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Abstract
Aims: Achieving the low-density lipoprotein cholesterol (LDL-C) goal following an acute coronary
syndrome (ACS) is a milestone often missed due to suboptimal adherence to secondary prevention
treatments. Whether improved adherence could result in reduced LDL-C levels is unclear. We aimed to
evaluate an educational-motivational intervention to increase long-term lipid-lowering therapy (LLT)
adherence and LDL-C goal attainment rate among post-ACS patients.

Methods: IDEAL-LDL was a parallel, two-arm, single-center, pragmatic, investigator-initiated randomized
controlled trial. Hospitalized patients for ACS were randomized to a physician-led integrated intervention
consisting of an educational session at baseline, followed by regular motivational interviewing phone
sessions or usual care. Co-primary outcomes were the LLT adherence (measured by Proportion of Days
Covered (PDC); good adherence de�ned as PDC>80%), and LDL-C goal (<70 mg/dl or 50% reduction from
baseline) achievement rate at one year.

Results: In total, 360 patients (mean age 62 years, 81% male) were randomized. Overall, good adherence
was positively associated with LDL-C goal achievement rate at one year. Median PDC was higher in the
intervention group than the control group [0.92 (IQR, 0.82–1.00) vs. 0.86 (0.62–0.98); p=0.03] while the
intervention group had increased odds of good adherence (adjusted odds ratio: 1.76 (95% con�dence
interval 1.02 to 2.62; p=0.04). However, neither the rate of LDL-C goal achievement (49.6% in the
intervention vs. 44.9% in the control group; p=0.49) nor clinical outcomes differed signi�cantly between
the two groups.

Conclusion: Α multifaceted intervention improved LLT adherence in post-ACS patients without a
signi�cant difference in LDL-C goal attainment. (IDEAL-LDL, ClinicalTrials.gov: NCT02927808)

Introduction
Worldwide, nearly 9 million people die from coronary artery disease (CAD) every year, and the years of lost
life due to CAD keep increasing [1]. Meanwhile, acute coronary syndromes (ACS) are the life-threatening
events in the natural history of CAD, and the risk of subsequent cardiovascular (CV) events rises beyond
an ACS resulting in higher morbidity and mortality [2]. The pivotal role of LDL-C in secondary prevention
post-ACS has been well studied and widely recognized [3]. Despite robust advances in the clinical
management of ACS and dyslipidemia, patients face higher post-event mortality compared with the
general population [4],[5], partially driven by recurrent CV events due to suboptimal control of risk factors
[6].

Remarkable advances in lipid-lowering therapy (LLT) have been achieved, enhancing its therapeutic
intensity potential [7]. However, the rate of achieving the low-density lipoprotein cholesterol (LDL-C) goal
in a real-world setting is far from satisfactory and substantially lower among other traditional risk factors
[8],[9]. Poor adherence to LLT remains a signi�cant barrier to optimal care [10]. Nearly half of patients
discontinue LLT [11],[12], resulting in an increased rate of recurrent cardiovascular events [13] and thus

https://clinicaltrials.gov/ct2/show/NCT02927808
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healthcare costs [14]. Although changing lifestyle behavior is complex and arduous, patient education
and intensi�ed care with regular doctor-patient communication have been proven e�cient in reinforcing
medication adherence [15]. Whether adherence-enhancing interventions could improve the LDL-C goal
achievement rate remains unclear.

We aimed to determine whether an integrated intervention, comprised of structured patient education and
motivational interviewing, could improve LLT adherence and LDL-C goal achievement rates compared
with the standard of post-ACS care. Secondarily, we assessed the clinical outcomes, particularly death
and a composite of major adverse cardiovascular events (MACE), and we identi�ed prognostic factors for
a subsequent MACE during the �rst year after the index event.

Methods

Study design and setting
The IDEAL-LDL (Motivational interviewing to support LDL-C therapeutic goals and lipid-lowering therapy
compliance in patients with acute coronary syndromes) study was a parallel, two-arm, single-center,
pragmatic, investigator-initiated randomized controlled trial. The study was conducted in AHEPA
University Hospital, a high-volume center with over a million catchment populations. The adherence-
enhancing intervention was developed based on the Theoretical Domains Framework and the Health
Action Process Approach [16]. The trial has been registered in ClinicalTrials.gov (NCT02927808),
approved by the Institutional Review Board of AHEPA Hospital and the Aristotle University Ethics
Committee, and conducted according to the current version of the Declaration of Helsinki (2013). This
study follows the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline (the
�owchart and checklist are presented in the Supplementary Material). The full protocol of the study has
already been published [17] and is illustrated schematically in Supplementary Material Figure S1. Brie�y,
the study enrolled consented patients admitted to our tertiary-care cardiology ward with a diagnosis of an
ACS and discharged on LLT.

