, and Dr Ying Xian Chua and Dr Eng Sing Lee for their contributions to the 
study design. The authors also extend their gratitude to all participating primary care ambulatory clinics, primary investiga-
tors, and members of the study delivery team.

Author contributions

Writing – original draft: Qi Chwen Ong.

Writing – review & editing: Qi Chwen Ong, Emina Obarcanin, Iva Bojic, Sock Hwee Tan, Sameera Senanayake, 
Sanjeewa Kularatna, Nicholas Graves, Siew Pang Chan, Jun Long Marvin Sim, Derek Hausenloy, Mark Yan Yee Chan, 
Andy Wai Hoong Khong, Doreen Su-Yin Tan, Andy Hau Yan Ho.

References
	1.	 Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global Burden of Cardiovascular Diseases and Risk Factors, 

1990-2019: Update From the GBD 2019 Study. J Am Coll Cardiol. 2020;76(25):2982–3021. https://doi.org/10.1016/j.jacc.2020.11.010 PMID: 
33309175

	2.	 Chew NWS, Chong B, Kuo SM, Jayabaskaran J, Cai M, Zheng H, et al. Trends and predictions of metabolic risk factors for acute myocardial infarc-
tion: findings from a multiethnic nationwide cohort. Lancet Reg Health West Pac. 2023;37:100803. https://doi.org/10.1016/j.lanwpc.2023.100803 
PMID: 37693863

	3.	 Michos ED, McEvoy JW, Blumenthal RS. Lipid Management for the Prevention of Atherosclerotic Cardiovascular Disease. N Engl J Med. 
2019;381(16):1557–67. https://doi.org/10.1056/NEJMra1806939 PMID: 31618541

	4.	 Yebyo HG, Aschmann HE, Kaufmann M, Puhan MA. Comparative effectiveness and safety of statins as a class and of specific statins for primary 
prevention of cardiovascular disease: A systematic review, meta-analysis, and network meta-analysis of randomized trials with 94,283 participants. 
Am Heart J. 2019;210:18–28. https://doi.org/10.1016/j.ahj.2018.12.007 PMID: 30716508

	5.	 Koskinas KC, Siontis GCM, Piccolo R, Mavridis D, Räber L, Mach F, et al. Effect of statins and non-statin LDL-lowering medications on cardiovas-
cular outcomes in secondary prevention: a meta-analysis of randomized trials. Eur Heart J. 2018;39(14):1172–80. https://doi.org/10.1093/eurheartj/
ehx566 PMID: 29069377

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346509.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346509.s002
https://doi.org/10.1016/j.jacc.2020.11.010
http://www.ncbi.nlm.nih.gov/pubmed/33309175
https://doi.org/10.1016/j.lanwpc.2023.100803
http://www.ncbi.nlm.nih.gov/pubmed/37693863
https://doi.org/10.1056/NEJMra1806939
http://www.ncbi.nlm.nih.gov/pubmed/31618541
https://doi.org/10.1016/j.ahj.2018.12.007
http://www.ncbi.nlm.nih.gov/pubmed/30716508
https://doi.org/10.1093/eurheartj/ehx566
https://doi.org/10.1093/eurheartj/ehx566
http://www.ncbi.nlm.nih.gov/pubmed/29069377


PLOS One | https://doi.org/10.1371/journal.pone.0346509  May 5, 2026 12 / 13

	 6.	 Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, et al. Efficacy and safety of cholesterol-lowering treatment: prospective 
meta-analysis of data from 90,056 participants in 14 randomised trials of statins. Lancet. 2005;366(9493):1267–78. https://doi.org/10.1016/S0140-
6736(05)67394-1 PMID: 16214597

	 7.	 Tai ES, Chia BL, Bastian AC, Chua T, Ho SCW, Koh TS, et al. Ministry of Health Clinical Practice Guidelines: Lipids. Singapore Med J. 
2017;58(3):155–66. https://doi.org/10.11622/smedj.2017018 PMID: 28361160

	 8.	 Ageeb SA, Abdelmoghith A, ElGeed H, Awaisu A, ElMansor A, Owusu YB. Prevalence, Associated Risk Factors, and Adverse Cardiovascular 
Outcomes of Statins Discontinuation: A Systematic Review. Pharmacoepidemiol Drug Safe. 2024; 33(8): e5879.

