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ARTICLE INFO ABSTRACT

Keywords: Background: A significant number of coronary artery disease patients do not attain guideline recommended LDL
Lipids levels. Participating in a cardiac rehabilitation (CR) program has been shown to improve adherence to medical
Cardiac rehabilitation therapy.

Statins

Objectives: Evaluate the specific lipid lowering therapy (LLT) prescribed and percent of subjects achieving LDL
levels of <70 mg/dL before and after 3 months following CR program initiation.

Methods: From May 2017 to April 2019, we prospectively recruited patients referred to our CR program and
compared 1015 of them at 4 time points; (P1) just prior to the index hospitalization, (P2) during the index
hospitalization, (P3) upon entering the CR program, roughly 3 months after the index hospitalization, and (P4) 3
months into the CR program. Included in the analysis were parameters of lipid levels, the dispensed medication
given, as well as patient adherence to treatment. Results: At CR intake, LDL goals were partially achieved with
57% of patients below 70 mg/dL. After completion of 3 months of CR, 63% of patients had LDL levels below 70
mg/dL, despite the fact that the majority (95%) were prescribed high-dose potent statins. Aside from the LDL
levels at CR intake, we found no other independent predictors for not attaining the lipid goals at 6 months.
Conclusions: A significant treatment gap is present even in a selected population participating in CR, with the vast
majority receiving guideline recommended LLT. In order to improve goals, we need to intensify LLT treatment,
and increase patient adherence to therapy.

PCSK-9 inhibitors

1. Introduction

Cardiovascular diseases are the leading cause of mortality world-
wide. Clinical studies have demonstrated that LDL reduction reduces
clinical events [1]. Despite the multitude of evidence and guideline
recommendations linking optimal lipid management and outcomes, a
significant number of patients do not attain recommended target levels
[2]. Recent clinical studies have also demonstrated that aggressive LDL
reduction further reduces clinical events [3,4]. We sought to provide
comprehensive information regarding whether subjects with ischemic
heart disease within out-patient clinics or cardiac rehabilitation (CR)
programs reached target LDL levels.

* This study was funded by Sanofi Israel.

2. Methods

The study design consisted of a registry of study data, which were
collected partially retroactively based on medical records, information
about pre-hospital treatment, admission to rehabilitation, and labora-
tory tests upon admission to rehabilitation. From May 2017 to April
2019, we recruited 1015 patients who entered the CR program at our
institution. All patients suffered a myocardial infarction or underwent
coronary revascularization 3 months earlier (index hospitalization).
Data regarding lipid profiles and treatment was available at 4 time
points (Fig. 1). We obtained data for all 1015 patients: (P1) just prior to
the index hospitalization, (P2) during the index hospitalization, and (P3)
upon entering the CR program, which was roughly 3 months after the
index hospitalization. Only 540 patients continued to participate in the
CR program and had repeated lipid profiles performed at (P4) 3 months
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Fig. 1. Flow chart showing the number of patients at 4 time points. P-1: prior to
index hospitalization; P-2: during index hospitalization; P-3: on entering the
CRP; P-4: 3 months into the CRP. The 475 patient quitted the CR program
therefore were excluded.

into the CR program.

The CR program at our institution contains a comprehensive lifestyle
and risk factor management, in addition to medical therapy which in-
cludes LLT.

The target LDL level for our study population was defined as =< 70
mg/D] based on the 2016 ESC guidelines on dyslipidemia [5].

We collected data regarding lipid levels, medication recommenda-
tions, and the dispensed medication (including generic medication name
and dose). This data was obtained from the interoperability medical
record system that incorporates data from all the healthcare organiza-
tions in Israel. No core lab was available for this study, thus all blood
tests were performed according to the health care organization policy
using individual facilities. Patients were also asked about their adher-
ence to the treatment recommended by the doctor (i.e. taking the pre-
scribed dose) as well as reasons for any changes in dosages.

Descriptive statistics are summarized according to 3 groups of LDL
values (below 70, 70 to 100, and above 100 mg/dL) at CR intake.
Similarly we compared population by the LDL levels attained 3 months
later using the same group definitions. Additionally, we analyzed the
cohort according to statin use prior to the index hospitalization.

