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Abstract

Background: Cardiovascular disease is responsible for 31% of all global deaths. Primary prevention strategies are
needed to improve longer-term adherence to statins and healthy lifestyle behaviours to reduce risk in people at risk
of cardiovascular disease.

Methods: Pragmatic randomised controlled trial recruited between May 2016 and March 2017 from primary care
practices, England. Participants (n = 212) prescribed statins for primary prevention of cardiovascular disease with
total cholesterol level ≥ 5 mmol/l were randomised: 105 to the intervention group and 107 to the control group,
stratified by age and sex. The 3R intervention involved two facilitated, structured group education sessions focusing
on medication adherence to statins, lifestyle behaviours and cardiovascular risk, with 44 weeks of medication
reminders and motivational text messages and two supportive, coaching phone calls (at approximately 2 weeks and
6months). The control group continued with usual clinical care. Both groups received a basic information leaflet.
The primary outcome was medication adherence to statins objectively measured by a biochemical urine test. Self-
reported adherence and practice prescription data provided additional measures. Secondary outcomes included
cholesterol profile, blood pressure, anthropometric data, cardiovascular risk score, and self-reported lifestyle
behaviours and psychological measures (health/medication beliefs, quality of life, health status). All outcomes were
assessed at 12 months.

Results: Baseline adherence to statins was 47% (control) and 62% (intervention). No significant difference
between the groups found for medication adherence to statins using either the urine test (OR 1.02, 95% CI 0.34
to 3.06, P = 0.968) or other measures. This may have been due to the higher than expected adherence levels at
baseline. The adjusted mean difference between the groups (in favour of the intervention group) for diastolic
blood pressure (− 4.28 mmHg (95% CI − 0.98 to − 1.58, P = 0.002)) and waist circumference (− 2.55 cm (95% CI
− 4.55 to − 0.55, P = 0.012)). The intervention group also showed greater perceived control of treatment and
more coherent understanding of the condition.
(Continued on next page)
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Conclusions: The 3R programme successfully led to longer-term improvements in important clinical lifestyle
indicators but no improvement in medication adherence, raising questions about the suitability of such a
broad, multiple risk factor approach for improving medication adherence for primary prevention of CVD.

Trial registration: International Standard Randomized Controlled Trial Number (ISRCTN16863160), March 11, 2006.

Keywords: Cardiovascular disease, Medication adherence, Patient education, Complex interventions, Statins, Lifestyle
interventions, Behaviour interventions

Background
In 2016, approximately 17.9 million people died of car-
diovascular disease (CVD) which represented 31% of all
global deaths [1]. It is estimated that 80% of such deaths
are caused by preventable, premature heart disease and
stroke [2]. International guidelines for the primary pre-
vention of CVD provide evidence-based recommenda-
tions with regard to lifestyle factors (diet, exercise,
weight, smoking and alcohol) and statins to reduce risk
and prevent these diseases [3–5]. The general consensus
is that, despite some differences in the detail of the rec-
ommendations, there are benefits of exercise, cessation
of smoking and statins for people at high risk of CVD.
Regarding statin treatment, high-intensity statins are
specifically recommended for the primary prevention of
CVD in the United Kingdom (UK) [3] and the United
States of America (USA) [4]. In the UK, the recommenda-
tion is to offer a high-intensity statin for the primary pre-
vention of CVD to people who have a 10% or greater 10-
year risk of developing CVD, assessed by using the
QRISK2 assessment tool [6]; in the most recent guidance
published in the USA, a high-intensity statin is recom-
mended, without any CVD risk assessment, for people
aged between 20 and 73 years with a low-density lipopro-
tein cholesterol (LDL-C) level ≥ 190mg/dl (4.9mmol/l).
Against this background, health promotion interven-

tions have focused on modifying lifestyle behaviours as a
logical first step to reduce CVD risk, and multiple risk
factor interventions (ones that focus on several risks at
the same time by offering structured, comprehensive
lifestyle education) are generally considered to be the
best approach [7]. Such interventions have been shown
to have an effect on some risk factors, especially systolic
blood pressure, diastolic blood pressure, body mass
index and waist circumference [7]. However, there have
been very few multiple risk factor interventions for CVD
primary prevention that have medication adherence to
statins as a primary aim [8, 9].
Estimated rates of adherence to cardiovascular medi-

cation range from 50 to 60% [10, 11]. In particular, rates
of non-adherence to statins, when compared to other
CVD preventative medications, are much higher [12],
and poor adherence to statins (amongst primary preven-
tion patients) is associated with an increased risk of

CVD events or death [13]. Medication adherence is a
complex phenomenon that involves patient, clinician
and health system factors [14]. This complexity means
medication adherence is a difficult outcome to measure
effectively as no ‘gold standard’ measurement exists; it
has been highlighted that more robust and valid
methods for measuring adherence are needed, as well as
longer follow-up (12 months or more) evaluation to pro-
vide a more realistic understanding of the sustainability
of any effect [15]. Moreover, the evidence suggests that
different approaches to medication adherence are
needed to address the wide heterogeneity in diseases and
outcomes [14]. Therefore, the Ready to Reduce Risk (3R)
intervention was designed in response to the need for a
robust multiple risk factor intervention, primarily aimed
at improving medication to statins. It was developed
using the established Behaviour Change Wheel [16]
framework for designing interventions and the Medical
Research Council’s guidance for complex interventions
[17] and involves two group education sessions with
follow-up text messages and phone support [18].
Following the development of the intervention, we

conducted a pragmatic randomised controlled trial in
primary care patients already taking statins for the pri-
mary prevention of CVD. The primary objective was to
evaluate, using an objective biochemical adherence test
[12, 19], the impact of the 3R intervention on adherence
to statins at 12 months follow-up, when compared to the
‘usual care’ control.

Methods
Study design
The study is reported according to the Consolidated
Standards of Reporting (CONSORT) checklist [20]
(Additional file 1: Fig. S1), and details of the intervention
and study have been reported in a published protocol
paper [18]. The design was a pragmatic randomised con-
trolled trial with follow-up measures at 12 months. We
randomly assigned participants on a 1:1 basis to either
the control or intervention group (2 education sessions
with follow-up support involving 44 weeks of text mes-
sages and 2 phone calls), stratified by age (40–53 years
and 54–74 years) and sex. Participants from the same
household were automatically allocated to the same
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group to prevent contamination. Minimal contamination
was expected between participants from the same prac-
tice [21]. Trained study personnel, not involved in data
collection, carried out the randomisation using a secure,
computerised software program, following the baseline
data collection and confirmation of a total cholesterol
level (TC) ≥ 5 mmol/l in line with the eligibility criteria.
Blinding of participants was not possible; however, we
did take steps to reduce other biases: analysis was under-
taken by an independent statistician, and the general
practitioners and the urine test team were not informed
of a participant’s group allocation. Also, detailed proto-
col information was not made available until after re-
cruitment to prevent participants from accessing it [22].
The study was designed to be pragmatic, but to miti-

gate the effects of unbalanced clustering in the interven-
tion group, we used the following: a standardised
curriculum and a limited number of facilitators and
venues to deliver education, standardised text messages
and semi-scripted phone calls. Moreover, we assessed
process outcomes relating to fidelity to allow for clear
reporting of any variation that occurred, which is in line
with the Medical Research Council’s guidance for com-
plex interventions [17].
The design also incorporated a novel, objective bio-

chemical measure of adherence to statins in response to
the need for more robust measures. This measure can
detect sixty of the most common cardiovascular medica-
tions in a spot urine sample and has been shown to be a
reliable and practical tool for detecting non-adherence
[12, 19] which can be used in conjunction with other
measures to assess and improve adherence.
Recruitment and baseline data collection took place be-

tween May 2016 and March 2017, with follow-up between
May 2017 and April 2018. The study was conducted in col-
laboration with the Research and Innovation team based at
Northampton Healthcare NHS Foundation Trust and was
coordinated from the Leicester Diabetes Centre, UK.

