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Abstract

Background: Poor adherence to cardiovascular medicationsis associated with worse clinical outcomes. Evidence for effective
education interventions that address medication adherence for the primary prevention of cardiovascular disease is lacking. The
Ready to Reduce Risk (3R) study aims to investigate whether a complex intervention, involving group education plus telephone
and text messaging follow-up support, can improve medication adherence and reduce cardiovascular risk.

Objective: Thisprotocol paper detailsthe design and rationale for the development of the 3R intervention and the study methods
used.

Methods: Thisis an open and pragmatic randomized controlled trial with 12 months of follow-up. We recruited participants
from primary care and randomly assigned them at a 1.1 frequency, stratified by sex and age, to either a control group (usual care
from a genera practitioner) or an intervention group involving 2 facilitated group education sessions with telephone and text
messaging follow-up support, with a theoretical underpinning and using recognized behavioral change techniques. The primary
outcome was medication adherence to statins. The primary measure was an objective, novel, urine-based biochemical measure
of medication adherence. We also used the 8-item Morisky Medication Adherence Scal e to assess medi cation adherence. Secondary
outcomes were changesin total cholesterol, blood pressure, high-density lipoprotein, total cholesterol to high-density lipoprotein
ratio, body mass index, waist to hip ratio, waist circumference, smoking behavior, physical activity, fruit and vegetable intake,
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patient activation level, quality of life, health status, health and medication beliefs, and overall cardiovascular disease risk score.
We also considered process outcomes relating to acceptability and feasibility of the 3R intervention.

Results. We recruited 212 participants between May 2015 and March 2017. The 12-month follow-up data collection clinics
were completed in April 2018, and data analysis will commence once all study data have been collected and verified.

Conclusions:

This study will identify a potentialy clinically useful and effective educational intervention for the primary

prevention of cardiovascular disease. Medication adherence to statinsis being assessed using a novel urine assay as an objective

measure, in conjunction with other validated measures.
Trial Registration:
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Introduction

Background

Globally, cardiovascular disease (CV D), including heart attacks
and stroke, is the leading cause of death. An estimated 17.7
million people died of CVD in 2015, representing 31% of all
global deaths [1]. This is a significant burden on society. The
overall CVD cost to the UK economy is approximately £19
billion [2]. However, it is estimated that 75% of all premature
deaths from CVD are avoidable through effective reduction of
modifiable risk factors[3].

International Guidance on Cardiovascular Disease
Risk Management for Primary Prevention

Major international guidelines for the primary prevention of
CVD provide the latest evidence-based guidance on lifestyle
factors (exercise, diet, smoking, weight, and acohol) and
lipid-lowering medication to reduce CVD risk [4-7]. Despite
some differencesin the detail of the recommendations, thereis
ageneral consensus about the benefits of exercise, the cessation
of smoking, and the use of statinsfor peopleat high risk of CVD

(8].

The American Heart Association recommends the prescribing
of statins for the primary prevention of CVD for al patients
with a serum low-density lipoprotein cholesterol level above
4.9 mmol/L, regardless of their CVD risk profile[6]. In contrast,
the European Society of Cardiology ismore cautious and states
that statins are more frequently required by individuals with
low-density lipoprotein cholesterol levels raised to above 4.9
mmol/L but may not be necessary for those with alow CVD
risk score (European Society of Cardiology systematic coronary
risk estimation <5%) [7]. The latest UK National Institute for
Health and Care Excellence guidelines no longer use specific
cholesterol targets as markers of CVD risk; instead, they advise
atorvastatin 20 mg to be offered as primary prevention in
patients younger than 85 years with a 10-year QRISK2 score
of more than 10% [4]. The QRISK?2 is the updated version of
the QRISK CVD risk calculator, which was developed and
validated on a UK population and addresses risk issues such as
ethnicity and social deprivation [9].

http://www.researchprotocols.org/2018/11/e11289/

In the United Kingdom, this guidance has been controversia;
as such, alow threshold for starting statins would mean that a
65-year-old man would obtain a risk of 10% despite optimal
body massindex, optimal cholesterol, and no comorbidities[8].
Anarticleby Abramson et al [10] further fueled the debate over
the intolerable adverse effects that are reported by 5% to 10%
of patients. Consequently, in the United Kingdom, there has
been alot of negative media coverage regarding the prescribing
of statins, which has resulted in many patients stopping their
medication [11]. Moreover, medication adherence to
CVD-preventive drugs remains a problem in both secondary
and primary CVD prevention.

Medication Adherence and Cardiovascular Disease
Risk

For patients with CVD, self-reported adherence to CVD
medications with a common combination of aspirin,
beta-blocker, and a statin was shown to be less than 40% in
both isolated and long-term follow-up surveys[12]. Moreover,
despite the demonstrated safety and effectiveness of statins for
CVD prevention, patient adherenceto long-term statin treatment
is poor [13-15]. In arecent study of alarge cohort of Finnish
patients (n=97,575), there was an approximately 30% increase
intherisk of any cardiovascular events or death among primary
prevention patients who adhered poorly to statins when they
were compared with good adherers[16]. However, the evidence
also suggests that the use of statins by patientsis dynamic, and
many patients after long periods of nonadherence will restart
their treatment. Thisisstrongly linked to clinical visits, implying
that reiteration by general practitioners (GPs) of therole statins
play in reducing risk may be beneficial [17].

With statin and antihypertensive treatments (the main
medications used in primary CVD prevention), there are often
multiple reasonsfor poor adherence to medication: forgetfulness,
a negative attitude toward medication, frustration with poor
therapeutic responses, preconceived beliefs regarding health
and medication, and a poor understanding of the pros and cons
of a prescribed drug. In particular, there is a lack of
understanding of the benefit of CV D prevention medication and
a fear of drug-related adverse events [18]. The number of
barriersto medication adherence stresses the importance of how
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health professionals communicate risk and treatment options
to patients to promote behavioral change and engage peoplein
self-management.

Poor medication adherenceis one of the key reasonswhy overall
CVD risk remains high despite patients being prescribed statins
and provided with lifestyle advice by their GPs. Therefore, it
isimportant that patient education addresses this issue and the
many misconceptions to do with statins.

Structured Cardiovascular Disease Risk Education

Structured education has been widely advocated as a
cost-effective method of promoting self-management and
behavior change in individuals with chronic disease [19]. It is
an adternative to one-to-one counselling and refers to
group-based, patient-centered educational programs that have
aclear philosophy; awritten curriculum that is underpinned by
appropriate learning and health behavior theories; an evidence
base; and trained, quality-assessed educators [20].

In the United Kingdom, the Diabetes Education and Self
Management for Ongoing and Newly Diagnosed (DESMOND)
program for individuals with type 2 diabetes has demonstrated
that astructured education program can be delivered within the
UK National Health Service (NHS) at a nationa level and
promote behavior change [21]. With the introduction of the
NHS Health Checks and new treatment guidelines, there is a
growing need for similar interventions to be developed, tested,
and implemented to provide a proper pathway for the
management of CVD risk.

Study Rationale

This paper details the design and rationale of the Ready to
Reduce Risk (3R) study, a randomized controlled trial to
evaluate the effectiveness of a complex intervention (the 3R
Education Program with foll ow-up short message service (SMS)
text messaging and telephone support) to improve medication
adherence and reduce risk in the primary prevention of CVD
in high-risk individuals. We describe the development of the
3R intervention and the study methods we used so as to allow
for a thorough and robust report of the methodology used to
deliver and evaluate this complex intervention prior to analysis
and the publication of aresults paper.