Sample size and study population
A sample size of 300 participants would provide at least 80% power (at a one-sided alpha level of 0.025)
to detect an absolute increase of 15% in the LLT adherence rate (from 70%) [18] and in the LDL-C goal
achievement rate (from 20%) [19] in the intervention group versus controls at one year. The inclusion
criteria were patients aged >18 years with a documented diagnosis of ACS according to the Third and
later Fourth Universal De�nition of Myocardial Infarction [20]. The only clinically relevant exclusion
criteria were contraindications to LLT, and any medical disorder that would compromise the completion of
the study procedures.

Baseline screening and randomization

https://clinicaltrials.gov/ct2/show/NCT02927808
https://www.equator-network.org/reporting-guidelines/consort/
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        On the day of discharge, delegated investigators of the study assessed potentially eligible patients
against the eligibility criteria (pre-screening), and if those were ful�lled, they continued to the screening.
Data collection was performed in a standardized manner at the bedside on the same day. After
successful screening, patients were randomized to one of the two treatment arms in a 1:1 ratio. An
independent investigator performed the randomization procedure using computer-generated random
numbers. Allocation concealment was ensured through sequentially numbered, opaque, sealed
envelopes. Neither investigators nor patients were blinded to the intervention.

Treatment groups
        In the control group, patients received the standard of care for an ACS by the healthcare personnel.
Patients in this arm were contacted for an on-site or telemedicine follow-up visit at one year following the
index event. Patients assigned in the intervention group received a proactive educational and
motivational intervention, apart from the standard of care. In speci�c, at hospital discharge, patients had
a 15-20 minute in-person discussion with the study personnel and were given a lea�et focusing on
healthy lifestyle modi�cations, the value of high LLT adherence, and the clinical bene�ts of achieving the
recommended LDL-C goal. Moreover, the intervention group was contacted for a 10-minute structured
telephone interview at one month and six months after hospital discharge to be re-educated on the
importance of LTT adherence and further motivated about the LDL-C goal. Patients were encouraged to
contact the trained study personnel at any time for further relevant questions, but no medication change
was performed in the context of the intervention. Like the control group, patients of the intervention arm
were also scheduled for a 1-year follow-up visit for clinical and adherence assessment.

Data sources
                All patients’ data were recorded in structured electronic case report forms (eCRF) created
exclusively for the IDEAL-LDL study. Each eCRF included contact details, baseline demographics (age,
gender), somatometric parameters, complete medical and family history, cardiovascular risk factors, data
regarding the index event, assigned in-hospital treatment, laboratory tests, medication, adherence, clinical,
and safety events. We used the nationwide prescription register (www.e-prescription.gr), which hold
individualized information, based on Social Security Number, of all claimed prescriptions from Greek
pharmacies, to obtain adherence data and medication intake practices as well as the vital status of each
subject. The rest clinical outcomes, apart from death, were collected either from our hospital records or
through patient reports coupled with appropriate documentation that patients shared at the 1-year follow-
up. Physicians blinded to patient randomization status reviewed and adjudicated all study relevant
clinical and safety endpoints.