The 3 LDL level groups were examined through the use of chi-square
test and one-way ANOVA, according to variable type and respective
distribution. Characteristics of patients according to statin use before the
index hospitalization were compared using chi-square test for categor-
ical data, and 2-sided Student t-test or Wilcoxon rank-sum tests for
continuous data, as appropriate.

Logistic regression multivariate analysis was used to explore the
independent association of predefined covariants and the outcome of
LDL >70 mg/dL at 3 months after CR initiation.

All P values reported were unadjusted unless otherwise specified.
Differences achieving p < 0.05 were considered statistically significant.
Analysis was performed using R version 3.21 (R foundation).

3. Results

Baseline characteristics of patients according to their LDL levels
available at the CR intake are summarized in Table 1. Patients are
divided according to LDL level at the time of CR program intake. As
shown, at that time, LDL levels of 57% of patients were below 70 mg/dL
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Table 1
Baseline characteristics of study population by LDL levels (mg/dL) at CR intake
(approximately 3 months post hospitalization).

LDL <70 LDL 70- LDL >100 p-value
100
n (%) 582 (57) 312 (31) 121 (12)
Gender (male) (%) 483 (83.0) 252(80.8) 96 (79.3) 0.530
Age (mean (sd)) 63.78 64.81 61.20 0.007
(10.71) (10.03) (11.75)
Heart Failure history (%) 34 (9.0) 19 (8.9) 10 (11.4) 0.766
MI past (>6 months) (%) 38 (6.5) 27 (2.33) 8(6.61) 0.164
MI recent (%) 354 (60.8) 154 (49.3) 50 (41.3) 0.164
CABG past (>6 months) (%) 29 (4.98) 11 (3.52) 6 (4.95) 0.265
CABG recent (%) 75 (12.8) 54 (17.3) 19 (15.7) 0.265
PCI prior (>6 months) (%) 29 (4.98) 25 (8.01) 10 (8.26) 0.054
PCI recent (past 6 months) 447 (76.8) 225 (72.1) 71 (58.6) 0.054
(%)
PVD (%) 30 (8.0) 17 (8.1) 5(.7) 0.759
CVA/TIA (%) 26 (6.9) 29 (13.9) 5(5.7) 0.009
Diabetes (%) 178 (41.2) 106 (44.4) 31 (31.3) 0.084
Hypertension (%) 290 (60.8) 142 (56.1) 45(43.7) 0.006
Family history of coronary 205 (41.3) 91 (34.3) 37 (44.0) 0.112
disease (%)
Smoking status: (%) 0.283
Current smoker 41 (7.3) 22 (7.3) 15 (12.8)
Never 294 (52.7) 154 (50.8) 61 (52.1)
Past smoker (>6 Months) 223 (40.0) 127 (41.9) 41 (35.0)
LVEF <50 (%) 146 (29.2) 71 (26.6) 24 (24.5) 0.545
TG: Before hospitalization 149.50 144.47 198.85 <0.001
(mean (sd)) (72.19) (73.11) (179.63)

HDL:Before hospitalization 42.70 45.66 45.66 0.065

(mean (sd)) (12.21) (18.28) (11.53)

LDL:Before hospitalization 107.28 112.37 134.15 0.002
(mean (sd)) (52.50) (40.37) (47.29)

LDL: during hospitalization 102.64 107.42 132.99 <0.001
(mean (sd)) (36.93) (36.50) (45.25)

LDL: At initiation of 51.98 81.49 129.36 <0.001
rehabilitation (mean (sd)) (12.16) (7.75) (31.16)

Medication: Before
hospitalization (%)
rosuvastatin 31 (14.4) 17 (11.6) 5(11.6)
pravastatin 6 (2.8) 4(2.7) 1(2.3)
atorvastatin 103 (47.7) 76 (51.7) 28 (65.1)
simvastatin 74 (34.3) 49 (33.3) 8 (18.6)

ezetimibe before 9(2.7) 4 (2.1) 224 0.897

hospitalization (%)

*proportions (%) are calculated out of subjects with complete data available.