	 9.	 Liberopoulos EN, Florentin M, Mikhailidis DP, Elisaf MS. Compliance with lipid-lowering therapy and its impact on cardiovascular morbidity and 
mortality. Expert Opin Drug Saf. 2008;7(6):717–25. https://doi.org/10.1517/14740330802396984 PMID: 18983218

	10.	 Banach M, Stulc T, Dent R, Toth PP. Statin non-adherence and residual cardiovascular risk: There is need for substantial improvement. Int J Car-
diol. 2016;225:184–96. https://doi.org/10.1016/j.ijcard.2016.09.075 PMID: 27728862

	11.	 De Vera MA, Bhole V, Burns LC, Lacaille D. Impact of statin adherence on cardiovascular disease and mortality outcomes: a systematic review. Br 
J Clin Pharmacol. 2014;78(4):684–98. https://doi.org/10.1111/bcp.12339 PMID: 25364801

	12.	 Wu J-R, Moser DK, Chung ML, Lennie TA. Predictors of medication adherence using a multidimensional adherence model in patients with heart 
failure. J Card Fail. 2008;14(7):603–14. https://doi.org/10.1016/j.cardfail.2008.02.011 PMID: 18722327

	13.	 Khera R, Valero-Elizondo J, Das SR, Virani SS, Kash BA, de Lemos JA, et al. Cost-Related Medication Nonadherence in Adults With Athero-
sclerotic Cardiovascular Disease in the United States, 2013 to 2017. Circulation. 2019;140(25):2067–75. https://doi.org/10.1161/CIRCULATION-
AHA.119.041974 PMID: 31760784

	14.	 Banach M, Penson PE. Adherence to statin therapy: it seems we know everything, yet we do nothing. Oxford Univ Press US. 2022;oeac071.

	15.	 Gadkari AS, McHorney CA. Unintentional non-adherence to chronic prescription medications: how unintentional is it really? BMC Health Serv Res. 
2012;12:98. https://doi.org/10.1186/1472-6963-12-98 PMID: 22510235

	16.	 Gellad WF, Grenard JL, Marcum ZA. A systematic review of barriers to medication adherence in the elderly: looking beyond cost and regimen 
complexity. Am J Geriatr Pharmacother. 2011;9(1):11–23. https://doi.org/10.1016/j.amjopharm.2011.02.004 PMID: 21459305

	17.	 Wood FA, Howard JP, Finegold JA, Nowbar AN, Thompson DM, Arnold AD, et al. N-of-1 Trial of a Statin, Placebo, or No Treatment to Assess Side 
Effects. N Engl J Med. 2020;383(22):2182–4. https://doi.org/10.1056/NEJMc2031173 PMID: 33196154

	18.	 Colombo A, Voglino G, Lo Moro G, Taborelli S, Bianchi MA, Gutierrez LM, et al. Multicomponent intervention provided by GPs to reduce cardio-
vascular risk factors: evaluation in an Italian large sample. Eur J Public Health. 2021;31(4):688–94. https://doi.org/10.1093/eurpub/ckab063 PMID: 
33993239

	19.	 Xu H-Y, Yu Y-J, Zhang Q-H, Hu H-Y, Li M. Tailored Interventions to Improve Medication Adherence for Cardiovascular Diseases. Front Pharmacol. 
2020;11:510339. https://doi.org/10.3389/fphar.2020.510339 PMID: 33364935

	20.	 Kini V, Ho PM. Interventions to Improve Medication Adherence: A Review. JAMA. 2018;320(23):2461–73. https://doi.org/10.1001/jama.2018.19271 
PMID: 30561486