Outcomes

http://www.e-prescription.gr/
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        The study’s primary endpoints were the adherence to LLT and the LDL-C goal achievement rate at 1-
year. Adherence was assessed by the Proportion of Days Covered (PDC) as recommended by the
International Society for Pharmaceutical and Outcomes Research coupled with a self-report measure.
PDC is calculated as the ratio of the number of days the medication covers the patient to the number
of days the patient is eligible to have the medication on hand, namely 365 days in this trial [21]. Excess
medication beyond one month after the assessment period was not included in the calculations. Good
adherence was de�ned as PDC>80%, a cut-off that is widely used [22]. The LDL-C goal was de�ned as
LDL-C <70 mg/dl or at least a 50% LDL-C reduction in accordance with the 2016 European Society of
Cardiology (ESC)/European Atherosclerosis Society (EAS) guidelines [23]. A post-hoc analysis based on
the 2019 ESC/EAS guideline-recommended goal (LDL-C <55 mg/dl and at least a 50% reduction) was
also performed [24]. Rest risk factors targets were based on the latest guidelines [25]. Speci�cally, the
systolic blood pressure (SBP) target was de�ned at 120-130 mmHg or at 130-140 mmHg for patients
aged >65 years. Body mass index (BMI) target was de�ned as <25 kg/m2, while regular exercise as at
least 150 minutes of moderate aerobic activity or 75 minutes of vigorous aerobic activity a week, or a
combination of them. The secondary endpoints included mean change from baseline values in LDL-C
concentration at 1-year, all-cause mortality, and the classical three-point MACE (3P-MACE) composite,
namely CV death, nonfatal MI, and nonfatal stroke as well as its individual components. Safety outcomes
included all adverse events (AEs) focusing on the serious (SAEs) ones. Bleeding events were categorized
or minor or major bleeding events. Detailed de�nitions of clinical outcomes are presented in the
Supplementary Material.

Statistical Analysis
We performed the primary e�cacy analysis based on the intention-to-treat population, which included all
the participants who had been randomized. Continuous variables were tested for normality with the
Shapiro-Wilk test and reported either as means ± standard deviations (SD) or medians with interquartile
ranges (IQRs). Student’s t-test and Mann-Whitney U test were performed for normally and non-normally
distributed variables, respectively. Absolute and relative frequencies were used for categorical variables,
and comparisons were made using Pearson’s χ² test. A 2-sided alpha level of 0.05 was used. Mortality
rates with 95% con�dence intervals (CIs) were estimated using the Kaplan–Meier method. Multivariate
Cox proportional hazards regression was performed to identify predictors for subsequent MACE with
clinical parameters and cardiac biomarkers as exploratory variables. Only variables showing a p-value
<0.2 in univariate models were introduced in the multivariate model. The multivariate models were tested
for multicollinearity between covariates. All the analyses and �gures were performed with the R statistical
software (version 3.5.2) (R Foundation for Statistical Computing).

Results

Population characteristics
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                From June 24, 2016, through April 5, 2019, a total of 360 patients were enrolled in the study.
Baseline characteristics and concomitant medication at discharge were balanced between the two
groups, except for the proportion of beta-blocker prescription (Table 1). All patients were prescribed LLT;
of those, 304 (84.4%) were given a high-intensity statin. The loss to follow-up was 25 patients (7%); 17
died, and 8 withdrew the informed consent.

At 1-year follow-up, out of 278 patients with an LDL-C measurement, 131 (47.1%) had attained the LDL-C
goal, whereas the respective number for the 2019 ESC/EAS Guidelines’ stricter goal was 31 (11.2%).
Regarding other risk factors, 61.1% of the patients achieved the SBP target, 78.9% were non-smokers,
54.0% reported regular exercise, and 17.0% had BMI <25 kg/m2. Speci�cally, median LDL-C was 71.4
mg/dl (IQR, 57.0–93.0), SBP was 125.0 mmHg (IQR, 120.0–135.0) and BMI was 28.4 kg/m2 (IQR, 26.0–
30.9).

 

Table 1. Patients’ characteristics at baseline grouped by treatment arm.
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Characteristic Overall

(n=360)

Control

(n=180)

Intervention

(n=180)

p-
value

Age (years) 62.0 (55.0–
73.0)

63.0 (54.8–
74.0)

61.5 (57.0–
70.3)

0.40

BMI (kg/m2) 27.5 (25.3–
30.9)

27.4 (25.0–
30.5)

27.8 (25.7–
30.9)

0.31

Female sex, n (%) 67 (19) 33 (18) 34 (19) 0.89

Risk factors

·         Arterial hypertension, n (%)

·         Dyslipidemia, n (%)

·         Diabetes Mellitus, n (%)

·         Smoking, n (%)

·         Regular exercise, n (%)

 

194 (54)

135 (38)

105 (29)

186 (52)

143 (40)

 

102 (57)

60 (33)

52 (29)

90 (50)

70 (39)

 

92 (51)

75 (41)

53 (29)

96 (53)

73 (41)

 

0.20

0.12

0.91

0.52

0.75

History

·         Established CAD, n (%)