Methods

Compliance With Standards

We used the Standard Protocol Items; Recommendations for
Interventional Trials (SPIRIT) checklist (Multimedia Appendix
1) [22], in conjunction with the Consolidated Standards of
Reporting Trials of Electronic and Mobile Health Applications
and Online Telehedth (CONSORT-EHEALTH) checklist
(Multimedia Appendix 2) [23], to describe the design of this
study to ensure that thistrial protocol iswell reported.

Study Design
The study was an open, individual, and pragmatic randomized
controlled trial recruiting participantsfrom UK general practices
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(attached to a single study center). We recruited patients
identified as being at high risk of CVD for primary prevention
(total cholesterol =5 mmol/L) and already prescribed statinsto
reduce this risk. Participants were randomly assigned to either
the control group (usua GP care) or the intervention group (3R
Group Education Program plus follow-up telephone and SMS
text messaging support). For both the control and intervention
participants, the GP was informed of a patient’s participation
in the study but was not made aware of their group allocation.
Both groups attended clinic visits at baseline and 12 months so
that we could collect outcome data at these time points (Figure
1).

Participants and Recruitment

Eligibility Criteria for Participants

Eligibility criteriawere asfollow: (1) male or female and aged
40-74 years, inclusive, (2) prescribed a statin medication for
primary prevention of CVD that was still active, at least 12
months prior to enrollment, (3) total cholesterol level =5.0
mmol/L at enroliment, (4) able to speak and read English to
participate effectively in the group education program, (5)
willing and able to attend education sessions and clinic visits,
(6) access to a mobile phone, (7) willing and able to give
informed consent, (8) willing to allow their GP to be notified
of participation in the study, (9) no preexisting CVD, (10) no
inherited lipid disorder, (11) no established type 1 or type 2
diabetes, (12) no women who were pregnant (self-reported),
and (13) no participation in another clinical intervention study
in the 12 weeks prior to enrollment.

As we expected there to be participants who had repeat
prescriptions for statins but were not taking them as directed,
we considered a prescription to be active, for the purpose of the
study, if the prescription had been issued at least twice within
the previous 2 years. We recruited participants with a total
cholesterol level of 5 mmol/L or greater at baseline, based on
the assumption that these participants were more likely to be
nonadherent to statin medication if their cholesterol levelswere
higher.

Method of Recruitment

Weidentified general practicesfrom across Northamptonshire,
UK to take part in the study. We developed an automatic
Morbidity Query Information Export Syntax (MIQUEST) search
(based on the €ligibility criteria described above) for the
practices to download, from a secure online site, to generate a
list of potentia participants to be sent invitation packs.
MIQUEST isamethod that is used to extract datafrom different
types of GP database systems, using acommon query language
to ensure consistency. Each invitation pack contained an
invitation letter, a preliminary study information lesflet, and a
reply slip with prepaid envelope. Prior to mailing these packs,
aclinical member of the practice staff screened thelist to ensure
the suitability of patientsto take part.
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Figure 1. Study design. CVD: cardiovascular disease; GP: general practitioner.

Participant eligibility (prescreening)
Male or female aged 40-74 years old; prescribed statin medication for primary
prevention of CVD; total cholesteral (TC) level 25.0 mmol/L; able to read and speak
English; able to attend education sessions and clinic visits; access to a mobile phone; able
to give informed consent; willing to allow GP notification; no preexisting CVD ; no
inherited lipid disorder; no established type 1 or type 2 diabetes; no pregnant females;
no participation in another clinical intervention study 12 weeks prior to enrollment

V

Randomization (n=212)
e Informed consent
s Baseline data collection: clinical measures, guestionnaire measures, cholesterol
blood test and urine sample
s Randomized following a TC level blood result 5.0 mmeol/L
+ Computer-generated randomization on a 1:1 basis

»  Stratified by age and sex

y y

3R intervention plus follow-up Usual GP care (n=106)
support (n=106) «  British Heart Foundation leaflet
*  British Heart Foundation leaflet e LUsual medical care for lifestyle
*  Two education sessions, 1 and medication
week apart

»  Two follow-up phone calls
following education

s Regular motivational and
medication reminder texts

V v

12-month follow-up
s  Follow-up clinic data collection
* Repeat data collection of baseline cutcome measures
* Adverse event check
*  Prescription history check for 12-month study period

y

Analysis
* Primary outcome: medication adherence to statins
* Secondary outcomes: medication adherence to antihypertensives,
changes in CVD risk score and individual CVD risk factors (clinical and
behavioral)
* Process outcomes relating to the delivery of the education and follow-up
support
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Reply dlips (from both positive and negative responders) were
returned directly to the research team. We contacted all positive
responders to verbally screen and confirm their eligibility for
the study. Following this, eligible patients who were interested
in taking part were booked to attend an initial data collection
clinic. All participantswere required to attend 2 data collection
clinics: at baseline and at 12 months. The clinics were held in
asuitablelocal venue, usually acommunity venue. Group clinics
(of up to 8 participants at atime) were run by 3 trained study
staff, including a qualified nurse. A full patient information
sheet was sent with the clinic appointment letter. At the baseline
clinic, written informed consent for all participants was taken
by a trained research nurse before the collection of any data.
All participants were made awarethat they could withdraw from
the study at any time. For each participant, a blood sample and
clinical measurements were taken in accordance with local
standard operating procedures, and a urine samplewas collected.
A hardcopy questionnaire booklet was completed at clinic by
each participant. In addition, ahardcopy clinical research form
was used to enter all other data collected at the baseline and
12-month time points, including demographic data, medical
and medication histories, clinical measurements, blood results,
and adverse events. Following clinics, all hardcopy study data
collected weretreated as confidential and kept securely inlocked
cabinets. Study data were anonymized and participants were
identified by an allocated study number. These hardcopy data
were then manually entered onto a validated, secure, and
password-protected electronic database to be checked and
verified prior to analysis.

Randomization

Following confirmation of an eligible blood result for
cholesterol, participants were randomly assigned at a 1:1
frequency by a trained member of the 3R team not involved
with data collection, using an online randomization tool (Sealed
Envelope Ltd, London, UK). Participantswere stratified by age
(40-53 years and 54-74 years) and sex before been randomly
allocated to either the control or intervention group. If 2 people
were taking part from the same household, they were
automatically assigned to the same arm to prevent any
contamination between groups taking place. We considered
contamination between intervention and control participants
from the same GP practice to be minimal based on evidence
from asystematic review of contaminationintrials of education
interventions [24]. Although the intervention involved some
fact giving, the main objective was motivation for behavior
change and knowledge empowerment, which must be directly
experienced to be effective and is therefore unlikely to result
in contamination.

Following enrollment, blinding of participantswas not possible
due to the open and pragmatic design of the study. However,
we took some steps to reduce bias. data were collected by
research nurses not involved in any analysis, GPs were not
informed of aparticipant’s group allocation; urine sampleswere
analyzed by laboratory staff blinded to the randomized groups;
and, prior to study completion, detailed protocol information
was not made available online, which participants could have
accessed.

http://www.researchprotocols.org/2018/11/e11289/

Byrneet a

Control Group

The control group continued with their usual GP care with
regard to lifestyle and medication advice for the primary
prevention of CVD. To ensure that all participants had access
to at least some basic knowledge about managing CVD risks,
we sent both groups a British Heart Foundation booklet (Keep
Your Heart Healthy), which contained general information about
CVD risk prevention.