	21.	 Sabaté E, Sabaté E. Adherence to long-term therapies: evidence for action. World Health Organization; 2003.

	22.	 Yow DKW, Ang WJ, Yap HJ, Ito S, Liu J, Ko J, et al. Interventions to improve adherence to lipid-lowering drugs: a systematic review and meta- 
analysis. EClinicalMedicine. 2025;84:103270. https://doi.org/10.1016/j.eclinm.2025.103270 PMID: 40503512

	23.	 Sun S, Simonsson O, McGarvey S, Torous J, Goldberg SB. Mobile phone interventions to improve health outcomes among patients with chronic 
diseases: an umbrella review and evidence synthesis from 34 meta-analyses. Lancet Digit Health. 2024;6(11):e857–70. https://doi.org/10.1016/
S2589-7500(24)00119-5 PMID: 39332937

	24.	 Li L, Ringeval M, Wagner G, Paré G, Ozemek C, Kitsiou S. Effectiveness of home-based cardiac rehabilitation interventions delivered via mHealth 
technologies: a systematic review and meta-analysis. Lancet Digit Health. 2025;7(4):e238–54. https://doi.org/10.1016/j.landig.2025.01.011 PMID: 
40023729

	25.	 Kim SK, Park SY, Hwang HR, Moon SH, Park JW. Effectiveness of Mobile Health Intervention in Medication Adherence: a Systematic Review and 
Meta-Analysis. J Med Syst. 2025;49(1):13. https://doi.org/10.1007/s10916-024-02135-2 PMID: 39821698

	26.	 Al-Arkee S, Mason J, Lane DA, Fabritz L, Chua W, Haque MS, et al. Mobile Apps to Improve Medication Adherence in Cardiovascular Disease: 
Systematic Review and Meta-analysis. J Med Internet Res. 2021;23(5):e24190. https://doi.org/10.2196/24190 PMID: 34032583

	27.	 Willard-Grace R, Chen EH, Hessler D, DeVore D, Prado C, Bodenheimer T, et al. Health coaching by medical assistants to improve control of 
diabetes, hypertension, and hyperlipidemia in low-income patients: a randomized controlled trial. Ann Fam Med. 2015;13(2):130–8. https://doi.
org/10.1370/afm.1768 PMID: 25755034

	28.	 Amagai S, Pila S, Kaat AJ, Nowinski CJ, Gershon RC. Challenges in Participant Engagement and Retention Using Mobile Health Apps: Literature 
Review. J Med Internet Res. 2022;24(4):e35120. https://doi.org/10.2196/35120 PMID: 35471414

	29.	 Palmer S, Tubbs I, Whybrow A. Health coaching to facilitate the promotion of healthy behaviour and achievement of health-related goals. Int J 
Health Promot Educ. 2003;41(3):91–3. https://doi.org/10.1080/14635240.2003.10806231

	30.	 Kivelä K, Elo S, Kyngäs H, Kääriäinen M. The effects of health coaching on adult patients with chronic diseases: a systematic review. Patient Educ 
Couns. 2014;97(2):147–57. https://doi.org/10.1016/j.pec.2014.07.026 PMID: 25127667