·         Previous MI, n (%)

·         PAD, n (%)

·         Stroke, n (%)

·         Heart failure, n (%)

·         Family history of CAD, n (%)

 

100 (26)

81 (23)

35 (10)

25 (7)

58 (16)

158 (44)

 

52 (29)

42 (23)

17 (9)

12 (6)

27 (15)

78 (43)

 

48 (24)

39 (21)

18 (10)

13 (7)

31 (17)

80 (44)

 

0.24

0.52

0.85

0.76

0.60

0.83

Type of event

·         STEMI, n (%)

·         NSTEMI, n (%)

·         Unstable angina, n (%)

 

199 (55)

116 (32)

45 (13)

 

104 (58)

53 (30)

23 (13)

 

95 (53)

63 (34)

22 (12)

 

0.42

0.33

0.86

Cholesterol (mg/dl)

·         Total

·         Triglycerides

·         HDL

·         LDL

·         Non-HDL

 

171 (145–202)

130 (95–178)

38 (32–46)

102 (79–128)

132 (103–160)

 

170 (145–201)

130 (94–180)

37 (30–46)

102 (79–124)

132 (103–162)

 

171 (146–202)

130 (96–177)

38 (30–46)

104 (80–128)

132 (104–159)

 

0.69

0.90

0.30

0.68

0.95

eGFR (mL·min-1·1.73m2)1 83 (66–96) 82 (65–94) 85 (69–97) 0.25
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High-sensitivity troponin (max)
(ng/l)

1236 (248–
3686)

1266 (241–
3764)

1172 (284–
3491)

0.69

NT-proBNP (pg/mL) 899 (344–
2324)

800 (344–
2213)

1106 (355–
2613)

0.49

LVEF at discharge, n (%) 50 (43–55) 50 (42–55) 50 (45–55) 0.28

Primary PCI, n (%) 289 (81) 143 (81) 146 (82) 0.68

Conservative treatment, n (%) 71 (19) 36 (20) 34 (18) 0.64

Total length of hospitalization 8.0 (6.8–10.0) 8.0 (7.0–10.0) 7.0 (6.0–9.0) 0.06

Medication at discharge

·         Statin, n (%)

·         High intensity, n (%)

·         Ezetimibe, n (%)

·         Antiplatelet, n (%)

·         ACE inhibitor, n (%)

·         ARB, n (%)

·         Beta-blocker, n (%)

 

351 (98)

304 (84)

39 (11)

359 (100)

160 (46)

58 (16)

309 (89)

 

174 (97)

150 (83)

20 (11)

179 (100)

83 (47)

30 (17)

146 (85)

 

177 (98)

154 (85)

19 (11)

180 (100)

77 (44)

28 (16)

163 (93)

 

0.68

0.58

0.96

0.85

0.58

0.70

0.03*

BMI, Body Mass Index; CAD, Coronary artery disease; MI, Myocardial infarction; PAD, Peripheral arterial
disease; STEMI, ST-elevation MI; NSTEMI, non-ST-elevation MI; HDL, High-density cholesterol, LDL, Low-
density cholesterol; eGFR, estimated glomerular �ltration rate; NT-proBNP, N-terminal pro-b-type natriuretic
peptide; LVEF, left ventricular ejection fraction; PCI, Percutaneous coronary intervention; ARB, Angiotensin
II receptor blocker; ACE, Angiotensin-converting enzyme; Data were reported as absolute frequencies for
discrete variables and medians (IQR) for continuous variables.1(CKD-EPI)

Adherence and LDL-C goal achievement rates
At 1-year follow-up, the median PDC was 0.92 (IQR, 0.82–1.00) in the intervention group and 0.86 (0.62–
0.98) in the control group (p=0.03) (Figure 1A). In the intervention group, 126 out of 167 patients (75.5%)
had good adherence compared with 111 out of 168 patients (66.1%) in the control group (adjusted odds
ratio 1.76, 95% CI 1.02 to 2.62; p=0.04). However, the LDL-C goal achievement rates did not differ between
the two groups neither according to the 2016 Guidelines (49.6% in the intervention group vs. 44.9% in the
controls; p=0.49) (Figure 1B) nor according to the 2019 ESC Guidelines (10.1% vs. 12.3%; p=0.76).
Median LDL-C values were similar between the intervention and the control group at 1-year follow-up [70
mg/dl (IQR, 56.4 – 93.0) vs. 73 mg/dl (58.0 – 92.8); p=0.55]. No signi�cant differences between the two
arms were found for the mean change from baseline LDL-C and for all other cholesterol values (Table 2).
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Achievement rates for other risk factors, namely smoking cessation, SBP, and BMI were also similar
among the two groups (Supplementary material Table S2). Besides, self-reported medication adherence
was similar between the two groups (mean 97% in the intervention vs. 96% in the control group; p=0.73).

