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adverse cardiovascular events (MACE) as compared to 
clopidogrel or placebo [2, 3]. Ticagrelor exerts its antiplate-
let activity by reversibly binding to the P2Y12 receptor and 
results in a non-competitive inhibition of the adenosine 
diphosphate-induced signalling pathway [4]. The revers-
ible binding property of ticagrelor and plasma half-life of 
7-8.5-hour mandate twice daily dosing, which may reduce 
adherence rate as compared to other P2Y12 inhibitors with 
once daily dosing [5, 6] Despite the remarkable success of 
therapeutic interventions and secondary prevention during 
the post-MI period, non-adherence to medication is a com-
mon problem and is associated with increased future isch-
emic events [7–9].

Introduction

Acute myocardial infarction (AMI) is a major cause of mor-
tality and morbidity worldwide [1]. Dual antiplatelet therapy 
(DAPT) has been the cornerstone of treatment for patients 
with AMI. Data from previous randomized controlled trials 
demonstrated that treatment with ticagrelor-based DAPT in 
acute coronary syndrome reduced the occurrence of major 
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Abstract
This study aim to investigate if remote intensive coaching for the first 6 months post-AMI will improve adherence to the 
twice-a-day antiplatelet medication, ticagrelor. Between July 8, 2015, to March 29, 2019, AMI patients were randomly 
assigned to remote intensive management (RIM) or standard care (SC). RIM participants underwent 6 months of weekly 
then two-weekly consultations to review medication side effects and medication adherence coaching by a centralized nurse 
practitioner team, whereas SC participants received usual cardiologist face-to-face consultations. Adherence to ticagrelor 
were determined using pill counting and serial platelet reactivity measurements for 12 months. A total of 149 (49.5%) 
of participants were randomized to RIM and 152 (50.5%) to SC. Adherence to ticagrelor was similar between RIM 
and SC group at 1 month (94.4 ± 0.7% vs. 93.6±14.7%, p = 0.537), 6 months (91.0±14.6% vs. 90.6±14.8%, p = 0.832) 
and 12 months (87.4±17.0% vs. 89.8±12.5%, p = 0.688). There was also no significant difference in platelet reactivity 
between the RIM and SC groups at 1 month (251AU*min [212–328] vs. 267AU*min [208–351], p = 0.399), 6 months 
(239AU*min [165–308] vs. 235AU*min [171–346], p = 0.610) and 12 months (249AU*min [177–432] vs. 259AU*min 
[182–360], p = 0.678). Sensitivity analysis did not demonstrate any association of ticagrelor adherence with bleeding 
events and major adverse cardiovascular events. RIM, comprising 6 months of intensive coaching by nurse practitioners, 
did not improve adherence to the twice-a-day medication ticagrelor compared with SC among patients with AMI. A 
gradual decline in ticagrelor adherence over 12 months was observed despite 6 months of intensive coaching.
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Telemedicine is an important advance in modern medi-
cine that allow for the exchange of health information 
remotely using electronic means of communication. In 
patients with chronic disease such as diabetes and hyperten-
sion, better medication adherence was seen in those who 
were on telemedicine as compared to those who were on 
conventional face-to-face consultation [10]. In this study, 
we aim to evaluate the impact of post-discharge, telehealth-
enabled, nurse-led remote intensive management (RIM) 
on adherence to ticagrelor with pill counting and platelet 
reactivity measurements as the outcomes in a population of 
high-risk MI patients who successfully underwent percuta-
neous coronary intervention (PCI).

Methods

Study design

The IMMACULATE randomized trial was a prospective, 
multicentre randomized controlled trial conducted at 3 ter-
tiary cardiac hospitals in Singapore to compare 6-month 
RIM compared with standard care (SC) among patients 
discharged with revascularized AMI (https://clinicaltri-
als.gov/ct2/show/NCT02468349). From July 8, 2015, to 
March 29, 2019, 301 eligible participants were randomized 
1:1 to RIM or SC using block randomization as previously 
described [11]. The primary IMMACULATE study was 
designed to compare the outcomes of ventricular remodel-
ing and hemodynamic stress among patients with AMI and 
elevated N-terminal pro–b type natriuretic peptide (NT-pro-
BNP) receiving RIM versus SC. In this study, there were 
no significant differences in safety events (a composite of 
hypotension, bradycardia, hyperkalemia, or acute kidney 
injury requiring hospitalization), or left ventricular reverse 
remodeling outcomes [6 months indexed left ventricular end 
systolic volume (LVESV) adjusted for baseline LVESV] in 
patients treated for 6 months after discharged by a central-
ized nurse practitioner -led telehealth program compared 
with standard in-person care by a cardiologist. This present 
study was a sub study of the IMMACULATE trial, designed 
to assess the efficacy of telemedicine-based coaching pro-
gram in improving adherence to antiplatelet therapy. We 
hypothesize that RIM will improve adherence to ticagrelor 
leading to superior platelet reactivity outcomes, as com-
pared with SC. This secondary analysis was pre-specific in 
the original trial protocol prior to the start of recruitment. 
The study was performed in accordance with ethical prin-
ciples that have their origin in the Declaration of Helsinki 
and are consistent with Good Clinical Practice. Informed 
consents were signed and obtained from all participants. 
The National Healthcare Group Domain Specific Review 