https://doi.org/10.1016/S0140-6736(05)67394-1
https://doi.org/10.1016/S0140-6736(05)67394-1
http://www.ncbi.nlm.nih.gov/pubmed/16214597
https://doi.org/10.11622/smedj.2017018
http://www.ncbi.nlm.nih.gov/pubmed/28361160
https://doi.org/10.1517/14740330802396984
http://www.ncbi.nlm.nih.gov/pubmed/18983218
https://doi.org/10.1016/j.ijcard.2016.09.075
http://www.ncbi.nlm.nih.gov/pubmed/27728862
https://doi.org/10.1111/bcp.12339
http://www.ncbi.nlm.nih.gov/pubmed/25364801
https://doi.org/10.1016/j.cardfail.2008.02.011
http://www.ncbi.nlm.nih.gov/pubmed/18722327
https://doi.org/10.1161/CIRCULATIONAHA.119.041974
https://doi.org/10.1161/CIRCULATIONAHA.119.041974
http://www.ncbi.nlm.nih.gov/pubmed/31760784
https://doi.org/10.1186/1472-6963-12-98
http://www.ncbi.nlm.nih.gov/pubmed/22510235
https://doi.org/10.1016/j.amjopharm.2011.02.004
http://www.ncbi.nlm.nih.gov/pubmed/21459305
https://doi.org/10.1056/NEJMc2031173
http://www.ncbi.nlm.nih.gov/pubmed/33196154
https://doi.org/10.1093/eurpub/ckab063
http://www.ncbi.nlm.nih.gov/pubmed/33993239
https://doi.org/10.3389/fphar.2020.510339
http://www.ncbi.nlm.nih.gov/pubmed/33364935
https://doi.org/10.1001/jama.2018.19271
http://www.ncbi.nlm.nih.gov/pubmed/30561486
https://doi.org/10.1016/j.eclinm.2025.103270
http://www.ncbi.nlm.nih.gov/pubmed/40503512
https://doi.org/10.1016/S2589-7500(24)00119-5
https://doi.org/10.1016/S2589-7500(24)00119-5
http://www.ncbi.nlm.nih.gov/pubmed/39332937
https://doi.org/10.1016/j.landig.2025.01.011
http://www.ncbi.nlm.nih.gov/pubmed/40023729
https://doi.org/10.1007/s10916-024-02135-2
http://www.ncbi.nlm.nih.gov/pubmed/39821698
https://doi.org/10.2196/24190
http://www.ncbi.nlm.nih.gov/pubmed/34032583
https://doi.org/10.1370/afm.1768
https://doi.org/10.1370/afm.1768
http://www.ncbi.nlm.nih.gov/pubmed/25755034
https://doi.org/10.2196/35120
http://www.ncbi.nlm.nih.gov/pubmed/35471414
https://doi.org/10.1080/14635240.2003.10806231
https://doi.org/10.1016/j.pec.2014.07.026
http://www.ncbi.nlm.nih.gov/pubmed/25127667


PLOS One | https://doi.org/10.1371/journal.pone.0346509  May 5, 2026 13 / 13

	31.	 Obro LF, Heiselberg K, Krogh PG, Handberg C, Ammentorp J, Pihl GT, et al. Combining mHealth and health-coaching for improving self-management 
in chronic care. A scoping review. Patient Educ Couns. 2021;104(4):680–8. https://doi.org/10.1016/j.pec.2020.10.026 PMID: 33143907

	32.	 Paruchuri K, Finneran P, Marston NA, Healy EW, Andreo J Jr, Lynch R, et al. Outcomes of a smartphone-based application with live health- 
coaching post-percutaneous coronary intervention. EBioMedicine. 2021;72:103593. https://doi.org/10.1016/j.ebiom.2021.103593 PMID: 34657825

	33.	 Amorim AB, Pappas E, Simic M, Ferreira ML, Jennings M, Tiedemann A, et al. Integrating Mobile-health, health coaching, and physical activity to 
reduce the burden of chronic low back pain trial (IMPACT): a pilot randomised controlled trial. BMC Musculoskelet Disord. 2019;20(1):71. https://
doi.org/10.1186/s12891-019-2454-y PMID: 30744606

	34.	 Chan AW, Boutron I, Hopewell S, et al. SPIRIT 2025 statement: updated guideline for protocols of randomised trials. Lancet. 
2025;405(10491):e19–27.