 

Table 2. Goal achievements and laboratory values of the patients at 1-year follow-up.

Characteristic Control

(n=138)

Intervention

(n = 140)

p-value

LDL-C (mg/dl) 73 (58.0–92.8) 70 (56.4–93.0) 0.55

Mean LDL-C change (mg/dl) -30.2±42.6 -27.5±36.7 0.57

HDL-C (mg/dl) 41.5 (35.0–49.3) 42.5 (35.0–52.0) 0.37

Non-HDL-C (mg/dl) 98.0 (81.8–116.3) 92.0 (80.0–117.0) 0.56

Triglycerides (mg/dl) 112.5 (88.5–145.5) 121.0 (88.0–163.5) 0.33

Total cholesterol (mg/dl) 141.0 (126.0–159.0) 139.0 (125.0–169.0) 0.95

SBP (mmHg)  126.0 (121.0–136.0) 124.0 (119.0–134.0) 0.72

LDL, Low-density lipoprotein; C, Cholesterol; HDL, High-density lipoprotein, SBP, Systolic blood pressure;
Data were reported as absolute frequencies for discrete variables and means ±SD or medians (IQR) for
continuous variable

In our total population, patients with good adherence had greater mean LDL-C change from baseline
[32.8±40.4 mg/dl vs. 19.8±38.1 mg/dl; p=0.02], lower LDL-C values [median 69.0 mg/dl (IQR, 55.5–88.5)
vs. 80.0 mg/dl (64.0–109.0); p=0.004] (Figure 2A) than those with poor adherence and were more likely to
achieve the LDL-C goal (adjusted odds ratio 1.91, 95% CI 1.09 to 3.41; p=0.02). Figure 2B shows that
adherence was inversely related to mean LDL-C change from baseline for both experimental arms.
Concerning the LLT at 1-year follow-up, 324 patients (96.7%) were under LLT, particularly, 323 (96.4%)
were treated with statins; of those, 234 (72.4%) were on a high-intensity statin while 57 (17.6%) were
taking a combination with ezetimibe.

 

Clinical outcomes
Our cohort’s cumulative incidence of all-cause mortality was 4.8% (95% CI 2.5 to 6.9), and 3P-MACE was
11.2% (95% CI 8.0 to 14.8) at one year following the index ACS event. In total, 37 patients (11.2%)
experienced a 3P-MACE; CV death occurred in 12 patients (3.7%), nonfatal MI in 24 (7.3%), non-fatal
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stroke in 1 (0.3%). Besides, seven patients (2.1%) were hospitalized for heart failure. Kaplan-Meier
analyses of death from any cause and 3P-MACE grouped by assigned arm are demonstrated in Figure 3.
Event rates for all-cause mortality and the composite outcome were similar between the two arms [hazard
ratio (HR), 1.13; 95% CI 0.4 to 2.9; p=0.8 and HR, 1.1; 95% CI 0.5 to 1.7; p=0.8, respectively]. Concerning
the safety outcomes, two patients had major bleeding (one in the intervention and one in the control
group). Of the patients receiving LLT, six patients (1.8%) complained of myalgias, and three of them
discontinued statin therapy. No signi�cant difference in safety outcomes was observed between the two
groups.

 

In the univariate analysis for 3P-MACE predictors, age, history of arterial hypertension, polyvascular
disease, established CAD before the index event, and eGFR<30 ml/min/1.73m2 at baseline had
prognostic value for a subsequent 3P-MACE during the �rst year. Of note, in the multivariate analysis,
only the history of arterial hypertension remained a statistically signi�cant predictor, as shown in Table 3.

 

Table 3. Risk factors and goal achievement related to 3P-MACE.