Board approved the study for all 3 hospitals (National Uni-
versity Heart Centre, National Heart Centre, and Tan Tock 
Seng Hospital in Singapore).

Patient population

Individuals who were admitted for AMI were considered 
eligible if they had (i) ST elevation myocardial infarction 
or non-ST elevation myocardial infarction within the last 
7 days, (ii) predischarge whole-blood NT-pro-BNP con-
centration more than 300pg/mL, (iii) undergone PCI for 
the index event, (iv) age ≥ 21 years and ≤ 85 years. Patients 
with hypersensitivity to ticagrelor, high bleeding risk, active 
malignancy, severe liver or renal impairment, psychosocial 
barrier to telemedicine adoption, and patients who declined 
consent were excluded from the trial. Patients who needed 
combination of antiplatelet and anticoagulation therapy after 
enrolment due to left ventricular thrombus or atrial fibrilla-
tion were excluded from the ticagrelor sub study. Informa-
tion on demographics, co-morbidities, history of coronary 
revascularization, clinical presentation, inpatient laboratory 
values, left ventricular ejection fraction (LVEF) and phar-
macotherapy on discharge were prospectively collected by 
trained study coordinators according to a standardized case 
report form.

Intervention

All participants received DAPT with (i) aspirin 300 mg 
loading dose followed by 100 mg daily and (ii) ticagre-
lor 180 mg loading dose followed by 90 mg twice a day. 
Ticagrelor was provided free-of-charge for 12 months to all 
study participants. If they were on another P2Y12 antago-
nist, the preceding P2Y12 antagonist were stopped, and they 
were started on ticagrelor. Participants randomized to the 
RIM arm were scheduled to have weekly consultations via 
telephone for the first 2 months and fortnightly consultation 
for the subsequent 4 months. During these consultations, 
trained nurse practitioners provided medication adherence 
coaching and monitoring trial participants for bleeding and 
other adverse events, according to a standardized algorithm. 
Participants randomized to SC received regular face-to-face 
consultations with their cardiologists as per usual practice.

Adherence measures

Ticagrelor pill count

Adherence to ticagrelor was measured using pill counting 
method at 1 month, 6 months and 12 months. Study partici-
pants were instructed to return all used and unused ticagre-
lor medication blister during every study visit. Thereafter, 
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a new batch of ticagrelor will be dispensed to them until 
the next study visit. Adherence rate was calculated as the 
percentage of the number of prescribed pills corrected for 
the number of returned pills divided by the period (in days) 
multiplied by 100%. Following previous studies, partici-
pants were considered having good adherence to ticagrelor 
if their adherence rate was ≥ 80% [12], [13].

Platelet reactivity testing

Platelet activity was measured by longitudinal profiles of 
adenosine diphosphate-induced impedance aggregometry 
(Multiplate®- multiple platelet function analyser; Roche 
Diagnostics AG) at 1 week, 1 month, 6 months and 12 
months. Results were expressed as arbitrary Aggregation 
Units (AU) and plotted against time, defining platelet func-
tion as the area under curve (AUC or AU*min). High plate-
let reactivity was considered for test value > 468 AU*min 
(46 AU), linking this cut off value to occurrence of stent 
thrombosis after PCI [14, 15].

Safety outcomes

The primary safety event was cumulative bleeding events 
at 12 months according to the BARC (Bleeding Academic 
Research Consortium) definitions [16]. Major bleeding was 
defined as BARC ≥ 3b. Having early bleeding event may 
have been a result of earlier prasugrel or clopidogrel use 
before switching to ticagrelor, or anti-thrombotics use such 
as unfractionated heparin or glycoprotein IIb/IIIa during 
primary angioplasty. As such, we added another analysis of 
cumulative bleeding events that excluded bleeding events 
that occurred within the first 7 days.