(e.g. at target level per ESC dyslipidemia guidelines prior to 2019 up-
date). Furthermore, only 33% of patients attained LDL levels below 55
mg/dL, despite a valid prescription for high-dose potent statins in 95.5%
of patients (defined as Atorvastatin 40 mg; Rosuvastatin 20 mg, or
higher daily doses). At CR intake, 88% of patients prescribed Atorvas-
tatin had a documented purchase of 40 mg or more, whereas 72% had
purchased Rosuvastatin of 20 mg or more. The average daily dose of
Atorvastatin and Rosuvastatin, was 61 mg and 25 mg, respectively.
Interestingly, compared to the hospital issued prescription, at CR intake,
14% had a statin dose reduction despite an LDL >70 mg/dL. The reason
for the statin dose reduction was made by the family physician (41%) or
the patient’s own decision (26%), as stated by the patient. Only 3% had
a dose increase after hospital discharge and the CR intake.

Table 2 shows data collected 3 months after the initiation of CR
program (e.g. 6 month after the index hospitalization). At that time, LDL
levels of 63% of patients were below 70 mg/dL whereas the proportion
of patients below 55 mg/dL did not significantly change compared to CR
intake value (32%). Of the patients with LDL >70 mg/dL at the CR
intake, approximately 45% attained the LDL goals of below 70 mg/dL
after 3 months following CR intake, whereas 55% of this group were still
above target goal 3 months into the CR program. Medication in the
group not attaining the LDL goal, despite participating in CR for 3
months, was comprised largely of high-dose potent statins: 73% Ator-
vastatin (average dose 53 mg), 16.7% Rosuvastatin (average dose 26
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Table 2
Follow-up data by LDL levels 3 months following CR intake (approximately 6
months post index hospitalization).

LDL <70 LDL 70- LDL >100 p-value
100
n (%) 340 (63) 174 (32) 26 (5)
Clinical events since prior visit 20 (7.1) 20 (14.9) 5 (25.0) 0.004
(%)
ACS (%) 3(1.1) 2(1.5) 1 (5.0) 0.337
CVA/TIA (%) 0 (0.0) 2(1.5) 0(0.0) 0.104
PCI (%) 9(2.6) 8(4.6) 1(3.8) 0.501
Chest Pain (%) 18 (6.2) 13 (9.5) 2(10.0) 0.444
Heart Failure event (%) 2(0.7) 1(0.7) 0(0.0) 0.929
Other hospitalizations (%) 20 (7.7) 16 (12.2) 3(17.6) 0.182
LDL: Follow up 3 months 53.61 80.73 132.46 <0.001
(mean (sd)) (10.71) (8.45) (39.78)
HDL: Follow up 3 months 40.14 42.42 45.29 0.010
(mean (sd)) (10.41) (11.09) (10.92)
TG: Follow up 3 months 111.92 123.99 122.32 0.203
(mean (sd)) (72.99) (62.14) (52.34)
Medication by group (%) 0.385
atorvastatin + ezetimibe 3(0.9) 0 (0.0) 0 (0.0)
rosuvastatin 56 (17.7) 28 (17.2) 6 (27.3)
pravastatin 1(0.3) 0(0.0) 0 (0.0)
atorvastatin 251 132 14 (63.6)
(79.2) (81.0)
simvastatin 5(1.6) 3(1.8) 209.1)
Dose (mg) of rosuvastatin (%) 0.160
5 1(1.8) 4 (14.3) 1(16.7)
10 12 (21.4) 4(14.3) 0(0.0)
20 23 (41.1) 7 (25.0) 3(50.0)
40 20 (35.7) 13 (46.4) 2(33.3)
Dose (mg) of atorvastatin (%) 0.711
5 3(1.2) 1(0.8) 0(0.0)
10 6 (2.4) 5(3.8) 2(14.3)
20 23(9.2) 21 (15.9) 0(0.0)
30 1(0.4) 1(0.8) 0(0.0)
40 87 (34.9) 47 (35.6) 6 (42.9)
80 129 57 (43.2) 6 (42.9)
(51.8)
Dose (mg) of simvastatin (%) 0.672
10 1 (20.0) 0 (0.0) 0 (0.0)
20 3(60.0) 1(33.3) 1 (50.0)
40 1 (20.0) 2 (66.7) 1 (50.0)
Dose or medication change 58 (19.6) 24 (14.8) 5(22.7) 0.379

during follow-up (%)
Reason for dose or medication 0.001
change - follow-up (%)