I ntervention Group

Development of the 3R Education Program and
Follow-Up Support

We developed the 3R Education Program in line with UK
Medical Research Council recommendations for the
development of complex interventions[25,26]. We specifically
focused on helping participants develop an increased sense of
therole of their behaviorsin their long-term health and risk by
addressing their perceptions and beliefs surrounding CVD risk
and medication adherence. In the absence of one unified model
or construct, we used the concept of patient activation [27] and
the capability, opportunity, and motivation model, as it
encapsul ates many theoretical components of behavior change
theory [28]. We used the behavior change taxonomy [29] to
ensure accurate reporting and to help identify the key active
components of behavior change interventions.

An experienced working group of health professionals, led by
a psychologist, developed the intervention based on the
DESMOND philosophy of empowerment, whereby participants
are supported, rather than taught, to discover and work out
knowledge to achieve their own health goals [30]. We used
several stages (including a literature search and focus groups
with potential users) to explore and expand the original idea
within the framework of the capability, opportunity, and
motivation model [28]. This process informed the content,
format, and theoretical basis of the program and was used to
draft a curriculum to provide a written structure for the 3R
Education Program and to identify the key component behavior
change techniques to be used. We evaluated this using an
iterative process of testing with potential users, feedback, and
modification until we considered the program ready for
implementation. We a so developed educational, mixed-media
resourcesto support the delivery of the curriculum and to engage
participants in the learning activities. In conjunction with the
devel opment of the education program, a2-day training program
led by an experienced psychologist was delivered to agroup of
6 facilitators to ensure consistent delivery of the curriculum.
The newly trained facilitators were given the opportunity to
practice delivery of the program before the start of the study.

In addition to the main education program, we developed
follow-up support to help sustain any potential positive effects
of the education with regard to improvements in medication
adherence and other individual CVD risk factors. Continued
support to maintain and promote positive health behavioral
change has been shown to be effective when provided as brief
telephone calls [31], and with SMS text messaging for
medication adherence [32,33] and CVD risk factors [34,35].
After reviewing this literature, we considered the best format
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for the delivery of the 3R follow-up support to be acombination
approach of using both text messages and phone callsto try to
sustain the effect of the education.

For the text messages, this process involved using content that
had already been robustly developed and validated in the
Tobacco, Exercise and Diet Messages (TEXTME) study [36].
These text messages were originally developed for secondary
CVD prevention but matched our requirements for primary
CVD prevention: (1) general heart health information messages
that included facts about CVD and information about
medications and risk factors, (2) nutrition messages, (3) physical
activity messages, and (4) smoking cessation messages. The
message content had been specifically designed using behavioral
change techniques, and awhole process of refining and piloting
the messages had been applied. We had been impressed by the
rigorous methods used to develop these messages and the
success that they had achieved with the improvement of
low-density lipoprotein cholesterol at 6 months, as well as
improvement in other secondary end points (blood pressure,
body massindex, smoking, and physical activity) [35]. Prior to
use, the TEXTME messageswere reviewed and adapted to make
the content culturally appropriate for our UK patient cohort by
3 health professionals (adietician, anurse research fellow, and
a GP). Furthermore, we created some additional medication
reminder textsto be deliveredin conjunction withthe TEXTME
texts that were specifically focused on improving medication
adherence by prompting people to take their statin medication
at aset time.

For the phone calls, we developed a semistructured script and
al-day training session (involving practicerole-play scenarios)
using the same framework that we had used for the follow-up
cals in the successful Pre - diabetes Risk Education and
Physical Activity Recommendation and Encouragement
(PREPARE) study, which sustained the effect of a an
educational intervention on glucose regulation at 2 years[31].
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Delivery of the 3R Education Program and Follow-Up
Support

We invited the intervention group to attend the 3R Education
Program and receive the follow-up support (text messages and
phone calls). They continued with their usual GP care and were
sent a copy of the British Heart Foundation booklet. Textbox
1, Textbox 2, and Textbox 3 detail the different components
involved in the delivery of each of the 3 major elements of the
intervention and identify the behavioral control techniques[29]
or active componentsinvolved in each.

Outcomes and M easures

Primary Outcome

The primary outcome was medication adherence to statins at
12 months (Table 1) [37-44]. The primary measure was a
urine-based biochemical measure involving a novel assay to
test for statin and antihypertensive levelsin urine samples. This
method has already been used successfully to show poor
adherence to antihypertensive medication [45]. Participants
were informed that urine samples would be collected to assess
the levels of statins and were asked to provide afirst morning
urine sample (in astandard urine collection tube) prior to clinic.
This test wuses a high-performance liquid
chromatography-tandem mass spectrometry analysis of spot
urine samples (2-5 mL) to detect 60 commonly prescribed
cardiovascular medications, including statins. The results are
reported as binary outcomes (yes or no) and hence are based on
the limit of detection of amedication. The limit of detection is
in the low nanomolar per liter range for al medications
(in-house data). The method has been set up using established
laboratory criteria for qualitative assays [46]. The method is
robust and reliable and has been developed from techniques
used in forensic medicine [47] and in testing for drug abusein
elite sports [48]. We use the test routinely in various
cardiovascular clinics, and have set up the first National Centre
for Drug Adherence Testing and receive samplesfrom 25 centers
across the United Kingdom [49].
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Textbox 1. Ready to Reduce Risk (3R) Education Program.

Setting: local venue (eg, community hall).

Format: group education (approximately 8 per group; participants were allowed to take a partner or friend) facilitated by a written structured
curriculum and mixed-media educational resources (including a free pedometer).

Frequency: 2 sessions.

Duration: approximately 2 hours each.

Facilitators: 2 trained facilitators (at |east one was a health care professional).
Training: 2-day course, self-study, and practice run.

Monitoring: ad hoc filmed sessions.

Outline

«  Session 1: explored understanding and beliefs to do with cardiovascular disease risk and how to manage it; showed how to calculate their
own risk score using the Joint British Societies calculator; raised awareness of factors that influence risk, how these affect the body, and
the role of medication; and explored beliefs about medication adherence.

«  Session 2: increased knowledge and awareness about how to have a healthier lifestyle to reduce cardiovascular disease risk and introduced
behavioral control techniques to support activated participants.

Theories and models: capability, opportunity, and motivation model; patient empowerment; working alliance; patient activation; self-regulation;
sel f-determination; cognitive dissonance; self-efficacy.

Behavioral control techniques: goal setting (outcome); problem solving; action planning; self-monitoring of outcome(s) of behavior; social
support (emotional); socia support (practical); information about health consequences; salience of consequences; demonstration of behavior;
pros and cons; adding objects to the environment; incompatible beliefs; valued self-identity.

Textbox 2. Follow-up support phone calls after the Ready to Reduce Risk (3R) Education Program.

Setting: participants were called at home by a member of the 3R study team from a private office and designated study mobile.
Format: participants received individua calls facilitated by a semistructured script and delivered using a patient-centered approach.
Frequency: 2 calls at approximately 2 weeks and 6 months.

Duration: approximately 10-20 minutes each.

Facilitator: atrained member of the 3R team who was experienced in calling research participants.

Monitoring: written records of the calls were documented by the facilitator, using a structured template.

Outline: participants were called at a convenient time and asked some questions about how they were getting on following the 3R Education
Program. The facilitator used open questions to elicit information about what had been going well and not so well, and participants were given
the opportunity to discuss any pitfalls and ways to overcome these.

Theories and models. the theoretical basis was the same as that for the 3R Education Program.

Behavioral control techniques: goal setting (outcome); problem solving; action planning; self-monitoring of outcome(s) of behavior; social
support (emotional); socia support (practical); information about health consequences; pros and cons; valued self-identity.
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Textbox 3. Text messaging follow-up support after the Ready to Reduce Risk (3R) Education Program.