Setting and participants
Participants were recruited from the National Health
Service general practices located in the Northampton-
shire region of England serving predominately white
communities from both rural and urban areas. Practices
were approached directly to take part, and lists of poten-
tial participants were identified via downloadable auto-
matic searches, based on the eligibility criteria, of the
practices’ electronic databases. These were screened by
clinical practice staff prior to the mailing of an invitation
letter (on practice-headed paper). The invitation letter
provided a brief summary about the study and what to
do if you wanted to take part. A reply slip with a prepaid
envelope was included for the response.

Positive responders were contacted to confirm their
interest and their eligibility and to book a slot for the
baseline clinic. At this point, an appointment letter with
a full patient information sheet was sent out to potential
participants to read prior to attendance at the clinic. An
appointment reminder text was also sent prior to the
clinic to encourage attendance. All positive responders
were assigned a study ID, and a log of all screening ac-
tivity was kept. Eligible participants were asked to attend
two nurse-led data collection clinics: at baseline and at
12 months. These were held in a suitable local venue. At
the baseline clinic prior to any data collection, the nurse
took written informed consent for all participants.
Participants were eligible if they were aged 40 to 74

years old inclusive, had an active statin prescription (at
least two issues within the 2 years prior to enrolment)
for CVD primary prevention, a total cholesterol (TC)
level ≥ 5.0 mmol/l at enrolment, sufficient English lan-
guage proficiency to participate in the intervention, able
to attend study visits, had access to a mobile phone to
receive text messages, able to provide informed consent,
willing to allow their general practitioner to be notified
of the study participation, had no preexisting CVD or
inherited lipid disorder and had no established type 1 or
type 2 diabetes. Any pregnant women or participants in
other clinical intervention studies (within 12 weeks prior
to enrolment) were excluded.

Primary outcome
The primary outcome was medication adherence to sta-
tins at 12 months. Participants were asked to provide a
urine sample on the days that they attended the data
collection clinics. These samples were then sent to a
central laboratory where they were analysed by the de-
velopers of the biochemical assay measure, which was
used to test for the presence of atorvastatin (first choice
recommendation for CVD primary prevention [3]), rosu-
vastatin (a second choice alternative) and common anti-
hypertensives. Details of this urine test have been de-
scribed previously [12, 19].

Secondary outcomes
Blood samples were taken for non-fasting lipid levels
[total cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C) and TC-to-HDL ratio] and were sent to
and analysed by local laboratories. Other clinical mea-
sures were systolic and diastolic blood pressure, weight,
body mass index, waist/hip circumference and waist-to-
hip ratio. Demographic data (age, sex, ethnicity, smoking
status), self-reported medical history (including a family
history of CVD) and the number of repeat medications
prescribed were recorded. CVD risk scores were calcu-
lated from the data collected, using the QRISK2 calcula-
tor [6]. Any post-baseline adverse events were reported
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in accordance with local, standard procedures. Following
the 12-month clinic visit, we obtained information from
the general practitioners’ databases on the number of
prescriptions issued for statins and anti-hypertensives (if
applicable) over the 12-month study period, and re-
corded pre-enrolment cholesterol results and the dates
of first statin prescriptions to define our study popula-
tion. The following self-reported, validated paper ques-
tionnaires were used: medication adherence to statins
(8-item Morisky Medication Adherence Scale or MMAS
which uses a sum of scores equaling either 8, 6 to < 8 or
< 6 to categorise adherence as high, medium or low, re-
spectively [23–25]), daily fruit and vegetable intake
(Five-A-Day Community Evaluation Tool which records
the number of portions consumed [26]), physical activity
(short form International Physical Activity Questionnaire
which asks 7 questions relating to different physical ac-
tivities to calculate the time spent, in metabolic equiva-
lent minutes per week, on these activities [27]), patient
activation level (short form Patient Activation Measure
which uses single-item questions on a 5-point Likert
scale which are analysed to give a total score between 0
and 100, with a higher score indicating more activation
[28]), health status (Euro Quality of Life 5 Dimensions
Questionnaire which asks 5-point Likert scale questions
to do with mobility, self-care, usual activities, pain/dis-
comfort and anxiety/depression and records the patient’s
self-rated health on a vertical visual analogue scale, with
higher scores indicating better health [29]), medication
beliefs (Beliefs about Medicines Questionnaire which
comprises two 5-point Likert scale question sections: the
‘specific’ which assesses representations of medication
prescribed for personal use and the ‘general’ which as-
sesses beliefs about medicines in general, with higher
scores indicating increased concerns [30]), health beliefs
(Brief Illness Perception Questionnaire uses 10-point
questions to assess perceptions about a condition relating
to consequence, timeline, personal control, treatment con-
trol, identity, concern and emotional representation [31])
and quality of life (15-dimensional questionnaire which
comprised questions relating to the quality of activities re-
quired for daily living, with a higher overall score on a 0–1
scale indicating a better quality of life [32]).
For any participants not able to attend the 12-month

clinic, questionnaires were sent via post and permission
was sought to retrieve any relevant clinical data from the
general practitioner. A secure, electronic contacts database
was used to generate all appointments and to record
process outcomes: attendance at clinics and education ses-
sions; initiation, delivery and stopping of text messages; and
delivery of follow-up phone calls. In addition, for interven-
tion participants, an anonymous evaluation form was given
out following the end of the education sessions to assess
the perceived acceptability and usefulness of the sessions.

Intervention and control groups
The development of the intervention and the theoretical
framework has been reported previously [18]. Interven-
tion participants were invited to attend two education
sessions and receive follow-up support (44 weeks of text
messages and two supportive coaching phone calls). The
education involved two group sessions (maximum of
eight participants), each lasting about 2 h, in a local
community venue. Each session was delivered by two
trained facilitators (one of whom was a health profes-
sional). Facilitator training involved a 2-day course led
by a clinical psychologist plus self-study and a practice
run. A written structured curriculum was used to deliver
the intervention supplemented by mixed-media educa-
tional resources. Session 1 explored understanding and
beliefs to do with CVD risk and how to manage it. Par-
ticipants were shown how to calculate their own risk
score by using a CVD risk calculator, prior to exploring
factors that influence risk, how these affect the body and
the important role that statins have to play in reducing
risk. Beliefs about adherence to statins were then ex-
plored and how these beliefs are influenced by others
such as the media. Session 2 increased knowledge and
awareness about how to have a healthier lifestyle to re-
duce CVD risk and introduced the concept of patient ac-
tivation [33] and behavioural control techniques (goal
setting, action planning, self-monitoring, prompting) to
support adherence to statins and a healthy lifestyle.
The support interventions included follow-up text