Doctor decision 36 (57.1) 14 (56.0) 1(16.7)
LDL not at goal 3(4.8) 0 (0.0) 0 (0.0)

Myalgia 21 (33.3) 5(20.0) 1(16.7)
Patient decision 1(1.6) 3 (12.0) 3 (50.0)
Unknown reason 2(3.2) 3(12.0) 1(16.7)

*Presented data are based on patients with follow-up data only.

mg) and 3% Simvastatin (average dose 32 mg). Ezetimibe was also
recommended in 8.6% of these cases. Complete follow-up data,
including repeated lab results, was only available for 53% of the original
cohort, mainly due to dropout, program completion, or lack of addi-
tional lab results from the community. Interestingly, 3 months after
index hospitalization, 22% of patients who had LDL levels within goal
(<70 mg/dL) ended up having LDL levels above target goal 6 months
after index hospitalization.

At the 6 month follow-up visit, a total of 27 patients reported sig-
nificant myalgia that led to medication changes. Approximately 80 pa-
tients had minor symptoms, mostly transitory or nonspecific, that were
mainly considered to be due to statin therapy and did not lead to any
changes in therapy. We received no reports regarding severe or serious
adverse events related to lipid lowering therapy.

A logistic regression model, was constructed for the outcome of LDL
>70 at the 6-month follow-up. The variables involved were: Age,
gender, rehabilitation indication, LDL level at the rehabilitation intake
visit. With the exception of LDL levels at CR intake: OR 1.04 (0.78-0.97),
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we found no other significant independent predictor for the failure to
attaining the lipid goals at 6 months.

The use of PCSK-9 inhibitors was very low, with only 7 patients
taking this medication at the 6 month follow-up visit. All had an LDL
level <55 mg/dL at 1-2 months after treatment initiation.

Characteristics according to statin use prior to the index hospitali-
zation are presented in supplementary 1 S. Patients treated with statins
prior to the index hospitalization predating the CR intake, were signif-
icantly older, with significantly greater comorbidity (diabetes, hyper-
tension, history of myocardial infarction, and cerebrovascular accident)
compared to non-statin-treated patients. Among the statin-treated pa-
tients, 52% were on Atorvastatin, 33% on Simvastatin, 13% on Rosu-
vastatin and 3% on Pravastatin. Approximately 6% of patients were
taking Ezetimibe as well.

As expected, the average LDL levels were significantly lower in the
statin-treated group versus the non-statin-treated group: 99.8 &+ 53.8 vs
124 + 39.7. A spontaneous mild decrease in LDL levels was noted 24 h
after index admission in both groups: 92.7 + 31.2 vs 117 + 40.1.

4. Discussion

At CR intake, 57% of patients with coronary artery disease had LDL
levels below 70 mg/dL and only 33% of patients attained LDL levels
below 55 mg/dL. After 3 months into the CR program, a significant
proportion (37%) of patients with coronary artery disease still had LDL
levels above 70 mg/dL and only 32% had LDL levels below 55 mg/dL.
This is despite the fact that patients were all under the combined su-
pervision of a cardiac rehabilitation team, a community family physi-
cian, as well as a cardiologist.

Other international data consistently show similar trends. For
example, this trend can be seen in the prospective SOLID-TMI52 study in
which 36 countries participated and lipid lowering drug use was
strongly encouraged. Only 50% of the 12,446 participants had LDL <70
mg/dL at 3 month follow-up despite 95% use of statins at baseline [6].
Similarly, in a large German retrospective cohort study (based on the
QuintilesIMS® Disease Analyzer with >2 million individuals annually),
>14,000 patients assessed each year (mean age 71 years, 35% female,
all high risk for future cardiovascular events), found that approximately
80% had LDL-C > 70 mg/dL despite being on moderate-/high-intensity
statins [7].

It is worth noting that our cohort is composed of patients with higher
than average motivation and healthcare literacy, as has been shown in
most studies with patient participation in CR programs and general
patients after coronary revascularization or MI [8]. Furthermore,
financial factors are less likely to play a significant role in this study, as
statins are widely reimbursed in Israel and all Israeli citizens are covered
by the national insurance program [9].