	35.	 Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy (v1) of 93 hierarchi-
cally clustered techniques: building an international consensus for the reporting of behavior change interventions. Ann Behav Med. 2013;46(1):81–
95. https://doi.org/10.1007/s12160-013-9486-6 PMID: 23512568

	36.	 Janz NK, Becker MH. The Health Belief Model: a decade later. Health Educ Q. 1984;11(1):1–47. https://doi.org/10.1177/109019818401100101 
PMID: 6392204

	37.	 Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot. 1997;12(1):38–48. https://doi.
org/10.4278/0890-1171-12.1.38 PMID: 10170434

	38.	 National Board for Health & Wellness Coaching. Approved Training Programs. [cited 17 May 2024]. Available from: https://nbhwc.org/

	39.	 Centre for Professional and Continuing Education, Nanyang Technological University, Singapore. Health Coaching for Older Adults. [cited 15 July 
2024]. Available from: https://www.ntu.edu.sg/pace/programmes/detail/health-coaching-for-older-adults

	40.	 Olsen JM, Nesbitt BJ. Health coaching to improve healthy lifestyle behaviors: an integrative review. Am J Health Promot. 2010;25(1):e1–12. https://
doi.org/10.4278/ajhp.090313-LIT-101 PMID: 20809820

	41.	 Singh HK, Kennedy GA, Stupans I. A systematic review of pharmacy health coaching and an evaluation of patient outcomes. Res Social Adm 
Pharm. 2019;15(3):244–51. https://doi.org/10.1016/j.sapharm.2018.04.012 PMID: 29703656

	42.	 Lim C, Hilal S, Ma S, Sim X, Shyong TE, Ying TY. Recalibrated Singapore-Modified framingham risk score 2023 (SG-FRS-2023).

	43.	 Hessler DM, Fisher L, Polonsky WH, Bowyer V, Potter M. Motivation and attitudes toward changing health (MATCH): A new patient-reported mea-
sure to inform clinical conversations. J Diabetes Complications. 2018;32(7):665–9. https://doi.org/10.1016/j.jdiacomp.2018.04.009 PMID: 29887299

	44.	 Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new five-level version of EQ-5D 
(EQ-5D-5L). Qual Life Res. 2011;20(10):1727–36. https://doi.org/10.1007/s11136-011-9903-x PMID: 21479777

	45.	 Siebens HC, Tsukerman D, Adkins RH, Kahan J, Kemp B. Correlates of a Single-Item Quality-of-Life Measure in People Aging with Disabilities. Am 
J Phys Med Rehabil. 2015;94(12):1065–74. https://doi.org/10.1097/PHM.0000000000000298 PMID: 25888654

	46.	 Peterman AH, Fitchett G, Brady MJ, Hernandez L, Cella D. Measuring spiritual well-being in people with cancer: the functional assess-
ment of chronic illness therapy--Spiritual Well-being Scale (FACIT-Sp). Ann Behav Med. 2002;24(1):49–58. https://doi.org/10.1207/
S15324796ABM2401_06 PMID: 12008794

	47.	 Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth App Usability Questionnaire (MAUQ): Development and Validation Study. 
JMIR Mhealth Uhealth. 2019;7(4):e11500. https://doi.org/10.2196/11500 PMID: 30973342

	48.	 Foo CD, Chia HX, Teo KW, Farwin A, Hashim J, Choon-Huat Koh G, et al. Healthier SG: Singapore’s multi-year strategy to transform primary 
healthcare. Lancet Reg Health West Pac. 2023;37:100861. https://doi.org/10.1016/j.lanwpc.2023.100861 PMID: 37529631

	49.	 Yap HJ, Lim JJJ, Tan S-YD, Ang CS. Effectiveness of digital health interventions on adherence and control of hypertension: a systematic review 
and meta-analysis. J Hypertens. 2024;42(9):1490–504. https://doi.org/10.1097/HJH.0000000000003793 PMID: 38973553

	50.	 Chong CJ, Bakry MM, Hatah E, Mohd Tahir NA, Mustafa N. Effects of mobile apps intervention on medication adherence and type 2 diabetes melli-
tus control: a systematic review and meta-analysis. J Telemed Telecare. 2025;31(2):157–73.