messages and phone calls. An independent text messa-
ging service was set up to deliver a series of automated,
unidirectional, personalised text messages providing, pri-
marily, medication reminders to take statins (e.g. “Have
you taken your tablets today?”), as well as information,
advice and motivation to improve diet, increase physical
activity and encourage smoking cessation, if relevant
(e.g. “Walking up and down a flight of stairs several
times is a great strengthening activity.”). We developed
our own medication reminder texts to prompt partici-
pants to take their statins each day, and we adapted a
bank of messages that had already been robustly devel-
oped and validated [34, 35] to deliver the lifestyle infor-
mation and motivational advice. Texts messages were
initiated manually by the study team following the sec-
ond education session and were delivered on a set
schedule, over 44 weeks, that could be stopped at any
time by the participant sending a text. Participants were
briefed about the text messaging and were also provided
with an information booklet. All texts sent were logged
and monitored to identify any problems.
For the phone calls, participants were called at home

by a trained member of the study team, experienced in
dealing with research participants, from a private office
using a designated phone. At least three attempts on
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different days were made to try and contact individuals.
Participants received individual calls (at approximately
2 weeks and 6 months) facilitated by a semi-structured
script, delivered using a patient-centred approach. Each
call lasted approximately 10–20min, and a written rec-
ord was kept, using a structured template. Participants
were called at a convenient time and questioned about
adherence to statins and healthy lifestyle behaviours.
Open questions were used to elicit information about
what had been going well and not so well, and partici-
pants were given the opportunity to discuss any pitfalls
and ways to overcome these.
The comparator group and the intervention group

continued with their usual general practitioner care for
the primary prevention of CVD, which may have in-
volved a CVD risk assessment, a medication review and
advice about adhering to statins and healthy lifestyle be-
haviours. Both groups were given a booklet with general
information about CVD risk prevention (‘Keep Your
Heart Healthy’ by the British Heart Foundation).

Sample size
The sample size calculation was based on data about the
percentage of non-adherers to cardiovascular medication
(including statins) from the Investigation of Text Mes-
sage Reminders on Adherence to Cardiac Treatment
(INTERACT) trial [36]. This study used text messaging,
as the sole intervention, and was a 6-month follow-up
study with a final control group adherence of 75% and
intervention group adherence of 91%, a 16 percentage
point difference. At 12 months, we expected similar ad-
herence levels to statin medications following our mul-
tiple risk intervention. Therefore, to detect a difference
in the proportion of statins adherers (of 16 percentage
points in the intervention group, at 12 months, com-
pared with the control group: 91% compared with 75%),
we required 84 participants per group with 80% power
and 5% significance. After allowing for a 20% dropout,
we required 105 participants per group, making 210 par-
ticipants in total.

Statistical methods
A statistical analysis plan was finalised and agreed prior
to data analysis. We compared participant characteristics
by group allocation, using either means (standard devia-
tions) or medians (interquartile ranges) for continuous
variables, and counts and percentages for nominal vari-
ables. Logistic regression was used to assess the differ-
ence in medication adherence by group, adjusted for the
stratification factors (sex and age) and baseline adher-
ence at 12 months. The primary outcome was assessed
at the 5% level with 95% confidence intervals and pri-
mary analysis and was based on complete data with sen-
sitivity analyses carried out on an intention-to-treat and

per-protocol basis (defined as participants who had
attended at least one group session of the intervention).
This was done to examine the robustness of conclusions
for missing data and attrition. To adhere to the
intention-to-treat principle, missing outcome data were
imputed by multiple imputation using the command
‘MI’ in Stata (version 15). This was carried out using lo-
gistic regression method with adherence to statin at 12
months as the response variable, adjusted for randomisa-
tion, adherence to statins at baseline and stratification
factors (sex and age), with 100 imputations. We also
conducted a secondary analysis by adding the MMAS
adherence data (a high adherence score of 8 defining ad-
herence to statins for this purpose) where urine adher-
ence data was missing. McNemar’s test was used to test
the consistency between the two measures where both
measures were available. These analyses were also re-run
without adjustment for baseline adherence at the request
of a reviewer. This analysis was not part of the original
analysis plan. The analysis of the secondary outcomes
was conducted in a similar manner using the appropriate
model type: logistic regression for binary outcomes, lin-
ear for continuous outcomes and ordinal for ordinal out-
comes. In addition, pre-specified subgroup analyses were
performed to look at the effect of the intervention. The
number of cardiovascular adverse events was reported.

Patient and public involvement
Prior to the study, we ran focus groups with patient and
public representatives and, in addition, had a patient
representative as part of the investigators’ team to pro-
vide input on the research question and the study de-
sign. This development work highlighted the need for an
intervention that not only looked at lifestyle factors but
focussed on adherence to statins and led us to have ad-
herence to statins as the primary outcome measure. We
sought further feedback from potential patient users
throughout the development of the intervention and the
study to refine and inform specific elements.

Results
A total of 212 adults were randomised between May
2016 and March 2017. Figure 1 shows the flow of
participants through the study. Eleven participants
(5%) failed to provide any follow-up data for analysis.
Urine data were available for 120 participants (57%),
and urine/MMAS-8 data (using MMAS values to
replace missing urine values) were available for 174
participants (82%). Eighty-six (82%) of intervention
participants attended at least one education session,
and 81 (77%) attended both education sessions and
received some text messages.
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Baseline characteristics
Table 1 and Additional file 2: Table S1show the partici-
pants’ characteristics at baseline. The participants were
predominately white ethnicity (n = 206 (97%)). There
were more women (n = 114 (54%)), and the mean age
was 63.9 (SD 7.2) years. The mean percentage risk of de-
veloping CVD in the next 10 years was 16.2% (SD 8.5),
with 60% (SD 28.30) of the participants having a mean
percentage CVD risk score greater than 20%. The me-
dian number of comorbidities for participants was 2
(interquartile range 1–3). Baseline adherence to statins
measured by the urine test was 47% (control n = 33) and
62% (intervention n = 40). Other participants’ baseline
characteristics were generally well balanced across the
two study groups. However, the control group was more
physically active than the intervention group, although
there was no difference between the groups for the total

activity. There was only one occurrence of two partici-
pants from the same household.

Adherence to statins at 12months (primary outcome)
Table 2 reports adherence to statins by randomisation
group and the adjusted odds ratio between the two
groups at 12 months follow-up. In the complete case
analysis, no differences were found between the control
and intervention groups for adherence to statins (urine
test) at 12 months (adjusted odds ratio 0.91, 95% confi-
dence interval 0.31 to 2.67). This was confirmed in the
sensitivity analyses for both intention-to-treat (adjusted
odds ratio 0.79, 95% confidence interval 0.30 to 2.09)
and per-protocol analyses (adjusted odds ratio 0.88, 95%
confidence interval 0.30 to 2.61). The self-reported
MMAS scores and the combination approach of using
MMAS data to populate missing urine data values also

Fig. 1 Flow chart
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revealed no differences between the groups for statin ad-
herence (Table 2). McNemar’s test showed a consistency
between the urine test measure and the self-report
MMAS measure (P = 0.006). The value of McNemar’s
chi-square was 7.68. When removing the adjustment for
baseline adherence, the overall interpretation of the re-
sults did not change with no difference between the
groups and wide uncertainty.