Clinical outcomes

The primary clinical outcome was MACE, defined as a 
composite outcome of recurrent MI, repeat revasculariza-
tion, or all-cause mortality. The diagnosis of MI was based 
on the Third Universal Definition of MI [17]. Repeat revas-
cularization included any type of percutaneous of surgical 
revascularization on any vessels. Clinical outcomes were 
tracked at 1 month, 6 months, 12 months, and 24 months.

Statistical analysis

The baseline sample characteristics were presented in 
mean±standard deviations or frequency (%), and explor-
atory analyses between RIM and SC were performed with 
Mann-Whitney test and Chi-square test. Clinical out-
comes were compared using Chi Square test, Fisher Exact 
test and Mann-Whitney test. Analyses was done based on 

intention-to-treat (ITT) method. The sensitivity analysis 
concerning ticagrelor adherence, BARC ≥ 2 bleeding at 12 
months and MACE at 24 months were performed with gen-
eralized structural equation model (gSEM) in view of the 
multi-level data structures, inter-correlations among predic-
tors and multiple outcomes of mixed types. This was essen-
tially a network of three equations with shared predictors 
for different but related outcomes, thus allowing direct and 
indirect effects of the predictors be ascertained. Ticagrelor 
adherence, bleeding at 12 months and MACE at 24 months 
were analyzed with an underlying Binomial distribution and 
Beta distribution with a logit link. The final model was cho-
sen based on interpretability and relevance to the research 
questions. Analyzed with Stata MP V16 (Stata Corpora-
tions, Texas, USA), all statistical tests were conducted at 
5% level of significance.

Results

Baseline characteristics

A total of 301 participants were recruited from July 8, 2015, 
to March 29, 2019, and randomized to either RIM (n = 149 
[49.5%]; mean [SD] age, 55.8 [8.5] years) or SC (n = 152 
[50.5%; mean [SD] age, 54.7 [9.1] years). There was no 
crossover of trial subjects. Only participants who were on 
ticagrelor (268 out of 301 participants) were included in the 
IMMACULATE Ticagrelor Adherence sub study. (Fig. 1) 
Baseline characteristics were balanced between both groups 
with 285 (94.7%) male participants, 249 (82.7%) were mar-
ried, 12 (4.0%) who live alone and 217 (72.1%) with sec-
ondary school education or higher. Majority of participants 
presented with ST elevation myocardial infarction (STEMI, 
86.7%) and received guideline directed medical therapy on 
discharge (DAPT 100%, beta blocker 86.0%, statin 99.0% 
and ACE-I/ARB 76.7%). Heamoglobin level was 15.1g/dL 
in the RIM group and 14.6g/dL in the standard care group 
(p<0.001). There were 32.9% in the RIM group and 30.3% 
in the control group who switched from prasugrel or clopi-
dogrel to ticagrelor (p = 0.622). (See Table 1).

Ticagrelor pill count data were available for 130 par-
ticipants in the RIM group and 138 participants in the SC 
group. (Fig. 1) Adherence rate to ticagrelor was similar 
between RIM and SC group 1 month (94.4 ± 0.7% vs. 93.6 
± 14.7%, p = 0.537), 6 months (91.0 ±14.6% vs. 90.6 ± 
14.8%, p = 0.832) and 12 months (87.4 ± 17.0% vs. 89.8 
±12.5%, p = 0.688). (Table 2) Proportion of participants 
with good ticagrelor adherence rate ≥ 80% was also simi-
lar between both groups at 1 month (91.5% vs. 93.7%, 
p = 0.508), 6 months (84.3% vs. 86.3%, p = 0.648) and 12 
months (80.0% vs. 84.7%, p = 0.348). Over time, a gradual 
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Cumulative bleeding events at 12 months were reported 
in 44 (33.3%) in the RIM group and 46 (36.2%) in the SC 
group, with no significant difference detected between the 
two groups (p = 0.626). (Table 3) Of these events, only 4 
patients in the RIM group and 5 patients in the SC group 
were ≥ BARC 2 bleeding. Between 8 days to 12 months, 
there was no statistical difference in the bleeding events 
between RIM (23.5%) and SC group (23.7%, p = 0.695). 
The cumulative clinical outcomes of MACE and the indi-
vidual components of all-cause death, MI and revascular-
ization were also similar between the RIM and SC group 
at 1 month, 6 months, 12 months and 24 months follow up. 
A total of 2 patients died during follow up (RIM: 1; SC: 1, 
p = 0.973), and this occurred between 12-24 months of fol-
low up. (Table 3)