Setting: 1 week posteducation, participants received text messages to their own mobiles via an independent text messaging service, which is set
up to work from the secure study contacts database.

Format: a series of automated, unidirectional text messages were sent, consisting of medication reminders (eg, “Have you taken your tablets
today?"), and motivational and support Tobacco, Exercise and Diet Messages (TEXTME) messages (eg, “Walking up and down aflight of stairs
several timesisagreat strengthening activity.”).

Duration: 44 weeks.
Frequency:

«  Medication reminders: weeks 1 and 2 (7 texts); weeks 3 and 4 (4 texts); weeks 5-26 (1 text); weeks 27 and 28 (7 texts); weeks 29 and 30 (4
texts); weeks 31-44 (1 texts). (Sent at the same time each evening.)

«  TEXTME messages. 4 texts per week. (Sent on random weekdays at random times.)

Facilitator: texts wereinitiated and stopped manually by the 3R team.

Training: participants received a 3R Follow-On Support booklet and facilitators received training from their clinical research service (who
devel oped the study database) on how to manage the text messaging support via the database interface.

Monitoring: all texts sent were logged and monitored to identify any problems.

Outline: participants could choose between asmokers’ and nonsmokers' pathway for the type of texts that they received. A series of textsrelating
to healthy eating, physical activity, medication, general heart health, and smoking (if chosen) were then delivered as per the 44-week schedule
detailed above. Texts could be stopped at any time by the participant, by sending a text to a specified number.

Theories and models: the theoretical basis of the TEXTME messages is detailed in the protocol paper by Redfern et a [36].

Behavioral control techniques: reduce prompts and cues (for medication reminders); other behavioral control techniques associated with the
TEXTME messages are detailed in Redfern et al [36].
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Table 1. Data collection schedule.
Demographic data Measure Baseline 12 months
Sex and age Self-report O N/A2
Medical history Self-report O O
Medication history Self-reportJGPb database O O
Primary outcome
M edication adherenceto statins  Urine test O O
Secondary outcomes
Cardiovascular disease risk QRISK?2 calculator O ]
score (%)
TC® HDLY TC:HDL (mmol/L) Blood sample

Blood pressure (mm Hg) Omron monitor

Body mass index (kg/mz) Height (cm) and weight (kg) 0 (height and weight) O (weight only)

Smoking history Self-report using QRISK 2 format O O

Fruit and vegetable intake Self-report: 5-a-day Community Evauation Tool (FACET) O |
[38]

Quality of life Self-report: 15D (ageneric, comprehensive, 15-dimension- [ |
al, standardized measure of health-related quality of life)
[39]

Health status Self-report: EuroQol 5 dimensions questionnaire (EQ-5D, [ O
a standardized instrument for measuring generic health
status) [40]

Physical activity Self-report: International Physical Activity Questionnaire [ |

(IPAQ; short form) [41]

Patient activation Self-report: Patient Activation Measure (PAM, avaidand O |
reliable scale that reflects a developmental model of an

individual's readiness for health behavior change) [42]

Medication/Health Beliefs Self-report: Beliefs about Medicines Questionnaire (BMQ) [ O
[43] and the Brief IlIness Perception Questionnaire (Brief
IPQ) [44]

Medication adherenceto statins  Self-report: 8-item Morisky Medication Adherence Scale O ad

(MMAS) [37]
Other supporting outcomes®

Prescription history Record of repeat prescription issuesfor statinsand antihy- [ O

pertensives (if applicable) from the GP database

Adverse events Self-report and observed from GP database ad O

3N/A: not applicable.

bGP genera practitioner.

°TC: total cholesteral.

dHDL: high-density lipoprotein.
For the duration of the study.

fUse of the MMASis protected by US and International copyright laws. Permission for useisrequired. A license agreement is available from: Donald
E Morisky, MMAS Research (MORISKY), 294 Lindura Court, Las Vegas, NV 89138-4632; dmorisky@gmail.com.

In addition, the self-reported 8-item Morisky Medication
Adherence Scale (MMAS) was completed at baseline and 12
months. This is an established and validated scale that is
commonly used to measure adherence [37,50,51]. At the end
of the study, we asked GP practices to provide details for
individual participants regarding both statin and antihypertensive
(if applicable) prescription issued during the 12 months of the
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study (Table 1). These data will provide useful supporting
information about the pattern of patient medication adherence
behavior over the 12-month study period.

Secondary Outcomes

Secondary outcomes were adherence to antihypertensive
medications and other anticipated potential effects of the
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intervention, including a change in overall CVD risk score
measured by the QRISK?2 calculator [52], as well as potential
changes in the following individual CVD risk factors: total
cholesterol, high-density lipoprotein, total cholesterol to
high-density lipoprotein ratio, blood pressure, and body mass
index. We al so observed changesin behavior and lifestyleusing
validated questionnaire measures. smoking, physical activity,
fruit and vegetable intake, patient activation level, well-being,
health status, health and medication beliefs, and medication
adherence to antihypertensives (for participants prescribed this
treatment for high blood pressure). We collected al outcome
measures at the baseline and 12-month clinics in line with
standard operating procedures and good clinical practice
guidelines (Table 1). In addition, we checked for and recorded
adverse events at the final visit and whenever a participant was
contacted, for the purpose of the study, to monitor health status
during the course of the study. Table 1 details all outcome data
collected at the specified time points.

Process Outcomes

We also collected process outcomes relating to participant
acceptability and fidelity of the education intervention. We used
feedback data from the evaluation forms given out following
the end of the education sessions to assess participant
acceptability in conjunction with retention rates for the 2
sessions. We videotaped 3 sessions, with the participants
permission, to assess the fidelity of the delivered education
sessions. Logs were kept to record the initiation, delivery, and
any terminations of text messages, and all attempted follow-up
support phone calls were recorded.

Sample Size

The primary outcome measure was medication adherence to
statins at 12 months. We based the sample size calculation on
the percentage of nonadherers by using data from the
Investigation of Text Message Reminders on Adherence to
Cardiac Treatment (INTERACT) tria [32]. To detect a
difference in the proportion of medication adherers (of 16
percentage points in the intervention group a 12 months
compared with the usual -care control group—ie, 91% compared
with 74%), we required 84 participants per group with 80%
power and 5% significance. After allowing for a 20% dropout,
werequired 105 participants per group, making 210 participants
in total. This minimum difference was based on a similar 16
percentage—point increase in adherence to cardiovascular
preventive treatment observed in the INTERACT tria [32],
which used text messaging as the sole intervention. Thiswas a
6-month follow-up study with afina control group adherence
of 75%. We envisaged similar adherence to medication at 12
months' follow-up, following our complex intervention with
continued follow-up support via SM Stext messaging and phone
callsto sustain any initial intervention effect.

The study design was pragmatic and reflected how it would be
delivered if it were implemented in practice. The study was
designed to mitigate the effects of unbalanced clustering in the
intervention group by using a standardized curriculum, asmall
group of trained facilitatorsto deliver education and phone calls,
a small number of venues, standardized text messages, and
standardized phone calls. Moreover, we assessed process
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outcomes relating to fidelity to allow for clear reporting of any
variation that occurred. This was in line with the Medical
Research Council guidance for complex interventions [26].