Two principal obstacles explain the suboptimal lipid management
results presented in our study. One obstacle could have been the sub-
optimal adherence to the prescribed medication. In our study, almost all
included participants had a prescription for high-dose potent statins.
Non-adherence is a multifactorial problem which requires a multistep
solution [10]. Current data suggests that improved adherence to lipid
lowering treatment (LLT) may be achieved by implementing team-based
intensified patient care interventions, such as electronic reminders,
pharmacist-led interventions, and healthcare professional education of
patients [10,11]. Another obstacle which could explain suboptimal lipid
management is that prescribing physicians in our study underutilized
the maximal tolerated doses for patients. Additionally, we observed that
there were frequent dose reductions made by prescribing physicians
which were not driven by any stated clinical reasons.

In order to minimize this treatment gap, it is important to intensify
LLT. A recently published meta-analysis including 152,507 patients in
secondary prevention from 19 trials (15 with statins, 3 with PCSK-9
inhibitors and 1 with Ezetimibe) compared more-intensive (N =
76,678) to less-intensive (N = 75,829) LDL-C lowering strategies. Risk
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reduction was more pronounced in the more-intensive strategy, with a
risk ratio (RR) of 0.81, 95% CI 0.77-0.86 [12].

Based on the results of our study and other global studies, it is clear
that current treatments for lowering lipid levels are not optimal for a
variety of reasons. Patients in our study were in a rigorous CR program,
in one of the largest hospitals in Israel, with the most extensive and
accurate recommendations on treatment upon discharge after hospital-
ization. They all had covered health insurance provided by the Israeli
Health Ministry and had clear accessibility to various LLT drugs. Addi-
tionally, they had been advised and treated by both attending physicians
and a cardiologist. Despite all of these factors, most patients did not
achieve the goals of lipid treatment, which were to reduce LDL levels
<70 mg/dL (and even fewer patients achieved the latest recommended
goals of reducing LDL levels <55 mg/dL). The use of Ezetimibe,
although widely available in Israel and fully reimbursed, was very low at
all time points. For this reason, we believe that more intensive LLT
therapies, such as PCSK-9 inhibitors, are necessary in reducing LDL
levels to acceptable values in these vulnerable patients.

PCSK-9 inhibitors have real-world evidence of their efficacy and
safety. PCSK-9 inhibitors have been shown to reduce the risk of major
adverse cardiovascular events compared to alternate LLTs [13]. More
specifically, PCSK-9 inhibitors, when added to a background of statin
therapy, lower LDL-C to previously unattainable levels. Overall, PCSK-9
inhibitors are well tolerated with the most common reported side effects
being nasopharyngeal problems, nausea, injection-site reactions, and
myalgia. Emerging data have shown that there are no negative effects on
neurocognition or glycemic control [14]. In addition, PCSK-9 inhibitors
are bi-monthly injections [15]. For this reason, they can help overcome
existing barriers to adherence when compared to conventional
treatment.

Study limitations: Our study has a number of limitations. First,
although most of the data was collected prospectively, some information
was retrospective (i.e. hospitalization data and pre-hospitalization
management), partly based on medical records, which did not always
include complete information. Second, follow-up laboratory data was
not available for all the patients, mostly due to patients quitting the
program, as a result of 1015 patients referred to our CR program only
540 participated in the analysis. thus limiting generalizability of the
results. Lastly, adherence to treatment is ultimately up to the patient,
which can be variable. Some patients may have not always followed the
treatment exactly as they were required to and did not always tell the
truth to their physician.

Despite mostly appropriate discharge recommendations, LDL levels
attained 3 months and 6 months following an acute coronary event or
coronary revascularization are suboptimal. Additional systematic efforts
are necessary in order to attain desired LDL levels post acute coronary
syndrome. Although most patients are already receiving lipid modifying
medication, dosing and medication choices should be optimized. This
treatment gap will be even larger following the 2019 ESC new lipid
guideline, recommending an LDL goal of <55 mg/dL for very high-risk
individuals. While potent statins are widely available and use of PCSK-9
inhibitors greatly increases the odds of attaining this goal, it is important
to further identify barriers to the appropriate long-term use of lipid
lowering drugs.
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