Secondary outcomes
Table 3 presents the secondary outcomes for the clinical
measures at 12-month follow-up, based on a complete
case analysis. Differences were adjusted for baseline
value and stratification categories (age and sex). Differ-
ences between the groups were found for waist circum-
ference (− 2.55 cm) and diastolic blood pressure (− 4.28

mmHg) and systolic blood pressure (− 4.19 mmHg), al-
though the latter was not statistically significant, in
favour of the intervention group.
A complete case analysis for adherence to anti-

hypertensive revealed no significant differences between
the control and intervention groups at 12months. How-
ever, there was a statistically better adherence with a com-
bined total adherence, for participants on both statins and
anti-hypertensives, from the urine test measure in favour
of the control group (Additional file 3: Table S2).
Table 4 and Additional file 4: Table S3 present the

secondary outcomes for the questionnaire measures and
the adjusted differences between the groups. A differ-
ence between the groups was found for self-reported
physical activity (513.65 more minutes per week spent
walking for at least 10 min) in favour of the control

Table 1 Baseline characteristics of participants by randomised group: usual care (control) and the 3R intervention. Values are means
(standard deviations) unless stated otherwise

Characteristics Control (n = 107) Intervention (n = 105) All participants (n = 212)

Age (years) 63.9 (6.9) 63.9 (7.5) 63.9 (7.2)

Ethnicity (no. (%))

White 104 (97) 102 (97) 206 (97)

Others 3 (3) 3 (3) 6 (3)

No. (%) women 58 (54) 56 (53) 114 (54)

No. (%) men 49 (46) 49 (47) 98 (46)

Smoking status (no. (%))

Current 8 (7) 5 (5) 13 (6)

Former 50 (47) 47 (45) 97 (46)

Never 49 (46) 53 (51) 102 (48)

Risk of CVD in next 10 years (mean % (SD)) 16 (7.6) 16 (9.4) 16.2 (8.5)

Comorbidities (median (interquartile range)) 2 (1–3) 2 (1–3) 2 (1–3)

Biometric measurements

Body weight (kg) 81.2 (18.4) 81.5 (17.4) 81.3 (17.9)

Body mass index (kg/m2) 28.9 (5.1) 28.8 (4.7) 28.9 (5.0)

Waist circumference (cm) 97.3 (13.4) 98.5 (13.0) 97.9 (13.2)

Hip circumference (cm) 106.5 (11.5) 106.2 (9.4) 106.3 (10.5)

Waist-to-hip ratio 0.9 (0.1) 0.9 (0.1) 0.9 (0.1)

Systolic blood pressure (mmHg) 142.0 (18.0) 139.3 (18.1) 140.7 (18.1)

Diastolic blood pressure (mmHg) 87.4 (10.0) 86.1 (10.9) 86.8 (10.4)

Adherences to statins variables

Urine test for statin adherence (no. (%)) 33 (47) 40 (62) 73 (54)

MMAS* score = 8 for high adherence (no. (%)) 35 (33) 32 (30) 67 (32)

Total cholesterol (mmol/l) 5.8 (0.8) 5.9 (0.8) 5.9 (0.8)

High density lipoprotein cholesterol (mmol/l) 1.7 (0.6) 1.6 (0.5) 1.7 (0.5)

TC:HDL ratio 3.9 (1.3) 3.9 (1.4) 3.9 (1.3)

No. of years on statins prior to enrolment mean (range) 8.0 (1.2–20.8) 8.3 (1.1–20.6) 8.2 (1.1–20.8)

TC:HDL total cholesterol-to-high-density lipoprotein
*Use of the©MMAS is protected by the US and international copyright laws. Permission for use is required. A licence agreement is available from Donald E.
Morisky, MMAS Research (MORISKY), 294 Lindura Court, Las Vegas, NV 89138-4632; dmorisky@gmail.com
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group. Other differences, in favour of the intervention
group scoring more highly on the Brief Illness Percep-
tion Questionnaire, were a self-reported likeliness to feel
more in control of their treatment and to have a more
coherent understanding about their condition.

Subgroup analyses
Figure 2 shows the results of the subgroup analyses. No
interaction effects were found between the control and
intervention groups for the primary outcome.

Cardiovascular adverse outcomes
A total of four cardiovascular adverse events were re-
ported (2 myocardial infarctions and 1 heart failure in
the control group; 1 diagnosis of atrial fibrillation in the
intervention group).

Process outcomes
In the intervention group, 82 feedback forms were com-
pleted following the education sessions. The majority of
participants felt the education sessions were easy to

Table 2 Adherence to statins at 12 months follow-up between participants randomised to usual care (control) or the 3R
intervention

Variables Number of participants (%) Adjusted at follow-upa Adjusted at follow-up*

Total** Control Total** Intervention Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Complete caseb

Statin adherence (urine) 66 36 (55) 54 34 (63) 0.91 (0.31 to 2.67) 0.860 1.37 (0.66 to 2.88) 0.399

Statin adherence (MMAS) 95 36 (38) 79 37 (47) 1.82 (0.89 to 3.74) 0.103 1.46 (0.79 to 2.69) 0.227

Intention to treatc

Statin adherence (urine) 107 62 (57) 105 66 (63) 0.79 (0.30 to 2.09) 0.638 1.24 (0.62 to 2.47) 0.541

Statin adherence (MMAS) 107 39(36) 105 48 (46) 1.81 (0.89 to 3.67) 0.101 1.48 (0.82 to 2.69) 0.193

Per protocold

Statin adherence (urine) 66 36 (55) 48 31 (61) 0.88 (0.30 to 2.61) 0.824 1.25 (0.59 to 2.64) 0.560

Statin adherence (MMAS) 95 36 (38) 74 36 (49) 1.93 (0.93 to 3.99) 0.076 1.55 (0.83 to (2.90) 0.164

Urine-MMAS datae 95 47 (50) 80 46 (58) 0.97 (0.48 to 1.99) 0.945 1.37 (0.75 to 2.50) 0.301

CI confidence interval
*Adjusted for stratification factors: sex and age; odds ratio > 1 favours intervention
**Total number includes all participants who had either a urine test or if urine test is not performed, MMAS data available at 12months
aAdjusted for stratification factors: sex and age and baseline value; odds ratio > 1 favours intervention
bParticipants with missing outcome data or missing variables required for the model adjustment were excluded
cMissing data imputed using multiple imputation
dParticipants who did not engage with at least one group session of the programme have been excluded from the intervention arm
eMorisky Medication Adherence Scale (MMAS) was used by adding the MMAS adherence data where urine adherence data were missing, using a high score of 8
to indicate high adherence. Use of the©MMAS is protected by US and international copyright laws. Permission for use is required. A licence agreement is available
from Donald E. Morisky, MMAS Research (MORISKY), 294 Lindura Court, Las Vegas, NV 89138-4632; dmorisky@gmail.com

Table 3 Changes in clinical measures at 12 months between participants randomised to usual practice (control) or to the 3R
intervention

Variable Number of participants (%) Mean (SD) Adjusted difference at follow-up*

Control Intervention Control Intervention Coefficient (95% CI) P value

BMI (kg/m2) 86 (80) 69 (66) 28.60 (5.15) 28.29 (4.64) − 0.36 (− 0.77 to 0.05) 0.088