Statistical M ethods

For evaluation, we will summarize baseline characteristics of
the 2 groups with means, standard deviations, and mediansand
rangesfor continuous variables; and counts and percentagesfor
categorical variables. Logistic regression will assess the
difference in medication adherence by group, adjusted for the
stratification factors (sex and age) at 12 months. We will assess
the primary outcome at the 5% level with 95% confidence
intervals. The primary analysis at 12 months will be based on
complete data. The analysis of the secondary outcomes will be
conducted in asimilar manner using the appropriate model type:
logistic regression for binary outcomes, linear for continuous
outcomes, and ordinal for ordina outcomes.

We will carry out sensitivity analyses on an intention-to-treat
basis and a per-protocol basis to examine robustness of
conclusions for missing data and attendance of the program. To
adhereto theintention-to-treat principle, wewill impute missing
outcome data by multiple imputation using the command M|
in Stata (StataCorp LLC). We will aso conduct analysis by
adding the MMASS adherence data where urine adherence data
aremissing.

Ethics and Dissemination

We will disseminate the results of this study via the usual
scientific forums: peer-reviewed publications and presentations
at international conferences. At thelocal level, key stakeholders
will be informed of the findings. The study has been
administered by the Leicester Diabetes Centre and is overseen
by the UK National Institute for Health Research Collaboration
for Leadership in Applied Health Research and Care East
Midlands Scientific Committee.

Ethics approval was obtained from the NHS Health Research
Authority East Midlands-Leicester South Research Ethics
Committee (15/EM/0472) prior to the commencement of the
study. The trial is registered with the ISRCTN registry
(ISRCTN16863160).

Results

We recruited participants from May 2015 to March 2017, and
have enrolled and randomly assigned atotal of 212 participants.
We finished follow-up clinic data collection in April 2018 and
will commence the analysis of the results once we have collected
and verified all data.

Discussion

Summary

This study aims to identify a potentialy clinically useful and
effective educational intervention to improve medication
adherence to cardiovascular medications for the primary
prevention of CVD, to be delivered as an adjunct to primary
care.
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This protocol paper offersacomplete and thorough description
of the 3R intervention and study methodology used prior to
analysis and evaluation. A recent systematic review, looking at
interventions to improve adherence to statin medication,
highlighted that multifaceted interventions had small, positive
effects on adherence, but that more methodologically rigorous
trials are needed [53]. The 3R study has followed SPIRIT and
CONSORT-EHEALTH guidance [22,23] to ensure rigorous
methods are used, and publication of a protocol paper, prior to
evaluation, allows this complex intervention to be described in
the robust manner that is now expected. Due to significant
amendments and potential biasing of outcome data from
participants accessing information about the intervention,
publishing aprotocol paper prior to trial completion introduced
several potential pitfalls for the reporting of the study. Thisis
now arecognized problem for complex intervention trials that
can be avoided by publishing protocols after trial completion
[54].

We developed the 3R educational intervention in line with the
Medical Research Council guidelinesfor complex interventions
[25,26]. Moreover, we used a taxonomy of behavior change
techniques[29] to identify the key active componentsto ensure
more precise reporting of the intervention and to aid future
research in this field. Due to the complexity of the 3R
intervention, therewill have been unavoidable variationsin how
the intervention was delivered, such as the use of different
facilitators and venue settings; however, we monitored all
components of theintervention to ensurethat, asfar aspossible,
the intervention was delivered as per protocol. We addressed
process outcomes relating to patient acceptability and feasibility
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of the intervention and will carry out a cost-effectiveness
analysisif the study proves to be successful.

Conclusions

Medication adherence is a challenging primary outcome to
measure, as no “gold standard” measure exists. In the 3R study,
we have addressed this challenge by using a new and novel
biochemical urine test as the primary measure [45]. Although
this is an objective measure, it is essentially a spot-check of
medication adherence to statins. There is also a bias with this
measure because, ethically, participants have to be informed
that their urine is being tested for statins. Therefore, we have
also used a self-reported validated questionnaire (MMAS)
[37,50,51] and repeat prescription history as supporting outcome
measures. However, despite the challenges of this type of
research, if it is successful, we hope that the 3R Education
Program can beimplemented within the primary care framework
to improve medication adherence to statins and other CVD
medications, and to provide better support for GPs and people
at risk of CVD.

Protocol Amendments

We have made the following significant changesto the original
protocol. First, we revised the original time windows for
conducting follow-up phone calls, as these were too restrictive
and not practical. Second, we changed the primary outcome
measure to the objective urine-based measure from the MMAS
self-reported questionnaire measure. We made this change
following additional validation datafor the urine measure, which
was not available at the start of the study.

The research was funded by the National Institute for Health Research (NIHR) Collaboration for Leadership in Applied Health
Research and Care East Midlands and the NIHR Leicester Biomedical Research Centre. The views expressed are those of the
author(s) and not necessarily those of the UK National Health Service, the NIHR, or the UK Department of Health. The TEXTME
Message Bank was developed and validated by the University of Sydney, Sydney, Australia, and the George Institute and was
used under license. Use of the MMAS is protected by US and International copyright laws. Permission for use is required. A
license agreement is available from: Donald E Morisky, MMAS Research (MORISKY), 294 Lindura Court, Las Vegas, NV
89138-4632; dmorisky@gmail.com

Authors Contributions

KK conceived the original ideaand isthe chief investigator; KK, SR, LJG, JLB, and HMD led the overall design of the randomized
controlled trial; YD was responsible for the development of the intervention; JLB drafted the manuscript; and all other authors
(KK, SR, LJG, HMD, GW, PP, PG, and MD) helped edit and review the manuscript.

Conflicts of Interest
PG and PP were involved in the development of the urine assay test for the detection of statins and antihypertensive medications.

Multimedia Appendix 1
Checklist of recommended items to addressin aclinical trial protocol.

[PDE File (Adobe PDF File), 122KB-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT-EHEALTH checklist V 1.6.1.

[PDE File (Adobe PDF File), 359K B-Multimedia Appendix 2]

http://www.researchprotocols.org/2018/11/e11289/ JMIR Res Protoc 2018 | vol. 7 | iss. 11| €11289 | p. 11

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v7i11e11289_app1.pdf&filename=9832b53b9393dd086609f6fb5666bfc6.pdf
https://jmir.org/api/download?alt_name=resprot_v7i11e11289_app1.pdf&filename=9832b53b9393dd086609f6fb5666bfc6.pdf
https://jmir.org/api/download?alt_name=resprot_v7i11e11289_app2.pdf&filename=dcb57b7226e85e65d92e78ca5ded9cd4.pdf
https://jmir.org/api/download?alt_name=resprot_v7i11e11289_app2.pdf&filename=dcb57b7226e85e65d92e78ca5ded9cd4.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Byrneet d

Multimedia Appendix 3
Peer-review report from CLAHRC-EM.

[PDE File (Adobe PDF File), 159K B-Multimedia Appendix 3]

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

World Health Organization. Fact sheet: cardiovascular diseases (CVDs). 2017 May 17. URL.: http://www.who.int/en/
news-room/fact-sheets/detail/cardiovascul ar-diseases-(cvds) [accessed 2018-06-14] [WebCite Cache ID 70ARZhWUT]
Townsend N, Wickramasinghe K, Bhathagar P, Smolina K, Nichols M, Leal J, et a. Coronary Heart Disease Statistics:
2012 Edition. London, UK: British Heart Foundation; 2012.