The sensitivity analysis did not demonstrate any associa-
tion between ticagrelor adherence with bleeding events and 
major adverse cardiovascular events. (Table 4). The analysis 
concerning ticagrelor adherence was conducted with demo-
graphics (age, sex, gender, ethnicity, and marital status) and 
STEMI included as adjusting covariates.

decline in adherence was observed in the overall study 
participants (94.0 ± 12.8% at 1 month, 90.8 ± 14.7% at 6 
months and 88.5 ± 15.1% at 12 months). At 1 month, 92.6% 
had high ticagrelor adherence rate of ≥ 80% as compared to 
only 82.2% at 12 months follow up.

Next, there was also no significant difference in plate-
let reactivity between the RIM and SC groups at 1 
week (285AU*min [222–368] vs. 281AU*min [229–
381], p = 0.669), 1 months (25 AU*min [212–328] vs. 
267AU*min [208–351], p = 0.399), 6 months (239AU*min 
[165–308] vs. 235AU*min [171–346], p = 0.610) and 12 
months (249AU*min [177–432] vs. 259AU*min [182–
360], p = 0.678) (Table 2). Similarly, there was no signifi-
cant difference in the proportion of participants with high 
platelet reactivity between RIM and SC group at 1 week 
(12.9% vs. 14.7%, p = 0.656) 1 month (11.1% vs. 10.5%, 
p = 0.861), 6 months (6.7% vs. 6.9%, p = 0.947) and 12 
months (22.5% vs. 14.1%, p = 0.086), although numerically 
there were more participants with high platelet reactivity 
in the RIM group. Overall, the number of participants with 
high platelet reactivity was found to be lowest at 6 months 
(6.8%) and highest at 12 months (18.4%).

Fig. 1 Enrolment, randomization and follow up

 

1 3

411



H. W. Sim et al.

Table 1 Baseline demographics and clinical presentations
Variables Total Remote Intensive 