    

Risk factors Univariate analysis Multivariate analysis

  OR (95% CI) P-Value Adjusted OR (95% CI) P-Value

Age1 1.02 (0.99–1.05)  0.13 1.02 (0.97–1.03) 0.92

Female 1.24 (0.81–2.72) 0.59

Established CAD 1.94 (1.01–3.71) 0.04* 1.37 (0.69–2.74) 0.37

Polyvascular disease 2.08 (1.00–4.29) 0.04* 1.48 (0.68–3.21) 0.32

Arterial Hypertension 2.93 (1.34–6.42) 0.007** 2.48 (1.07– 5.77)     0.03*

Diabetes 1.26 (0.63–2.50) 0.5

eGFR<30 ml/min/1.73m2 3.36 (1.19–9.50) 0.02* 5.49 (1.80–16.69)        0.16

Increased NT-proBNP2 1.62 (0.49–5.3) 0.40

LDL-C <70 mg/dl 1.43 (0.57–3.57) 0.43

OR, Odds ratio; CI; Con�dence interval; CAD, Coronary artery disease; eGFR, estimated glomerular �ltration
rate; NT-proBNP, N-terminal pro-b-type natriuretic peptide; LDL-C, Low-density lipoprotein cholesterol;

1continuous variable;
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2Age>75 and nt-proBNP>450pg/ml or age<75 and nt-proBNP>125pg/ml

Discussion
In the era of patient-centered health care and more than ever demanding LDL-C goals, the IDEAL-LDL trial
investigated the impact of a physician-led intervention with educational and motivational components in
the LLT adherence and LDL-C goal achievement rate. The intervention group had higher odds of being
adherent than the control group. No difference was observed in the achievement rates among the two
experimental groups, although good adherence was positively associated with LDL-C goal achievement
in the overall study population. In addition, clinical and safety endpoints were similar between the groups.

It is well established that increased adherence to secondary prevention medication, especially LLT, is
associated with reduced MACE and all-cause mortality risk [13],[26]. However, up to 50% of post-ACS
patients discontinue LLT therapy over the �rst year [12]. A plethora of strategies [18],[27],[28] have been
proposed to improve medication-taking behavior, and particularly, personalized, patient-focused programs
involving regular contact with health care professionals have shown consistent e�cacy in improving
adherence and, thus, were the basis of our intervention. Notably, two pertinent meta-analyses of
adherence-enhancing interventions in CAD patients con�rmed a bene�t in adherence [15],[29].

Nevertheless, most of the trials included in these meta-analyses did not report on treatment goals
achievement and clinical outcomes and, as a result, the clinical bene�t of increased adherence has not
been thoroughly addressed. Our study failed to show an association of adherence-enhancing intervention
and LDL-C between the intervention and control groups. In line with our �ndings, a recent adherence-
enhancing intervention involving �nancial incentives showed increased adherence but similar LDL-C
values among the experimental groups [30]. These results underline the importance of directly measuring
clinical outcomes, rather than mere adherence, in trials with behavioral interventions. It must be
acknowledged, however, that poor LDL-C goal attainment is to a large extent due to physician inertia
rather than suboptimal patient adherence.

The 2016 ESC/EAS LDL-C goal is a cornerstone in patients’ secondary prevention management, but its
achievement rate remains suboptimal across Europe despite the upward trend. The EUROASPIRE IV [19]
reported an achievement rate of 19.5%, which climbed to 29% in EUROASPIRE V [31]. The latest LLT
dedicated study -the DA VINCI study [32]- in 18 European countries demonstrated 2016 ESC/EAS goal
attainment rate of 39%, even greater than the abovementioned registries. However, the gaps between
clinical guidelines and clinical practice for dyslipidemia management persist and will be further
exacerbated by the stricter 2019 ESC/EAS guidelines. Speci�cally, in the DA VINCI study, only 18% of the
secondary prevention patients achieved the 2019 ESC/EAS goals. In our population, nearly half of the
patients achieved the 2016 LDL-C goal and 11.3% the 2019 LDL-C goal; these already remarkably high
rates could explain our intervention’s failure to achieve a greater attainment rate.
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Concerning LLT, the EUROASPIRE IV [19], V [31], and DA VINCI [32] studies demonstrated a signi�cant
down-titration of statin’s intensity over the �rst year after the index event resulting in less than half of the
patients treated with high-intensity statins at one year. The same downward trend in high-intensity
utilization was also observed in IDEAL-LDL (high-intensity statin: 84.4% at discharge vs. 72.4% at 1-year).
At 1-year follow-up, we reported a higher prescription rate of statins compared with EUROASPIRE IV [19]
(86.0%) and V [31] (84%), and Rapsomaniki et al. [5] (varying from 76.1% to 86.7%). The higher use of
statins in our population could be attributed to the inclusion criteria and our study’s intervention and
could partially justify the substantially increased LDL-C goal achievement rate. Besides, our population’s
mortality rate was low but similar to recent studies [4], probably attributed to the advances in
revascularization and antithrombotic therapy that may have shifted the recurrent events after a year post-
index ACS. Therefore, the small numbers of participants and clinical events prevent us from drawing �rm
conclusions.