Body weight (kg) 86 (80) 69 (66) 80.41 (17.43) 79.88 (16.34) − 0.99 (− 2.12 to 0.13) 0.084

Waist circumference (cm) 86 (80) 69 (66) 99.44 (13.96) 98.22 (13.13) − 2.55 (− 4.55 to − 0.55) 0.013

Hip circumference (cm) 86 (80) 69 (66) 107.39 (10.63) 107.70 (9.75) 0.79 (− 1.14 to 2.73) 0.419

Systolic BP (mmHg) 86 (80) 69 (66) 141.93 (19.04) 137.55 (18.96) − 4.19 (− 9.13 to 0.76) 0.096

Diastolic BP (mmHg) 86 (80) 69 (66) 85.00 (9.77) 80.52 (10.88) − 4.28 (− 6.98 to − 1.58) 0.002

Total cholesterol (mmol/l) 86 (80) 69 (66) 5.46 (1.01) 5.21 (0.70) − 0.21 (− 0.46 to 0.05) 0.120

HDL cholesterol (mmol/l) 86 (80) 69 (66) 1.65 (0.59) 1.63 (0.45) 0.01 (− 0.06 to 0.08) 0.814

TC-to-HDL ratio 86 (80) 69 (66) 3.59 (1.14) 3.44 (1.04) − 0.18 (− 0.40 to 0.05) 0.128

CVD risk score 86 (80) 69 (66) 17.06 (10.30) 16.71 (9.20) − 1.36 (− 3.28 to 0.56) 0.165

Number of prescriptions 99 (93) 92 (88) 10.80 (3.95) 11.82 (3.62) 0.98 (− 0.07 to 2.04) 0.067

CI confidence interval
*Adjusted difference at 12 months between treatment groups with 95% confidence interval, P value; adjusted for baseline value and stratification categories (age
and sex)

Byrne et al. BMC Medicine          (2020) 18:198 Page 8 of 13

mailto:dmorisky@gmail.com


access (82%), they were given opportunities to speak
(73%), the facilitators were friendly and understanding
(74%) and support for CVD awareness was given (74%).
Regarding behavioural change, 73% felt it was worth-
while and 63% felt it was achievable (Additional file 5:
Table S4).

Discussion
In this pragmatic randomised controlled trial, a multiple
risk factor intervention, involving group education with
text messaging and telephone support, sought to im-
prove adherence to statins and healthy lifestyle behav-
iours in people at risk of CVD. At 12 months, there were
no differences between the control and intervention
groups for adherence to statins, but there were improve-
ments in blood pressure and waist circumference, in
favour of the intervention group. Intervention partici-
pants felt more in control of and had a more coherent
understanding of their condition; additionally, the ma-
jority of intervention participants perceived the educa-
tion sessions as supporting their CVD awareness and felt
behavioural change was worthwhile. In comparison, in
favour of the control group, there was a difference in
physical activity levels for the ‘walk at least 10 min’ per
day category and a difference in combined total

adherence (adherence to both statins and anti-
hypertensives) using the urine test measure.
The study had a number of strengths. It addressed an

important research question to find out whether inter-
ventions for improving adherence to statins can be suc-
cessful as part of a multiple risk factor approach. The
study also addressed the limitations of previous studies.
A novel, objective urine measure was used as the pri-
mary measure to detect adherence to statins to offer a
more robust and simple way of measuring medication
adherence, which did not solely depend on self-report.
Furthermore, we measured the effect of the intervention
over the longer term of 12 months. The need for longer-
term follow-up, to show the sustainability of interven-
tions aimed at improving adherence to statins, has been
highlighted previously [15]. Robust methods, theories
and guidance were used to design the 3R intervention,
and patient involvement was integral to choosing adher-
ence to statins as the focus of the intervention and the
primary outcome.
As already noted, the blinding of participants was not

possible, but we took steps (where possible) to reduce
the risk of bias with regard to the blinding of general
practitioners, researchers and participants. We also en-
sured that the intervention was delivered consistently
across the groups. However, as is often the case with

Table 4 Scores for questionnaire measures at 12 months between participants randomised to usual practice (control) or to the 3R
intervention

Number of participants (%) Mean (SD) Adjusted difference at follow-upa

Control Intervention Control Intervention Coefficient (95% CI) P value

IPAQb (metabolic equivalent minutes per week)

Vigorous activity 86 (80) 69 (66) 726.36 (1539.79) 481.90 (1078.52) − 224.52 (− 574.62 to 125.58) 0.208

Moderate activity 86 (80) 69 (66) 814.02 (1312.92) 903.81 (1529.19) 87.66 (− 300.06 to 475.38) 0.656

Walk at least 10 min 86 (80) 69 (66) 1183.99 (1270.59) 701.96 (874.42) − 513.65(− 795.19 to − 232.12) < 0.001

Total activity 86 (80) 69 (66) 2724.40 (2623.31) 2087.69 (2350.60) − 621.72(− 1287.59 to 44.15) 0.067

Brief IPQc

Consequences 97 (91) 80 (76) 2.71 (2.19) 3.00 (2.40) 0.003 (− 0.54 to 0.55) 0.992

Timeline 97 (91) 80 (76) 7.72 (3.11) 8.48 (2.60) 0.41 (− 0.43 to 1.26) 0.336

Personal control 97 (91) 80 (76) 6.31 (2.55) 6.54 (2.59) 0.31 (− 0.42 to 1.05) 0.402

Treatment control 97 (91) 80 (76) 7.29 (2.20) 7.90 (2.18) 0.66 (0.07 to 1.25) 0.027

Identity 97 (91) 80 (76) 3.20 (2.53) 3.32 (2.70) 0.08 (− 0.59 to 0.75) 0.818

Concern 97 (91) 80 (76) 4.21 (2.59) 4.95 (2.95) 0.49 (− 0.25 to 1.23) 0.192

Coherence 97 (91) 80 (76) 7.14 (2.43) 7.82 (2.41) 0.70 (0.07 to 1.33) 0.030

Emotional representation 97 (91) 80 (76) 2.69 (2.32) 3.17 (2.78) 0.20 (− 0.37 to 0.77) 0.491

Overall IP score 97 (91) 80 (76) 3.72 (1.39) 3.81 (1.65) − 0.16 (− 0.51 to 0.19) 0.364

CI confidence interval
aAdjusted difference for baseline value and stratification categories (age and sex)
bInternational Physical Activity Questionnaire (IPAQ): the amount of metabolic equivalent (MET) minutes =minutes reported per category—× 4 (moderate), × 8
(vigorous) and × 3.3 (walking). Total activity = sum of MET minutes
cBrief Illness Perception Questionnaire (IPQ): scale for all responses ranges from 0 to 10. High scores on timeline, consequences, identity, concern and emotional
representation reflect a more threatening/poor general health. High scores on the personal control, treatment control and coherence dimensions represent
positive beliefs about the controllability of the illness and a personal understanding of the condition

Byrne et al. BMC Medicine          (2020) 18:198 Page 9 of 13



pragmatic trials, there were a number of limitations. A
large proportion of our study population showed high
levels of adherence at baseline, especially in the interven-
tion group, which may have been a key reason as to why
the intervention did not lead to an improvement in sta-
tin adherence and resulted in a better total combined
adherence to both statins and anti-hypertensives in
favour of the control group at 12 months. To gain fur-
ther insight into this issue, a post hoc comparison of
baseline characteristics between those participants with
and without a urine test was carried out (Additional file 6:

Table S5). This revealed that participants with a urine
measurement had a greater mean age (+ 2.1 years) and
were more likely to have never smoked, showing that se-
lection bias may have occurred in our sample that may
explain some of the difference in baseline adherence
levels. From an ethical viewpoint, the participants also
had to be made aware that their urine was been tested
for the presence of statins, which meant that many of
the participants might have been more motivated to take
their statins prior to the study visit. This ‘toothbrush ef-
fect’ is a recognised phenomenon in general practice

Fig. 2 Forest plot of the effect of the 3R intervention at 12 months on the primary endpoints by subgroup
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where patients take their medications prior to a follow-
up visit [37]. Thus, the ‘spot check’ urine test might have
underestimated non-adherence; although, when com-
pared to the MMAS-8 self-report, the urine biochemical
test detected a higher level of non-adherence at baseline
(46% versus 40% reporting a low adherence score (< 6)
with MMAS-8). The limited accuracy of the MMAS-8
when compared to biochemical medication testing has
been demonstrated previously [38]. Therefore, despite its
limitations, the urine test would appear to be a more ro-
bust and sensitive test for detecting non-adherence than
using a self-report measure.
Another limitation of the urine test is that it can only

detect the recommended high-intensity statins (e.g. ator-
vastatin and rosuvastatin). Disappointingly, although we
recruited to target, at baseline, 63% of participants were
still been prescribed low-intensity statins (e.g. simva-
statin 20 mg) which could not be tested for with the
urine test—due to the short half-life of simvastatin—and
this affected our sample size for analysis. Recent evi-
dence has suggested that patients receiving high-
intensity statins, such as atorvastatin, are more likely to
be adherent, resulting in larger reductions in cholesterol
levels and CVD risk [39]. In our study, as we could only
test for the high-intensity statins, this would mean that
the urine test was potentially testing the more adherent
participants at baseline. There was also a high risk of an
attrition bias that was further confounded by the high
dropout rates for the 12-month clinics. Our control
group was also more physically active at baseline which
probably accounted for the improvement in physical ac-
tivity (walk at least 10 min) result, in favour of the con-
trol group. To gain further insight into the reasons for
the high dropout rates, we also compared baseline char-
acteristics between those participants who had com-
pleted the study with participants who were non-
completers (Additional file 7: Table S6). This analysis
was not part of the statistical plan. Study completers
were more likely to have never smoked and had a lower
mean total cholesterol level (− 0.3 mmol/l). This suggests
that they may have been the more adherent participants
at baseline and is another possible reason as to why the
intervention was not effective.
Review evidence suggests that the intensification of pa-

tient care (involving strategies such as pharmacist-led in-
terventions, multidisciplinary education or counselling
sessions, and automated reminders) can improve both
shorter-term and longer-term adherence to statins [15].
Our study showed no significant differences between the
groups for adherence to statins following a multiple risk
intervention that involved intensifying patient care via
group education, text reminders and phone support.
However, the intervention group showed improvements
in waist circumference and blood pressure when

compared to the control group. A previous multiple risk
intervention, that involved face-to-face nurse counsel-
ling, focused on improving adherence to statins, redu-
cing overweight, smoking cessation and increasing
physical activity, with patients’ personal data sum-
marised in a personal risk-factor passport [8]. Following
this intervention, the study showed higher adherence
levels to statins and lower cholesterol levels for primary
prevention patients’ averaged outcomes for 3-, 9- and
18-month time points. A possible reason why our inter-
vention led to improvements in blood pressure and waist
circumference, but not in adherence to statins, might be
to do with the intervention participants working on
maintaining a healthy lifestyle rather than taking their
statins, despite the intervention focussing on both these
issues. Action planning was used as a behavioural con-
trol technique to help participants choose and prioritise
specific goals, and it may have resulted in participants
focussing more on healthy lifestyle choices rather than
medication adherence. In the nurse-led intervention, all
participants were initiated on statins, as part of the
study, whereas in our study, participants had been pre-
scribed statins for an average of 8 years prior to enrol-
ment. Therefore, there was no real trigger in our study
to bring about better statin adherence, and we did not
interfere with participants’ statin treatment which, if we
had, could have acted as a prompt for better adherence.
Intervention participants showed increased levels of con-
trol and understanding with regard to their condition,
and it appears that they exerted this control in engaging
in a more healthy behaviour that led to improved blood
pressure and waist circumference. These improvements
in blood pressure and waist circumference do fit with re-
view evidence looking at the effect of multiple risk inter-
ventions for the primary prevention of CVD [7].
However, the improvement in waist circumference in
the intervention group did not see similar improvements
in BMI, weight, hip circumference and hip-to-waist ra-
tio, which may suggest a possible measurement error
with waist circumference that has skewed this result.

Conclusion
The 3R multiple risk intervention did not improve ad-
herence to statins for the primary prevention of CVD,
but it did lead to improvements in blood pressure and
waist circumference, indicating possible engagement in
healthy lifestyle behaviours within a pragmatic context
which increases the generalisability of the findings and
their applicability to usual clinical practice. Our study
suggests that, in people who have been on statins for a
number of years for the primary prevention of CVD, a
broad, multiple risk approach may not be the most ef-
fective to bring about improved adherence to statins. In
long-term statin users, a better approach to medication
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adherence would be to target this issue separately so
that patients are focussed on changing just this be-
haviour. Educational interventions, targeting both pri-
mary healthcare providers and patients, could be
beneficial to ensure that this problem is addressed
directly at the point of care, using tools (like the
urine test used in this study) to initiate a discussion
about the need for statin adherence.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12916-020-01664-0.

Additional file 1: Fig. S1. CONSORT checklist.

Additional file 2: Table S1. Baseline questionnaire data.

Additional file 3: Table S2. Adherence to hypertensives at 12 months.

Additional file 4: Table S3. Questionnaires outcomes.

Additional file 5: Table S4. Process outcomes.

Additional file 6: Table S5. Baseline characteristics of participants
between those with and without a urine measurement at 12 months.

Additional file 7: Table S6. Baseline characteristics of completers
versus non-completers at 12 months.

Abbreviations
CONSORT: Consolidated Standards of Reporting; CI: Confidence interval;
CVD: Cardiovascular disease; HDL-C: High-density lipoprotein cholesterol;
LDL-C: Low-density lipoprotein cholesterol; MI: Multiple imputations;
MMAS: Morisky Medication Adherence Scale; SD: Standard deviation;
TC: Total cholesterol

Acknowledgements
We thank the participants for taking part, our R&I colleagues from the
Northamptonshire Healthcare Foundation NHS Trust for their help with
delivering the study, Carolyn Currie for running the research clinics, Vasanti
Shah for carrying out the follow-up calls and our team of administrators for
booking appointments and doing data entry.
The TEXTME Message Bank was developed and validated by the University
of Sydney, Sydney, Australia, and the George Institute and was used under
licence.
The 8-item Morisky Medication Adherence Scale is protected by US copy-
right laws. Permission for use is required. A licence agreement is available
from Donald E Morisky, ScD, ScM, MSPH, Professor, Department of Commu-
nity Health Sciences, UCLA School of Public Health, 650 Charles E Young
Drive South, Los Angeles, CA 90095-1772, USA.