management
Standard care P-value

(n = 301) (n = 149) (n = 152)
Demographics, n (%) or mean ± SD
 Age (year) 55.5 ± 8.8 55.8 ± 8.5 55.2 ± 9.1 0.766
 Female 16 (5.3) 8 (5.4) 8 (5.3) 0.967
 Ethnicity 0.450
  Chinese 179 (59.5) 90 (60.4) 89 (58.6) -
  Malay 63 (20.9) 29 (19.5) 34 (22.4) -
  Indian 46 (15.3) 21 (14.1) 25 (16.5) -
  Other 13 (4.3) 9 (6.0) 4 (2.64) -
 Married 249 (82.7) 119 (79.9) 130 (85.5) 0.194
 Lives alone 12 (4.0) 8 (5.4) 4 (2.6) 0.225
 Highest qualification
  Secondary school education or higher 217 (72.1) 107 (71.8) 110 (72.4) 0.411
  Bachelor’s degree or higher 44 (14.6) 20 (13.4) 24 (15.8) 0.460
 BMI (kg/m2) 26.0 ± 4.0 25.9 ± 4.1 26.1 ± 3.9 0.601
Enrolling sites, n(%) 0.989
 NUHCS 173 (57.5) 85 (57.1) 88 (57.9) -
 TTSH 84 (27.9) 42 (28.2) 42 (27.6) -
 NHCS 44 (14.6) 22 (14.8) 22 (14.5) -
Medical history, n(%)
 Current smoker 146 (48.5) 80 (53.7) 66 (43.4) 0.075
 Hypertension 148 (49.2) 71 (47.7) 77 (50.7) 0.602
 Diabetes 69 (22.9) 32 (21.5) 37 (24.5) 0.554
 Hyperlipidemia 130 (43.2) 69 (45.4) 61 (40.9) 0.435
 MI 22 (7.3) 9 (6.0) 13 (8.6) 0.402
 PCI 22 (7.3) 9 (6.0) 13 (8.6) 0.402
 CABG 1 (0.3) 0 (0.0) 1 (0.7) 0.321
 GI/GU bleeding last 6 months 0 (0) 0 (0) 0 (0) NA
Clinical presentation, n(%)
 STEMI 261 (86.7) 130 (87.3) 131 (86.2) 0.786
 LVEF (%), median IQR 49 (40–55) 50 (40–55) 48 (40–55) 0.914
 Laboratory results, medial IQR
  Hemoglobin (g/dL) 14.9 (13.9–15.7) 15.1 (14.1–15.9) 14.6 (13.6–15.3) < 0.001
  Platelet (109/L) 258 (223–292) 261 (222–293) 258 (224–292) 0.628
  Creatinine (umol/L) 83 (74–95) 83 (73–95) 84 (74–95) 0.934
  PT 12.3 (10.6–12.9) 12.2 (10.5–13) 12.4 (10.7–12.9) 0.985
  PTT 27.3 (25.6–29.3) 27.3 (26–29.3) 27.2 (25.2–29.3) 0.259
  INR 1 (0.96–1.02) 1 (0.96–1.01) 1 (0.96–1.03) 0.154
  NT-proBNP (pg/mL) 808 (511–1360) 807 (524–1360) 819 (485–1320) 0.962
Patient who switched from prasugrel or clopidogrel to ticagrelor 95 (31.6) 49 (32.9) 46 (30.3) 0.622
 Days from index event to switch (median, IQR) 1 (1–2) 1 (1–2) 1 (1–2) 0.962
 Discharge medication, n(%)
 Dual antiplatelet 301 (100.0) 152 (100.0) 149 (100.0) NA
 Beta-blocker 259 (86.0) 129 (84.9) 130 (87.2) 0.792
 Statin 298 (99.0) 149 (100.0) 149 (98.0) 0.085
 Calcium channel blocker 7 (2.3) 4 (2.7) 3 (2.0) 0.682
 ACE-I/ARB 231 (76.7) 113 (75.8) 118 (77.6) 0.817
 Diuretics 11 (3.7) 6 (4.1) 5 (3.3) 0.733
 Mineralocorticoid receptor antagonist 26 (8.6) 12 (8.0) 14 (9.2) 0.721
ACE-I = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; BMI = body mass index; CABG = coronary artery 
bypass graft surgery; GI = gastrointestinal; GU = genitourinary; INR = international normalized ratio; NT-proBNP = N-terminal pro–b type 
natriuretic peptide; IQR = interquartile range; LVEF = left ventricular ejection fraction; MI = myocardial infarction; PCI = percutaneous coro-
nary intervention; PT = prothrombin time; PTT = partial thromboplastin time; SD = standard deviation; STEMI = ST-segment elevation myo-
cardial infarction
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trial did not improve adherence to cardiovascular drugs 
after acute coronary syndrome [18, 19]. Another patient 
focused enhanced in-hospital counselling with attention to 
adherence barriers, communication of discharge medication 
to community pharmacist and physician as well as ongo-
ing assessment of adherence by community pharmacist also 
failed to increase medication adherence in the intervention 
arm [19, 20].

While we cannot be certain about why 6 months of 
remote intensive coaching failed to improve adherence 
ticagrelor in this trial, we would like to put for several 
potential explanations its neutral result. First, this is a cohort 
of trial participants who were young (mean age 55.0 ± 8.8 
years) with good social support and education background 
(82.7% were married and 72.1% obtained secondary school 
education or higher). Second, there are already routine com-
prehensive pre-discharge education by speciality nurses and 
post discharge cardiac rehabilitation programme in place for 
post-MI patients in the local hospitals that may influence 
the behaviour of medication taking in participants of both 
treatment arm. Third, it would be reasonable to assume that 
the patients who agreed to be enrolled in clinical trials are 
highly motivated individuals. Fourth, participants in clini-
cal trials commonly practise better behaviour and adherence 
due to the presence of Hawthorne effect, or the awareness 
of being studied [21]. In fact, like our study, the PLATO 

Discussion

The IMMACULATE ticagrelor sub study is, to our knowl-
edge, the first randomized controlled trial designed to deter-
mine the effectiveness of six months of intensive remote 
coaching by nurse practitioners in improving ticagrelor 
adherence among patients discharged with high-risk AMI. 
Our findings showed adherence to ticagrelor post-MI did 
not improve with post-discharge, telehealth-enabled, nurse-
led RIM as compared to SC. However, we did show a grad-
ual declined in adherence rate over time in the overall study 
population. Further sensitivity analysis, there were no sig-
nificant impact of ticagrelor adherence on platelet reactivity, 
bleeding events and MACE.