World Health Organization. The challenge of cardiovascular disease - quick statistics. 2018. URL : http://www.euro.who.int/
en/heal th-topi cs/noncommuni cabl e-di seases/cardi ovascul ar-di seases/data-and-statistics [ accessed 2018-06-14] [WebCite
Cache ID 70ARXRTCV]

National Ingtitutefor Health and Care Excellence. Lipid Modification: Cardiovascular Risk Assessment and the Modification
of Blood Lipids for the Primary and Secondary Prevention of Cardiovascular Disease. London, UK: NICE; Jul 2014.
Eckel RH, Jakicic M, Ard JD, de Jesus JM, Houston MN, Hubbard VS, et a. 2013 AHA/ACC guideline on lifestyle
management to reduce cardiovascular risk: areport of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Circulation 2014 Jun 24;129(25 Suppl 2):S76-S99 [FREE Full text] [doi:
10.1161/01.¢ir.0000437740.48606.d1] [Medline: 24222015]

Stone NJ, Robinson JG, Lichtenstein AH, Bairey MCN, Blum CB, Eckel RH, American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. 2013 ACC/AHA guideline on the treatment of blood cholesterol to
reduce atherosclerotic cardiovascular risk in adults: areport of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. JAm Coll Cardiol 2014 Jul 01;63(25 Pt B):2889-2934 [FREE Full text]
[doi: 10.1016/j.jacc.2013.11.002] [Medline: 24239923]

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, ESC Scientific Document Group. 2016 European
Guidelines on cardiovascular disease prevention in clinical practice: the Sixth Joint Task Force of the European Society of
Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives
of 10 societiesand by invited experts)Devel oped with the specia contribution of the European Association for Cardiovascular
Prevention & Rehabilitation (EACPR). Eur Heart J 2016 Dec 01;37(29):2315-2381 [FREE Full text] [doi:
10.1093/eurheartj/ehw106] [Medline: 27222591]

Stewart J, Manmathan G, Wilkinson P. Primary prevention of cardiovascular disease: areview of contemporary guidance
and literature. JRSM Cardiovasc Dis 2017;6:2048004016687211 [FREE Full text] [doi: 10.1177/2048004016687211]
[Medline: 28286646]

Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh A, et a. Predicting cardiovascular risk in
England and Wales: prospective derivation and validation of QRISK2. BMJ 2008 Jun 28;336(7659):1475-1482 [FREE
Full text] [doi: 10.1136/bmj.39609.449676.25] [Medline: 18573856]

Abramson JD, Rosenberg HG, Jewell N, Wright JM. Should people at low risk of cardiovascul ar diseasetake astatin? BMJ
2013 Oct 22;347:f6123. [Medline: 24149819]

Matthews A, Herrett E, Gasparrini A, Van Staa T, Goldacre B, Smeeth L, et a. Impact of statin related media coverage on
use of statins: interrupted time series analysis with UK primary care data. BMJ 2016 Jun 28;353:13283 [FREE Full text]
[Medline: 27353418]

Newby LK, LaPointe NMA, Chen AY, Kramer JM, Hammill BG, DelL.ong ER, et a. L ong-term adherence to evidence-based
secondary prevention therapiesin coronary artery disease. Circulation 2006 Jan 17;113(2):203-212 [FREE Full text] [doi:
10.1161/CIRCUL ATIONAHA.105.505636] [Medline: 16401776]

Caspard H, Chan AK, Walker AM. Compliance with astatin treatment in ausual -care setting: retrospective database analysis
over 3 years after treatment initiation in health maintenance organization enrollees with dydlipidemia. Clin Ther 2005
Oct;27(10):1639-1646. [doi: 10.1016/j.clinthera.2005.10.005] [Medline: 16330301]

Perreault S, Blais L, Lamarre D, Dragomir A, Berbiche D, Lalonde L, et a. Persistence and determinants of statin therapy
among middle-aged patients for primary and secondary prevention. Br J Clin Pharmacol 2005 May;59(5):564-573 [FREE
Full text] [doi: 10.1111/j.1365-2125.2005.02355.x] [Medline: 15842555]

Mann DM, Allegrante JB, Natargjan S, Halm EA, Charlson M. Predictors of adherence to statins for primary prevention.
Cardiovasc Drugs Ther 2007 Aug;21(4):311-316. [doi: 10.1007/s10557-007-6040-4] [Medline: 17665294]

Rannanheimo PK, Tiittanen P, Hartikainen J, Helin-Salmivaara A, Huupponen R, Vahtera J, et al. Impact of statin adherence
on cardiovascular morbidity and all-cause mortality in the primary prevention of cardiovascular disease: a population-based
cohort study in Finland. Value Health 2015 Sep; 18(6):896-905 [ FREE Full text] [doi: 10.1016/j.jval.2015.06.002] [Medline:
26409618]

Brookhart MA, Patrick AR, Schneeweiss S, Avorn J, Dormuth C, Shrank W, et al. Physician follow-up and provider
continuity are associated with long-term medication adherence: a study of the dynamics of statin use. Arch Intern Med
2007 Apr 23;167(8):847-852. [doi: 10.1001/archinte.167.8.847] [Medline: 17452550]

http://www.researchprotocols.org/2018/11/e11289/ JMIR Res Protoc 2018 | vol. 7 | iss. 11| e11289 | p. 12

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v7i11e11289_app3.pdf&filename=f971fa236cee98715e9fe6e83b52e9d7.pdf
https://jmir.org/api/download?alt_name=resprot_v7i11e11289_app3.pdf&filename=f971fa236cee98715e9fe6e83b52e9d7.pdf
http://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://www.webcitation.org/

                                            70ARZhWU7
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-diseases/data-and-statistics
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-diseases/data-and-statistics
http://www.webcitation.org/

                                            70ARxRTCv
http://www.webcitation.org/

                                            70ARxRTCv
https://www.ahajournals.org/doi/abs/10.1161/01.cir.0000437740.48606.d1?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/01.cir.0000437740.48606.d1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24222015&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0735-1097(13)06028-2
http://dx.doi.org/10.1016/j.jacc.2013.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24239923&dopt=Abstract
http://europepmc.org/abstract/MED/27222591
http://dx.doi.org/10.1093/eurheartj/ehw106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27222591&dopt=Abstract
http://europepmc.org/abstract/MED/28286646
http://dx.doi.org/10.1177/2048004016687211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28286646&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=18573856
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=18573856
http://dx.doi.org/10.1136/bmj.39609.449676.25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18573856&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24149819&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=27353418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27353418&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.105.505636?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.505636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16401776&dopt=Abstract
http://dx.doi.org/10.1016/j.clinthera.2005.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16330301&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2125.2005.02355.x
http://dx.doi.org/10.1111/j.1365-2125.2005.02355.x
http://dx.doi.org/10.1111/j.1365-2125.2005.02355.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15842555&dopt=Abstract
http://dx.doi.org/10.1007/s10557-007-6040-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17665294&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(15)01980-4
http://dx.doi.org/10.1016/j.jval.2015.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26409618&dopt=Abstract
http://dx.doi.org/10.1001/archinte.167.8.847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17452550&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Byrneet d

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

CasulaM, Tragni E, Catapano AL. Adherenceto lipid-lowering treatment: the patient perspective. Patient Prefer Adherence
2012;6:805-814 [FREE Full text] [doi: 10.2147/PPA.S29092] [Medline: 23152673]

Chatterjee S, Davies MJ, Heller S, Speight J, Snoek FJ, Khunti K. Diabetes structured self-management education
programmes: a narrative review and current innovations. Lancet Diabetes Endocrinol 2018 Dec;6(2):130-142. [doi:
10.1016/S2213-8587(17)30239-5] [Medline: 28970034]