	51.	 Fleming T, Bavin L, Lucassen M, Stasiak K, Hopkins S, Merry S. Beyond the Trial: Systematic Review of Real-World Uptake and Engagement With 
Digital Self-Help Interventions for Depression, Low Mood, or Anxiety. J Med Internet Res. 2018;20(6):e199. https://doi.org/10.2196/jmir.9275 PMID: 
29875089

	52.	 Meyerowitz-Katz G, Ravi S, Arnolda L, Feng X, Maberly G, Astell-Burt T. Rates of Attrition and Dropout in App-Based Interventions for Chronic 
Disease: Systematic Review and Meta-Analysis. J Med Internet Res. 2020;22(9):e20283. https://doi.org/10.2196/20283 PMID: 32990635

	53.	 Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, et al. Factors Influencing Adherence to mHealth Apps for Prevention or Management 
of Noncommunicable Diseases: Systematic Review. J Med Internet Res. 2022;24(5):e35371. https://doi.org/10.2196/35371 PMID: 35612886

	54.	 Olivier CB, Middleton SK, Purington N, Shashidhar S, Hereford J, Mahaffey KW, et al. Why digital health trials can fail: Lessons learned from 
a randomized trial of health coaching and virtual cardiac rehabilitation. Cardiovasc Digit Health J. 2021;2(2):101–8. https://doi.org/10.1016/j.
cvdhj.2021.01.003 PMID: 35265897

https://doi.org/10.1016/j.pec.2020.10.026
http://www.ncbi.nlm.nih.gov/pubmed/33143907
https://doi.org/10.1016/j.ebiom.2021.103593
http://www.ncbi.nlm.nih.gov/pubmed/34657825
https://doi.org/10.1186/s12891-019-2454-y
https://doi.org/10.1186/s12891-019-2454-y
http://www.ncbi.nlm.nih.gov/pubmed/30744606
https://doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/pubmed/23512568
https://doi.org/10.1177/109019818401100101
http://www.ncbi.nlm.nih.gov/pubmed/6392204
https://doi.org/10.4278/0890-1171-12.1.38
https://doi.org/10.4278/0890-1171-12.1.38
http://www.ncbi.nlm.nih.gov/pubmed/10170434
https://nbhwc.org/
https://www.ntu.edu.sg/pace/programmes/detail/health-coaching-for-older-adults
https://doi.org/10.4278/ajhp.090313-LIT-101
https://doi.org/10.4278/ajhp.090313-LIT-101
http://www.ncbi.nlm.nih.gov/pubmed/20809820
https://doi.org/10.1016/j.sapharm.2018.04.012
http://www.ncbi.nlm.nih.gov/pubmed/29703656
https://doi.org/10.1016/j.jdiacomp.2018.04.009
http://www.ncbi.nlm.nih.gov/pubmed/29887299
https://doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/pubmed/21479777
https://doi.org/10.1097/PHM.0000000000000298
http://www.ncbi.nlm.nih.gov/pubmed/25888654
https://doi.org/10.1207/S15324796ABM2401_06
https://doi.org/10.1207/S15324796ABM2401_06
http://www.ncbi.nlm.nih.gov/pubmed/12008794
https://doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/pubmed/30973342
https://doi.org/10.1016/j.lanwpc.2023.100861
http://www.ncbi.nlm.nih.gov/pubmed/37529631
https://doi.org/10.1097/HJH.0000000000003793
http://www.ncbi.nlm.nih.gov/pubmed/38973553
https://doi.org/10.2196/jmir.9275
http://www.ncbi.nlm.nih.gov/pubmed/29875089
https://doi.org/10.2196/20283
http://www.ncbi.nlm.nih.gov/pubmed/32990635
https://doi.org/10.2196/35371
http://www.ncbi.nlm.nih.gov/pubmed/35612886
https://doi.org/10.1016/j.cvdhj.2021.01.003
https://doi.org/10.1016/j.cvdhj.2021.01.003
http://www.ncbi.nlm.nih.gov/pubmed/35265897