Our study could have important clinical implications. It represents a real-world population of hospitalized
patients with ACS and can provide insight into the practical implementation of the guideline-
recommended targets of ACS patients, thereby raising awareness of a patient group requiring intense
therapy and close follow-up. The long-term prognostic value related to adherence may have clinical
applications and be incorporated into CV prognostic scores. Adherence indices could be used to identify
high-risk populations prone to medication interruption or discontinuation, which would bene�t from
multifaced interventions, including mobile applications [33] and biodegradable, ingestible sensors [34].
Secondary prevention through comprehensive cardiac rehabilitation has proven e�cacy and cost-
effectiveness across a broad spectrum of CV disease [35]. In particular, a comprehensive, reinforced,
educational, and behavioral intervention in the context of a rehabilitation program could reduce the risk of
adverse CV events [36]. The adherence-enhancing interventions could also be cost-effective [37], delivered
in this context, and established as part of routine care [35]. However, the use of rehabilitation programs
varied signi�cantly worldwide [38], and internationally accepted standards should be determined.

Strengths and limitations
One major limitation of our study is the small sample size; however, it is one of the largest among
adherence-reinforcing studies with post-ACS patients. Approximately 21% of participants did not have a
12-month lipid panel test, despite investigators’ efforts to urge participants to perform the test. In
addition, not all of the patients with an ACS in our hospital have been included in this study, yet the
majority of them, and, thus, selection bias cannot be excluded. Besides, the follow-up period was
reasonable for adherence and LDL-C goal endpoints but perhaps too short for assessing clinical
outcomes. Moreover, PDC is simple, objective, and currently, the most commonly used measure of
medication adherence based on pharmacy data [39]. Therefore, it was preferred over self-report, which
was the initially chosen measure, since those two have proven discordant [40], although new self-reported
measures of adherence are emerging[41]. However, other direct adherence assessment methods, such as
periodic count of unused drugs, pill count, could be more accurate. In addition, female sex and other
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races – apart from Caucasian – were under-represented in our population and may affect the
extrapolation of our �ndings. Lastly, this study, being single-center, has the advantage of the homogeneity
in provided healthcare, integrity, and homogeneity in patients’ data and laboratory values. However, it may
not be representative of routine clinical practice across other national healthcare centers, especially in
non-academic settings.

Conclusions
In patients being discharged from hospital after an ACS, a motivational-educational intervention,
compared to the standard of care, led to improved adherence to LLT at one year. No improvement in the
rate of LDL-C goal attainment or clinical outcomes was observed. Larger and longer trials are needed to
investigate if the improved adherence is translated into clinical bene�t.
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Figures

Figure 1

Primary outcomes Bar charts showing the adherence (proportion of days covered) (A) and LDL-C goal
achievement (B) rates between the two experimental groups (p=0.03 and p=0.49, respectively).
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Figure 2

LDL-C and adherence (A) Boxplot showing the association between good adherence and LDL-C at 1-year
(p=0.004), (B) Scatterplot with regression line showing the change in LDL-C from baseline as a function
of adherence over 1 year in the two experimental groups. The dots show observed data, and the lines
indicate predicted values with 95% CIs for separate linear regressions of change in LDL-C on adherence
alone.

Figure 3

Clinical outcomes The cumulative incidences of the (A) death from any cause, (B) composite outcome,
cardiovascular death, nonfatal myocardial infarction and nonfatal stroke were estimated with the use of
the Kaplan–Meier method; hazard ratios and 95% con�dence intervals were estimated with the use of
Cox regression models, strati�ed according to treatment-group assignment as explanatory variables.