Department of Health, Diabetes UK. Structured patient education in diabetes: report from the Patient Education Working
Group. 2005 Jun 15. URL: http://webarchive.national archives.gov.uk/20130105204013/http://www.dh.gov.uk/en/

Publi cati onsandstati sti cs/Publi cati ons/Publi cationsPolicyAndGuidance/DH_4113195 [accessed 2018-06-14] [WebCite
Cache ID 70ASLIiT7I]

DaviesMJ, Heller S, Skinner TC, Campbell MJ, Carey ME, Cradock S, et al. Effectiveness of the diabetes education and
self management for ongoing and newly diagnosed (DESMOND) programme for people with newly diagnosed type 2
diabetes: cluster randomised controlled trial. BMJ 2008 Mar 1;336(7642):491-495 [FREE Full text] [doi:
10.1136/bmj.39474.922025.BE] [Medline: 18276664]

Chan A, Tetzlaff M, Ggtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials. BMJ 2013;346:e7586 [FREE Full text] [Medline: 23303884]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e126 [ FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Keogh-Brown MR, Bachmann MO, ShepstonelL, Hewitt C, Howe A, Ramsay CR, et a. Contaminationin trials of educational
interventions. Health Technol Assess 2007 Oct;11(43):iii, ix-iii,107 [FREE Full text] [Medline: 17935683]

Campbell M, Fitzpatrick R, Haines A, Kinmonth AL, Sandercock P, Spiegelhalter D, et al. Framework for design and
evaluation of complex interventions to improve health. BMJ 2000 Sep 16;321(7262):694-696 [FREE Full text] [Medline:
10987780]

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, Medical Research Council Guidance. Developing and
evaluating complex interventions: the new Medical Research Council guidance. BMJ 2008;337:a1655 [FREE Full text]
[Medline: 18824488]

Hibbard JH, Stockard J, Mahoney ER, Tusler M. Development of the Patient Activation Measure (PAM): conceptualizing
and measuring activation in patients and consumers. Health Serv Res 2004 Aug;39(4 Pt 1):1005-1026 [FREE Full text]
[doi: 10.1111/j.1475-6773.2004.00269.x] [Medline: 15230939]

Michie S, van Stralen MM, West R. The behaviour change wheel: anew method for characterising and designing behaviour
change interventions. Implement Sci 2011;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

Feste C, Anderson RM. Empowerment: from philosophy to practice. Patient Educ Couns 1995 Sep;26(1-3):139-144.
[Medline: 7494713]

Yates T, DaviesMJ, Sehmi S, Gorely T, Khunti K. The Pre-diabetes Risk Education and Physical Activity Recommendation
and Encouragement (PREPARE) programme study: are improvements in glucose regulation sustained at 2 years? Diabet
Med 2011 Oct;28(10):1268-1271. [doi: 10.1111/j.1464-5491.2011.03357.X] [Medline: 21672008]

Wald DS, Bestwick JP, Raiman L, Brendell R, Wald NJ. Randomised trial of text messaging on adherence to cardiovascul ar
preventivetreatment (INTERACT trial). PLoS One 2014;9(12):€114268 [ FREE Full text] [doi: 10.1371/journal .pone.0114268]
[Medline: 25479285]

Park LG, Howie-Esquivel J, Chung ML, Dracup K. A text messaging intervention to promote medication adherence for
patients with coronary heart disease: arandomized controlled trial. Patient Educ Couns 2014 Feb;94(2):261-268. [doi:
10.1016/j.pec.2013.10.027] [Medline: 24321403]

Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et al. Smoking cessation support delivered via mobile
phone text messaging (txt2stop): a single-blind, randomised trial. Lancet 2011 Jul 2;378(9785):49-55 [FREE Full text]
[doi: 10.1016/S0140-6736(11)60701-0] [Medline: 21722952]

Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: arandomized clinical trial. JAMA 2015;314(12):1255-1263.
[doi: 10.1001/jama.2015.10945] [Medline: 26393848]

Redfern J, Thiagalingam A, Jan S, Whittaker R, Hackett ML, Mooney J, et al. Development of a set of mobile phone text
messages designed for prevention of recurrent cardiovascular events. Eur J Prev Cardiol 2014 Apr;21(4):492-499. [doi:
10.1177/2047487312449416] [Medline: 22605787)

Morisky DE, Ang A, Krousel-Wood M, Ward HJ. Predictive validity of a medication adherence measure in an outpatient
setting. J Clin Hypertens (Greenwich) 2008 May;10(5):348-354 [ EREE Full text] [Medline: 18453793]

Ashfield-Watt PAL, Welch AA, Godward S, Bingham SA. Effect of a pilot community intervention on fruit and vegetable
intakes: use of FACET (Five-a-day Community Evaluation Tool). Public Health Nutr 2007 Jul;10(7):671-680. [doi:
10.1017/S1368980007382517] [Medline: 17381948]

http://www.researchprotocols.org/2018/11/e11289/ JMIR Res Protoc 2018 | vol. 7 | iss. 11| e11289 | p. 13

(page number not for citation purposes)


https://dx.doi.org/10.2147/PPA.S29092
http://dx.doi.org/10.2147/PPA.S29092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23152673&dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(17)30239-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970034&dopt=Abstract
http://webarchive.nationalarchives.gov.uk/20130105204013/http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4113195
http://webarchive.nationalarchives.gov.uk/20130105204013/http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4113195
http://www.webcitation.org/

                                            70ASLiT7l
http://www.webcitation.org/

                                            70ASLiT7l
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=18276664
http://dx.doi.org/10.1136/bmj.39474.922025.BE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18276664&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=23303884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23303884&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.journalslibrary.nihr.ac.uk/hta/hta11430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17935683&dopt=Abstract
http://europepmc.org/abstract/MED/10987780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10987780&dopt=Abstract
http://europepmc.org/abstract/MED/18824488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
http://europepmc.org/abstract/MED/15230939
http://dx.doi.org/10.1111/j.1475-6773.2004.00269.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15230939&dopt=Abstract
http://www.implementationscience.com/content/6//42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7494713&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2011.03357.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21672008&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0114268
http://dx.doi.org/10.1371/journal.pone.0114268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25479285&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2013.10.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24321403&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0140-6736(11)60701-0
http://dx.doi.org/10.1016/S0140-6736(11)60701-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21722952&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.10945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26393848&dopt=Abstract
http://dx.doi.org/10.1177/2047487312449416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22605787&dopt=Abstract
http://europepmc.org/abstract/MED/18453793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18453793&dopt=Abstract
http://dx.doi.org/10.1017/S1368980007382517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17381948&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Byrneet d

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

Sintonen H. The 15D instrument of health-related quality of life: properties and applications. Ann Med 2001

Jul; 33(5):328-336. [Medline: 11491191]

Dyer MTD, Goldsmith KA, SharplesLS, Buxton MJ. A review of health utilitiesusing the EQ-5D in studies of cardiovascular
disease. Health Qual Life Outcomes 2010 Jan 28;8:13 [FREE Full text] [doi: 10.1186/1477-7525-8-13] [Medline: 20109189]
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
guestionnaire: 12-country reliability and validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-1395. [doi:

10.1249/01.M SS.0000078924.61453.FB] [Medline: 12900694]

Hibbard JH, Mahoney ER, Stockard J, Tusler M. Development and testing of a short form of the patient activation measure.
Health Serv Res 2005 Dec;40(6 Pt 1):1918-1930 [FREE Full text] [doi: 10.1111/j.1475-6773.2005.00438.x] [Medline:
16336556]