To date, interventions to improve adherence to cardiovas-
cular medications have yielded modest effect sizes. Ho et al. 
randomized patients with acute coronary syndrome to phar-
macist-led medication reconciliation and tailoring, patient 
education, collaborative care between pharmacist and physi-
cian and voice messaging refill reminders versus usual care. 
These multifaceted interventions resulted in better adher-
ence to clopidogrel, statin and ACEI/ARB although it did 
not translate into better blood pressure and LDL-cholesterol 
level control [12]. On the other hand, monthly personalized 
educational reminders in the DERLA-STEMI and weekly 
motivational and supportive text messages TEXTMEDS 

Table 2 Ticagrelor adherence by pill counting and platelet reactivity testing
Total
(n = 301)

Remote Intensive 
Management
(n = 149)

Standard Care
(n = 152)

P-value

Ticagrelor adherence (%), mean ± SD
1 month 94.0 ± 12.8 94.4 ± 0.7 93.6 ± 14.7 0.537
6 months 90.8 ± 14.7 91.0 ±14.6 90.6 ± 14.8 0.832
12 months 88.5 ± 15.1 87.4 ± 17.0 89.8 ±12.5 0.688
Ticagrelor adherence ≥ 80%, n(%)
1 month 238 (92.6) 119 (91.5) 119 (93.7) 0.508
6 months 208 (85.3) 107 (84.3) 101 (86.3) 0.648
12 months 194 (82.2) 100 (80.0) 94 (84.7) 0.348
Ticagrelor adherence ≥ 90%, n(%)
1 month 217 (84.4) 110 (84.6) 107 (84.3) 0.936
6 months 181 (74.2) 95 (74.8) 86 (73.5) 0.817
12 months 151 (64.0) 79 (63.2) 72 (64.9) 0.790
Platelet reactivity, AU*min, median (IQR)
1 week 281 (227–378) 285 (222–368) 281 (229–381) 0.669
1 month 253 (212–335) 251 (212–328) 267 (208–351) 0.399
6 months 237 (167–321) 239 (165–308) 235 (171–346) 0.610
12 months 251 (178–394) 249 (177–432) 259 (182–360) 0.678
High platelet reactivity > 468 AU*min, n(%)
1 week 39 (13.8) 18 (12.9) 21 (14.7) 0.656
1 month 26 (10.8) 15 (11.1) 14 (10.5) 0.861
6 months 18 (6.8) 9 (6.7) 9 (6.9) 0.947
12 months 46 (18.4) 29 (22.5) 17 (14.1) 0.086
BARC = bleeding academic research consortium; MACE = major adverse cardiovascular events; MI = myocardial infarction
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logistic and cost issue as reasons for non-adherence. Medica-
tion non-adherence is a common and undertreated problem 
in the healthcare setting [22, 23]. Besides twice daily dosing 
that can reduce adherence, patient who are on ticagrelor has 
higher risk of discontinuation due to higher cost and adverse 
events such as dyspnoea and bleeding as compared to clopi-
dogrel or aspirin [24, 25]. After AMI, DAPT is generally 
recommended for at least 12 months unless there is exces-
sive bleeding risk [26, 27]. However, reported adherence to 
antiplatelet therapy post-MI were at most moderate and tend 
to worsen over time [7, 28, 29]. A study by Latry et al. found 
at discontinuation of DAPT for at least 1 month was 18.6% 
during the first 3 months and 49.1% at 12 months after PCI 
for MI [30]. In another study, only 54.3% of patients had 
good adherence to clopidogrel at 12 months post-MI [13]. 
The barriers to medication adherence are a complex inter-
play of patient, healthcare providers, treatment, and health-
care system related factors. Telemedicine may address 
certain patient related factors, such as motivation, beliefs, 

trial (Study of Platelet Inhibition and Patient Outcomes) 
reported a relatively high adherence rate of 82.8% to study 
drugs in their trial subjects [3]. Fifth, secondary analysis can 
be inadequately powered to detect significant differences in 
results for several reasons. The original study may not have 
included enough participants to provide sufficient statisti-
cal power for the secondary analysis. Additionally, certain 
relevant variables may be missing, poorly measured, or 
not granular enough, limiting the ability to detect signifi-
cant differences. Finally, participants in the RIM group only 
received intensive remote consultation for 6 months. This 
intervention period may be too short to effect any significant 
change in behaviour towards medication adherence for the 
longer term.