Authors’ contributions
KK conceived the original idea and is the chief investigator. KK, SR, LG, JB
and HD led the overall design of the randomised controlled trial. JB and HD
led on the project administration. YD was responsible for the development
of the intervention. GW conducted the statistical analysis under the
supervision of LG. PP and PG were responsible for the urine test analysis. JB
drafted the first draft of this manuscript, and all authors have reviewed,
edited and approved the final version. KK and JB are the guarantors and
attest that all listed authors meet the authorship criteria and that no others
meeting the criteria have been omitted. All authors read and approved the
final manuscript.

Funding
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 authors and not necessarily those of the UK
National Health Service, the NIHR or the UK Department of Health.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by the Health Research Authority East Midlands-
Leicester South Research Ethics Committee (15/EM/0472). All participants
gave informed consent before taking part.

Competing interests
No support from any organisation for the submitted work; no financial
relationships with any organisations that might have an interest in the
submitted work in the previous 3 years, and no other relationships or
activities that could appear to have influenced the submitted work. KK
reports personal fees from Amgen, AstraZeneca, Bayer, NAPP, Lilly, Merck
Sharp & Dohme, Novartis, Novo Nordisk, Roche, Berlin-Chemie AG/Menarini
Group, Sanofi-Aventis, Servier and Boehringer Ingelheim, and grants from Pfi-
zer, Boehringer Ingelheim, AstraZeneca, Novartis, Novo Nordisk, Sanofi-
Aventis, Lilly, Merck Sharp & Dohme, and Servier, outside the submitted
work.

Author details
1Leicester Diabetes Centre, University Hospitals of Leicester NHS Trust,
Leicester, UK. 2Department of Health Sciences, University of Leicester,
Leicester, UK. 3Innovation and Research Unit, Northamptonshire Healthcare
NHS Foundation Trust, Northampton, UK. 4Diabetes Research Centre,
Leicester General Hospital, University of Leicester, Leicester, UK. 5Department
of Cardiovascular Sciences, University of Leicester, Leicester, UK. 6Department
of Clinical Pathology and Metabolic Sciences, University Hospitals of Leicester
NHS Trust, Leicester, UK. 7York Diabetes Centre, York Teaching Hospital NHS
Foundation Trust, York, UK.

Received: 4 March 2020 Accepted: 11 June 2020

References
1. World Health Organisation. Fact sheet: cardiovascular diseases (CVDs) 2017

[updated May 2017]. Available from: https://www.who.int/news-room/fact-
sheets/detail/cardiovascular-diseases-(cvds) [Accessed June 2019].

2. World Health Organisation . The challenge of cardiovascular disease – quick
statistics. 2019. Available from: http://www.euro.who.int/en/health-topics/
noncommunicable-diseases/cardiovascular-diseases/data-and-statistics
[Accessed: June 2019].

3. National Institute for 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: 2014
(Updated 2016) Contract No.: CG181. Available from: https://www.nice.uk/
guidance/CG181. Accessed June 2019.

4. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ,
et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular
Disease. Circulation. 2019;0(0):CIR.0000000000000678. https://doi.org/10.
1161/CIR.0000000000000678.

5. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al.
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 societies and by invited experts)
developed with the special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Atherosclerosis. 2016;
252:207–74. https://doi.org/10.1093/eurheartj/ehw106.

6. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh A,
et al. Predicting cardiovascular risk in England and Wales: prospective
derivation and validation of QRISK2. BMJ. 2008;336(7659):1475–82. https://
doi.org/10.1136/bmj.39609.449676.25.

7. Uthman OA, Hartley L, Rees K, Taylor F, Ebrahim S, Clarke A, et al. Multiple
risk factor interventions for primary prevention of cardiovascular disease in
low-and middle-income countries. Cochrane Database Syst Rev. 2015;8:
CD011163. https://doi.org/10.1002/14651858.CD011163.pub2.

8. Nieuwkerk PT, Nierman MC, Vissers MN, Locadia M, Greggers-Peusch P,
Knape LP, et al. Intervention to improve adherence to lipid-lowering
medication and lipid-levels in patients with an increased cardiovascular risk.

Byrne et al. BMC Medicine          (2020) 18:198 Page 12 of 13

https://doi.org/10.1186/s12916-020-01664-0
https://doi.org/10.1186/s12916-020-01664-0
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-
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
https://www.nice.uk/guidance/CG181
https://www.nice.uk/guidance/CG181
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1136/bmj.39609.449676.25
https://doi.org/10.1136/bmj.39609.449676.25
https://doi.org/10.1002/14651858.CD011163.pub2


Am J Cardiol. 2012;110(5):666–72. https://doi.org/10.1016/j.amjcard.2012.04.
045.

9. Aslani P, Rose G, Chen TF, Whitehead PA, Kras I. A community pharmacist
delivered adherence support service for dyslipidaemia. Eur J Pub Health.
2011;21(5):567–72. https://doi.org/10.1093/eurpub/ckq118.

10. Chowdhury R, Khan H, Heydon E, Shroufi A, Fahimi S, Moore C, et al.
Adherence to cardiovascular therapy: a meta-analysis of prevalence and
clinical consequences. Eur Heart J. 2013;34(38):2940–8. https://doi.org/10.
1093/eurheartj/eht295.

11. Naderi SH, Bestwick JP, Wald DS. Adherence to drugs that prevent
cardiovascular disease: meta-analysis on 376,162 patients. Am J Med. 2012;
125(9):882–7.e1. https://doi.org/10.1016/j.amjmed.2011.12.013.

12. Patel P, Gupta P, Burns A, Mohamed AA, Cole R, Lane D, et al. Biochemical
urine testing of adherence to cardiovascular medications reveals high rates
of nonadherence in people attending their annual review for type 2
diabetes. Diabetes Care. 2019;42(6):1132–5. https://doi.org/10.2337/dc18-
1453.

13. 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;18(6):896–
905. https://doi.org/10.1016/j.jval.2015.06.002.

14. 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.

15. van Driel ML, Morledge MD, Ulep R, Shaffer JP, Davies P, Deichmann R.
Interventions to improve adherence to lipid-lowering medication. Cochrane
Database Syst Rev. 2016;12:CD004371. https://doi.org/10.1002/14651858.
CD004371.pub4.

16. Michie S, Van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interventions.
Implement Sci. 2011;6:42. https://doi.org/10.1186/1748-5908-6-42.

17. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M.
Developing and evaluating complex interventions: the new Medical
Research Council guidance. BMJ. 2008;337:a1655. https://doi.org/10.1136/
bmj.a1655.

18. Byrne JL, Dallosso HM, Rogers S, Gray LJ, Waheed G, Patel P, et al. 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):e11289. https://doi.
org/10.2196/11289.

19. Tomaszewski M, White C, Patel P, Masca N, Damani R, Hepworth J, et al.
High rates of non-adherence to antihypertensive treatment revealed by
high-performance liquid chromatography-tandem mass spectrometry (HP
LC-MS/MS) urine analysis. Heart. 2014;100(11):855–61. https://doi.org/10.
1136/heartjnl-2013-305063.

20. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMC Med. 2010;8:
18. https://doi.org/10.1186/1741-7015-8-18.

21. Keogh-Brown M, Bachmann M, Shepstone L, Hewitt C, Howe A, Ramsay CR,
et al. Contamination in trials of educational interventions. Health Technol
Assess. 2007;11(43):iii, ix–107. https://doi.org/10.3310/hta11430.

22. 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;18(1):5. https://doi.org/10.1186/s13063-
016-1757-7.

23. 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;
10(5):348–54. https://doi.org/10.1111/j.1751-7176.2008.07572.x.

24. Berlowitz DR, Foy CG, Kazis LE, Bolin LP, Conroy MB, Fitzpatrick P, et al.
Effect of intensive blood-pressure treatment on patient-reported outcomes.
N Engl J Med. 2017;377(8):733–44. https://doi.org/10.1056/NEJMoa1611179.

25. Morisky DE, DiMatteo MR. Improving the measurement of self-reported
medication nonadherence: response to authors. J Clin Epidemiol. 2011;64(3):
255–7; discussion 258-63. https://doi.org/10.1016/j.jclinepi.2010.09.002.

26. Ashfield-Watt P, Welch A, Godward S, Bingham S. Effect of a pilot
community intervention on fruit and vegetable intakes: use of FACET (Five-
a-day Community Evaluation Tool). Public Health Nutr. 2007;10(7):671–80.
https://doi.org/10.1017/S1368980007382517.

27. Craig CL, Marshall AL, Sjorstrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and

validity. Med Sci Sports Exerc. 2003;35(8):1381–95. https://doi.org/10.1249/01.
MSS.0000078924.61453.FB.

28. Hibbard JH, Mahoney ER, Stockard J, Tusler M. Development and testing of
a short form of the patient activation measure. Health Serv Res. 2005;40(6 Pt
1):1918–30. https://doi.org/10.1111/j.1475-6773.2005.00438.x.

29. Dyer MT, Goldsmith KA, Sharples LS, Buxton MJ. A review of health utilities
using the EQ-5D in studies of cardiovascular disease. Health Qual Life
Outcomes. 2010;8:13. https://doi.org/10.1186/1477-7525-8-13.

30. Horne R, Weinman J, Hankins M. The beliefs about medicines questionnaire:
the development and evaluation of a new method for assessing the
cognitive representation of medication. Psychol Health. 1999;14(1):1–24.
https://doi.org/10.1080/08870449908407311.

31. Broadbent E, Petrie KJ, Main J, Weinman J. The brief illness perception
questionnaire. J Psychosom Res. 2006;60(6):631–7. https://doi.org/10.1016/j.
jpsychores.2005.10.020.

32. Sintonen H. The 15D instrument of health-related quality of life: properties
and applications. Ann Med. 2001;33(5):328–36. https://doi.org/10.3109/
07853890109002086.

33. 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;39(4 Pt 1):1005–26. https://
doi.org/10.1111/j.1475-6773.2004.00269.x.

34. Redfern J, Thiagalingam A, Jan S, Whittaker R, Hackett M, 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;21(4):
492–9. https://doi.org/10.1177/2047487312449416.

35. 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: a randomized clinical trial. JAMA. 2015;314(12):1255–
63. https://doi.org/10.1001/jama.2015.10945.

36. Wald DS, Bestwick JP, Raiman L, Brendall R, Wald NJ. Randomised trial of
text messaging on adherence to cardiovascular preventive treatment
(INTERACT trial). PLoS One. 2014;9(12):e114268. https://doi.org/10.1371/
journal.pone.0114268.

37. Chatterjee J. From compliance to concordance in diabetes. J Med Ethics.
2006;32(9):507–10. https://doi.org/10.1136/jme.2005.012138.

38. Pandey A, Raza F, Velasco A, Brinker S, Ayers C, Das SR, et al. Comparison of
Morisky Medication Adherence Scale with therapeutic drug monitoring in
apparent treatment–resistant hypertension. J Am Soc Hypertens. 2015;9(6):
420–426.e2. https://doi.org/10.1016/j.jash.2015.04.004.

39. Khunti K, Danese MD, Kutikova L, Catterick D, Sorio-Vilela F, Gleeson M, et al.
Association of a combined measure of adherence and treatment intensity with
cardiovascular outcomes in patients with atherosclerosis or other
cardiovascular risk factors treated with statins and/or ezetimibe. JAMA Netw
Open. 2018;1(8):e185554. https://doi.org/10.1001/jamanetworkopen.2018.555.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Byrne et al. BMC Medicine          (2020) 18:198 Page 13 of 13

https://doi.org/10.1016/j.amjcard.2012.04.045
https://doi.org/10.1016/j.amjcard.2012.04.045
https://doi.org/10.1093/eurpub/ckq118
https://doi.org/10.1093/eurheartj/eht295
https://doi.org/10.1093/eurheartj/eht295
https://doi.org/10.1016/j.amjmed.2011.12.013
https://doi.org/10.2337/dc18-1453
https://doi.org/10.2337/dc18-1453
https://doi.org/10.1016/j.jval.2015.06.002
https://doi.org/10.1001/jama.2018.19271
https://doi.org/10.1002/14651858.CD004371.pub4
https://doi.org/10.1002/14651858.CD004371.pub4
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1136/bmj.a1655
https://doi.org/10.1136/bmj.a1655
https://doi.org/10.2196/11289
https://doi.org/10.2196/11289
https://doi.org/10.1136/heartjnl-2013-305063
https://doi.org/10.1136/heartjnl-2013-305063
https://doi.org/10.1186/1741-7015-8-18
https://doi.org/10.3310/hta11430
https://doi.org/10.1186/s13063-016-1757-7
https://doi.org/10.1186/s13063-016-1757-7
https://doi.org/10.1111/j.1751-7176.2008.07572.x
https://doi.org/10.1056/NEJMoa1611179
https://doi.org/10.1016/j.jclinepi.2010.09.002
https://doi.org/10.1017/S1368980007382517
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1111/j.1475-6773.2005.00438.x
https://doi.org/10.1186/1477-7525-8-13
https://doi.org/10.1080/08870449908407311
https://doi.org/10.1016/j.jpsychores.2005.10.020
https://doi.org/10.1016/j.jpsychores.2005.10.020
https://doi.org/10.3109/07853890109002086
https://doi.org/10.3109/07853890109002086
https://doi.org/10.1111/j.1475-6773.2004.00269.x
https://doi.org/10.1111/j.1475-6773.2004.00269.x
https://doi.org/10.1177/2047487312449416
https://doi.org/10.1001/jama.2015.10945
https://doi.org/10.1371/journal.pone.0114268
https://doi.org/10.1371/journal.pone.0114268
https://doi.org/10.1136/jme.2005.012138
https://doi.org/10.1016/j.jash.2015.04.004
https://doi.org/10.1001/jamanetworkopen.2018.555

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Setting and participants
	Primary outcome
	Secondary outcomes
	Intervention and control groups
	Sample size
	Statistical methods
	Patient and public involvement

	Results
	Baseline characteristics
	Adherence to statins at 12&thinsp;months (primary outcome)
	Secondary outcomes
	Subgroup analyses
	Cardiovascular adverse outcomes
	Process outcomes

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