Horne R, Weinman J, Hankins M. The beliefs about medicines questionnaire: the devel opment and evaluation of a new
method for assessing the cognitive representation of medication. Psychol Health 1999 Jan;14(1):1-24. [doi:
10.1080/08870449908407311]

Broadbent E, Petrie KJ, Main J, Weinman J. The brief illness perception questionnaire. J Psychosom Res 2006
Jun;60(6):631-637. [doi: 10.1016/j.jpsychores.2005.10.020] [Medline: 16731240]

Tomaszewski M, White C, Patel P, Masca N, Damani R, Hepworth J, et al. High rates of non-adherence to antihypertensive
treatment reveal ed by high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) urineanalysis.
Heart 2014 Jun;100(11):855-861 [FREE Full text] [doi: 10.1136/heartjnl-2013-305063] [Medline: 24694797]

Scientific Working Group for Forensic Toxicology. Scientific Working Group for Forensic Toxicology (SWGTOX) standard
practices for method validation in forensic toxicology. J Anal Toxicol 2013 Sep;37(7):452-474. [doi: 10.1093/jat/bkt054]
[Medline: 23934984]

Fitzgerald RL, Rivera JD, Herold DA. Broad spectrum drug identification directly from urine, using liquid
chromatography-tandem mass spectrometry. Clin Chem 1999 Aug;45(8 Pt 1):1224-1234 [EREE Full text] [Medline:
10430788]

World Anti-Doping Agency. Minimum criteriafor chromatographic mass spectrometric confirmation of the identity of
analytes for doping control purpose (TD2015IDCR). 2015. URL: https://www.wada-ama.org/sites [accessed 2018-08-06]
[WebCite Cache ID 71TOPMv7m)]

University Hospitals of Leicester NHS Trust. National Centre for Adherence Testing (NCAT). 2011. URL: https.//www.

| el cestershospital s.nhs.uk/aboutus/departments-services/pathol ogy/clini cal -biochemistry/

national -centre-for-drug-adherence-testing-ncat/ [accessed 2018-08-06] [WebCite Cache ID 71TOy35IM]

Berlowitz DR, Foy CG, Kazis LE, Bolin LP, Conroy MB, Fitzpatrick B, SPRINT Research Group. Effect of Intensive
Blood-Pressure Treatment on Patient-Reported Outcomes. N Engl JMed 2017 Dec 24;377(8):733-744 [EREE Full text]
[doi: 10.1056/NEJM 0a1611179] [Medline: 28834483]

Morisky DE, DiMatteo MR. Improving the measurement of self-reported medication nonadherence: Final response. Journal
of Clinical Epidemiology 2011 Mar;64(3):262-263. [doi: 10.1016/].jclinepi.2010.09.010]

ClinRisk Ltd. Welcome to the QRISK®2-2016 cardiovascular disease risk calculator. 2016. URL : https://qrisk.org/2016/
index.php [accessed 2018-06-18] [WebCite Cache ID 70GW7ShEN]

Rash JA, Campbell DJT, Tonelli M, Campbell TS. A systematic review of interventions to improve adherence to statin
medication: what do we know about what works? Prev Med 2016 Dec;90:155-169. [doi: 10.1016/j.ypmed.2016.07.006]
[Medline: 27413005]

Basu AP, Pearse JE, Rapley T. Publishing protocols for trials of complex interventions before trial completion - potential
pitfalls, solutions and the need for public debate. Trials 2017 Dec 09;18(1):5 [EREE Full text] [doi:
10.1186/s13063-016-1757-7] [Medline: 28069042]

Abbreviations

3R: Ready to Reduce Risk

CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth

CVD: cardiovascular disease

DESMOND: Diabetes Education and Self Management for Ongoing and Newly Diagnosed

GP: general practitioner

INTERACT: Investigation of Text Message Reminders on Adherence to Cardiac Treatment
MIQUEST: Morbidity Query Information Export Syntax

MMAS: 8-item Morisky Medication Adherence Scale

NHS: National Health Service

PREPARE: Pre - diabetes Risk Education and Physical Activity Recommendation and Encouragement
SMS: short message service

SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials

http://www.researchprotocols.org/2018/11/e11289/ JMIR Res Protoc 2018 | vol. 7 | iss. 11| e11289 | p. 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11491191&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-8-13
http://dx.doi.org/10.1186/1477-7525-8-13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20109189&dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12900694&dopt=Abstract
http://europepmc.org/abstract/MED/16336556
http://dx.doi.org/10.1111/j.1475-6773.2005.00438.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16336556&dopt=Abstract
http://dx.doi.org/10.1080/08870449908407311
http://dx.doi.org/10.1016/j.jpsychores.2005.10.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16731240&dopt=Abstract
http://heart.bmj.com/cgi/pmidlookup?view=long&pmid=24694797
http://dx.doi.org/10.1136/heartjnl-2013-305063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24694797&dopt=Abstract
http://dx.doi.org/10.1093/jat/bkt054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23934984&dopt=Abstract
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=10430788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10430788&dopt=Abstract
https://www.wada-ama.org/sites
http://www.webcitation.org/

                                            71T0PMv7m
https://www.leicestershospitals.nhs.uk/aboutus/departments-services/pathology/clinical-biochemistry/national-centre-for-drug-adherence-testing-ncat/
https://www.leicestershospitals.nhs.uk/aboutus/departments-services/pathology/clinical-biochemistry/national-centre-for-drug-adherence-testing-ncat/
https://www.leicestershospitals.nhs.uk/aboutus/departments-services/pathology/clinical-biochemistry/national-centre-for-drug-adherence-testing-ncat/
http://www.webcitation.org/

                                            71T0y35lM
http://europepmc.org/abstract/MED/28834483
http://dx.doi.org/10.1056/NEJMoa1611179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28834483&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2010.09.010
https://qrisk.org/2016/index.php
https://qrisk.org/2016/index.php
http://www.webcitation.org/

                                            70GW7ShEN
http://dx.doi.org/10.1016/j.ypmed.2016.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27413005&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-016-1757-7
http://dx.doi.org/10.1186/s13063-016-1757-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28069042&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Byrneet d

TEXTME: Tobacco, Exercise and Diet Messages

Edited by N Kuter; submitted 21.06.18; peer-reviewed by A Farmer, SFletcher; commentsto author 06.07.18; revised version received
09.08.18; accepted 20.08.18; published 12.11.18

Please cite as:

Byrne JL, Dallosso HM, Rogers S, Gray LJ, Waheed G, Patel P, Gupta P, Doherty Y, Davies M, Khunti K

The Ready to Reduce Risk (3R) Study for a Group Educational Intervention With Telephone and Text Messaging Support to Improve
Medication Adherence for the Primary Prevention of Cardiovascular Disease: Protocol for a Randomized Controlled Trial

JMIR Res Protoc 2018;7(11):€11289

URL: http://www.researchprotocols.org/2018/11/e11289/

doi: 10.2196/11289

PMID: 30425027

©Jo L Byrne, Helen M Dallosso, Stephen Rogers, Laura J Gray, Ghazala Waheed, Prashanth Patel, Panka) Gupta, Yvonne
Doherty, Melanie Davies, Kamlesh Khunti. Originally published in IMIR Research Protocols (http://www.researchprotocols.org),
12.11.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Research Protocals, is properly cited. The compl ete bibliographic information,
alink to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

http://www.researchprotocols.org/2018/11/e11289/ JMIR Res Protoc 2018 | vol. 7 | iss. 11| 11289 | p. 15
(page number not for citation purposes)

RenderX


http://www.researchprotocols.org/2018/11/e11289/
http://dx.doi.org/10.2196/11289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30425027&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