A couple of findings in our study require elaboration. 
Regardless of treatment arm, we noticed a gradual decline 
in ticagrelor adherence rate over time. This is despite all par-
ticipants receiving ticagrelor directly from the study team 
and at no cost to the participant, which eliminate potential 

Table 3 Clinical events
Total Remote Intensive Management Standard Care P-value
(n = 301) (n = 149) (n = 152)

Cumulative bleeding at 12 months, n(%)
 Any bleeding 90 (34.8) 44 (33.3) 46 (36.2) 0.626
 BARC 1 76 (29.3) 37 (28.0) 39 (30.7) -
 BARC 2 6 (2.3) 4 (3.0) 2 (1.57) -
 BARC 3a 0 (0.0) 0 (0.0) 0 (0.0) -
 BARC 3b 1 (0.4) 0 (0.0) 1 (0.79) -
 BARC 3c 2 (0.8) 0 (0.0) 2 (0.8) -
 BARC 4 0 (0.0) 0 (0.0) 0 (0.0) -
Cumulative bleeding (any bleeding) between 8 days to 12 months, n(%) 71 (23.6) 35 (23.5) 36 (23.7) 0.695
Cumulative clinical outcomes, n(%)
 MACE
  1 month 0 (0.0) 0 (0.0) 0 (0.0) NA
  6 months 0 (0.0) 0 (0.0) 0 (0.0) NA
  12 months 6 (2.4) 2 (1.6) 4 (3.3) 0.370
  24 months 11 (4.3) 4 (3.1) 7 (5.6) 0.315
 All Cause death
  1 month 0 (0.0) 0 (0.0) 0 (0.0) NA
  6 months 0 (0.0) 0 (0.0) 0 (0.0) NA
  12 months 0 (0.0) 0 (0.0) 0 (0.0) NA
  24 months 2 (0.8) 1 (0.8) 1 (0.8) 0.973
 MI
  1 month 0 (0.0) 0 (0.0) 0 (0.0) NA
  6 months 0 (0.0) 0 (0.0) 0 (0.0) NA
  12 months 4 (1.5) 2 (1.5) 2 (1.5) 0.969
  24 months 6 (2.3) 2 (1.5) 4 (3.2) 0.381
 Revascularization
  1 month 0 (0.0) 0 (0.0) 0 (0.0) NA
  6 months 0 (0.0) 0 (0.0) 0 (0.0) NA
  12 months 4 (1.5) 2 (1.5) 2 (1.5) 0.963
  24 months 6 (2.3) 2 (1.5) 4 (3.2) 0.376
BARC = bleeding academic research consortium; MACE = major adverse cardiovascular events; MI = myocardial infarction

1 3

414



Remote intensive management to improve antiplatelet adherence in acute myocardial infarction: a secondary…

telemedicine design. Second, adherence rate by pill count-
ing can potentially be inaccurate, as patients may not bring 
all their remaining medication and may discard pills before 
study visits (“pill dumping”) [22]. For this reason, a com-
plementary indicator using direct measure method such as 
platelet reactivity test to detect biological marker adminis-
tered with the drug can be used. Platelet reactivity can be 
widely variable in clopidogrel, but ticagrelor exert a more 
uniformed platelet response, making it a reasonable test to 
measure drug activity in this study [32]. It is noteworthy that 
direct measure may also introduce bias if participants only 
take the medication nearer to their study visits and were 
still able to demonstrate platelet inhibition. Besides that, 
platelet reactivity can be affected by age, body mass index 
and smoking status during ticagrelor maintenance therapy 
[33]. Medication events monitoring system may be the gold 
standard in measuring adherence, but these equipment are 
expensive and we are unable to employ it in ticagrelor that 
comes in blister packs rather than drug containers. Third, we 
did not record the reason for non-adherence for individual 
participants, thus limiting the findings. Finally, we did not 
study the adherence of other cardiovascular medications 
that were prescribed along with ticagrelor for post-MI.

Conclusion

In this randomized trial comparing six months of remote 
intensive coaching versus SC, we observed no significant 
difference in adherence to ticagrelor between treatment 

perceptions about the need for medication, forgetfulness, 
and health literacy during the intervention period, but there 
are also other barriers to medication adherence like such as 
side effects, cost and system issues that cannot be addressed 
by telemedicine and may cause adherence to deteriorate 
over time [31].

This study highlights the difficulties in managing medi-
cation non-adherence and the need for an innovative solu-
tion that is easily replicated, cost effective and sustainable 
in the long run. Interventions to improve medication adher-
ence were often complex and require a combination of 
education, counselling, repeated reminders, and supervi-
sions, with at most modest effects and are difficult to sus-
tain long-term. With the emergence of COVID-19 pandemic 
recently and the increased need for social distancing, tele-
medicine present as an alternative to face to face contact 
when ‘high-touch’ management such as patient coaching is 
needed. Patients should also be an active participant in this 
process and work together with their healthcare providers 
to improve medication adherence. Patients who are unable 
to adhere to ticagrelor due to side effects or cost should be 
identified early and offered help such as financial assistance 
or consider switching to clopidogrel.

Limitation

This study has several limitations. First, the results are 
only applicable to the type of intervention that we used 
in this study and cannot be generalized to other types of 

Table 4 Sensitivity analysis with generalized structure equation model (Binomial distribution and Beta distribution with logit link)
Ticagrelor Adherence
AOR (95% C.I.)

BARC 2 bleeding events
AOR (95% C.I.)

MACE
AOR (95% C.I.)

Group
 Standard Care Reference Reference Reference
 Remote Intensive Management 0.97 (0.84−1.12) 1.23 (0.51−2.97) 0.67 (0.31−1.43)
Ticagrelor Adherence − 1.18 (0.05−29.51) 0.16 (0.02−1.21)
Age 0.99 (0.99−1.00) − −
Sex − −
 Female Reference
 Male 0.84 (0.58−1.20)
Race − −
 Chinese Reference
 Malay 0.96 (0.80−1.16)
 Indian 0.89 (0.71−1.10)
 Other 0.90 (0.60−1.35)
Marital Status − −
 Not Married Reference
 Married 0.93 (0.76−1.14)
STEMI 0.91 (0.74−1.12) − −
AOR = adjusted odds ratio; BARC = bleeding academic research consortium; CI = confidence interval; MACE = major adverse cardiovascular 
events; STEMI = ST segment elevation myocardial infarction
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382(9906):1714–1722
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Trial. JAMA Cardiol 6(7):830–835
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acute coronary syndrome hospital discharge: a randomized clini-
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15. Bonello L, Tantry US, Marcucci R, Blindt R, Angiolillo DJ, 
Becker R et al (2010) Consensus and future directions on the 
definition of high on-treatment platelet reactivity to adenosine 
diphosphate. J Am Coll Cardiol 56(12):919–933

16. Ndrepepa G, Schuster T, Hadamitzky M, Byrne RA, Mehilli J, 
Neumann FJ et al (2012) Validation of the Bleeding Academic 
Research Consortium definition of bleeding in patients with coro-
nary artery Disease undergoing percutaneous coronary interven-
tion. Circulation 125(11):1424–1431

17. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, 
White HD et al (2012) Third universal definition of Myocardial 
Infarction. J Am Coll Cardiol 60(16):1581–1598

18. Chow CK, Klimis H, Thiagalingam A, Redfern J, Hillis GS, 
Brieger D et al (2022) Text messages to improve Medication 
Adherence and secondary Prevention after Acute Coronary Syn-
drome: the TEXTMEDS Randomized Clinical Trial. Circulation 
145(19):1443–1455

19. Schwalm JD, Ivers NM, Natarajan MK, Taljaard M, Rao-Mela-
cini P, Witteman HO et al (2015) Cluster randomized controlled 
trial of delayed Educational Reminders for Long-Term Medica-
tion Adherence in ST-Elevation Myocardial Infarction (DERLA-
STEMI). Am Heart J 170(5):903–913

20. Calvert SB, Kramer JM, Anstrom KJ, Kaltenbach LA, Stafford 
JA, Allen LaPointe NM (2012) Patient-focused intervention to 
improve long-term adherence to evidence-based medications: a 
randomized trial. Am Heart J 163(4):657–665 e1

21. Parsons HM (1974) What happened at Hawthorne? New evi-
dence suggests the Hawthorne effect resulted from operant rein-
forcement contingencies. Science 183(4128):922–932

22. Osterberg L, Blaschke T (2005) Adherence to medication. N Engl 
J Med 353(5):487–497

23. Marcum ZA, Sevick MA, Handler SM (2013) Medication non-
adherence: a diagnosable and treatable medical condition. JAMA 
309(20):2105–2106

24. Arora S, Shemisa K, Vaduganathan M, Qamar A, Gupta A, Garg 
SK et al (2019) Premature Ticagrelor discontinuation in Second-
ary Prevention of Atherosclerotic CVD: JACC Review topic of 
the Week. J Am Coll Cardiol 73(19):2454–2464

groups. Ticagrelor adherence declined significantly over 12 
months despite an initial 6 months of intensive coaching. 
Medication non-adherence remains an unmet clinical need 
for innovative solutions that are easily replicated, cost effec-
tive and sustainable in the long run.
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