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Abstract
Background Cardiovascular disease is the leading cause of mortality in Germany. Cardiovascular risk can be mitigated with 
long-term lipid-lowering therapies (LLTs) that reduce levels of low-density lipoprotein cholesterol. Although effective, risk 
mitigation is hindered by poor persistence and adherence.
Objective To investigate real-world persistence and adherence to LLTs through 36 months post-initiation.
Methods This retrospective cohort study included patients with dyslipidemia who were newly prescribed LLTs between July 
and December 2017, using anonymized prescription data from the Insight Health™ Patient Insight Tool, and followed up 
until March 2021. Persistence and adherence to the therapies were stratified by age and sex. The proportion of days covered 
(PDC) was used to measure adherence.
Results Patients with dyslipidemia and newly prescribed statins (n = 865,732), ezetimibe (n = 34,490), or anti-proprotein 
convertase subtilisin/kexin type 9 monoclonal antibodies (anti-PCSK9 mAbs; n = 1940) were included. Persistence to LLTs 
declined gradually across all treatment subgroups and was lower in women than men. Adherence, calculated as the mean PDC 
at the end of the analysis period (July 2017‒March 2021) was 0.84, 0.92, and 0.93 for statins, ezetimibe, and anti-PCSK9 
mAbs, respectively. Among patients who discontinued treatment, mean treatment duration was 265, 255, and 387 days for 
statins, ezetimibe, and anti-PCSK9 mAbs, respectively. Only ~ 10% of patients persisted between 201 and 300 days. By Day 
300, 71% of patients on statins had discontinued treatment. At 36 months, overall persistence rates were lowest with statins 
(20.6%), followed by ezetimibe (22.3%) and anti-PCSK9 mAbs (50.9%).
Conclusions High non-persistence rates were observed across all LLT regimens analyzed, with the lowest persistence rates 
observed with statins.

 * Wolfgang Koenig 
 koenig@dhm.mhn.de

1 Deutsches Herzzentrum München, Technische Universität 
München, Munich, Germany

2 DZHK (German Centre for Cardiovascular Research), 
Partner Site Munich Heart Alliance, Munich, Germany

3 Institute of Epidemiology and Medical Biometry, University 
of Ulm, Ulm, Germany

4 Novartis Pharma GmbH, Nuremberg, Germany
5 Center for Endocrinology, Diabetes, and Preventive 

Medicine, Faculty of Medicine, University of Cologne, 
University Hospital Cologne, Cologne, Germany

http://crossmark.crossref.org/dialog/?doi=10.1007/s00392-023-02257-6&domain=pdf
http://orcid.org/0000-0002-2064-9603


813Clinical Research in Cardiology (2024) 113:812–821 

1 3

Graphical Abstract

Keywords Persistence · Adherence · Germany · Lipid-lowering therapy · Statins · Ezetimibe · Anti-PCSK9 antibody

Introduction

In Germany, an estimated 34% of total deaths are caused 
by cardiovascular (CV) disease, and ischemic heart dis-
ease remains the leading cause of mortality [1]. Elevated 
low-density lipoprotein cholesterol (LDL-C) represents 
a causal risk factor for the development of atheroscle-
rotic cardiovascular disease (ASCVD) [2]. A reduction in 
LDL-C levels by lipid-lowering therapies (LLTs) is con-
sistently associated with a lower risk of CV events such 
as myocardial infarction, peripheral arterial disease, and 
ischemic stroke [3–5]. Treatment for dyslipidemia with 
LLTs is a long-term, usually lifelong, and risk-adapted 
approach that involves regular monitoring to achieve and 
maintain target LDL-C levels [2]. The 2019 European 
Society of Cardiology/European Atherosclerosis Society 
guidelines for the management of dyslipidemia and the 
2018 American Heart Association guidelines on the man-
agement of blood cholesterol suggest assessing total CV 
risk and baseline LDL-C levels to define the treatment 
goal [2, 6]. Together with lifestyle modifications, maxi-
mum tolerated doses of high-intensity statins are recom-
mended to reach target LDL-C goals. Additional LLTs 
such as ezetimibe and proprotein convertase subtilisin/
kexin type 9 monoclonal antibodies (anti-PCSK9 mAbs) 
are needed to treat patients whose LDL-C goals are not 

achieved despite the use of the maximum tolerated statin 
therapy [2].

Adherence and persistence to pharmacotherapies have 
been shown to be key drivers for achieving therapeutic goals 
and improving clinical outcomes [7]. Multiple factors con-
tribute to LLT nonadherence, such as healthcare disparities 
due to socioeconomic status, age, race, and sex; cost and 
limited access to healthcare; perceived side effects associ-
ated with LLT; health literacy; and the presence of comor-
bidities [8]. Several real-world studies have shown that most 
patients do not achieve LDL-C goals due to low adherence 
and persistence to their prescribed LLTs [9–12]. However, 
data on long-term patient adherence and persistence to LLTs 
in Germany are scarce. To our knowledge, this is the first 
study to investigate real-world adherence and persistence 
to LLTs in patients newly treated with any lipid-lowering 
agent in Germany, by means of analyzing prescription data.

Methods

Data source

The study used anonymized, double-encrypted prescription 
data from the Insight Health™ Patient Insight Tool, covering 
over 62 million outpatients with an electronic health card as 
of January 2017, which covered approximately 77% of the 
outpatient statutory health insurance prescription market in 
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Germany. Redeemed prescriptions were submitted via phar-
macy data processing centers. In this analysis, data from 
patients who were newly prescribed LLTs between July and 
December 2017 were collected from all 16 federal states. 
The analysis period was from July 2017 to March 2021. As 
this analysis represents the secondary use of databases with 
anonymized data, ethics committee approval was not needed.

Study design and objectives

Patients who were newly prescribed at least one LLT, and 
who were followed up for 39 months until March 2021, were 
included. First-time prescriptions included 865,732 statin 
prescriptions, stratified by dosing (low, medium, or high 
doses of atorvastatin, fluvastatin, lovastatin, pitavastatin, 
pravastatin, rosuvastatin, and simvastatin; Supplementary 
Table 1), 34,490 ezetimibe prescriptions and 1940 anti-
PCSK9 mAbs (alirocumab, evolocumab) prescriptions, or 
a fixed-dose combination of statin plus ezetimibe (simvas-
tatin/atorvastatin/rosuvastatin + ezetimibe) (Supplementary 
Fig. 1).

With respect to concomitant medication at baseline, 98% 
of patients newly prescribed statins were on at least one, as 
were 99% of patients newly prescribed ezetimibe or anti-
PCSK9 mAbs.

The main objective of this study was to describe the 
adherence and persistence of patients to these LLT regimens.

Patients who discontinued treatment were followed up to 
record any subsequent treatment received after discontinu-
ation of LLT. To guarantee a follow-up of 6 months, only 
patients who had received their last prescription by Septem-
ber 2020 were considered.

Data analysis

Persistence was based on the proportion of patients remain-
ing on their prescribed LLT beyond their first prescription 
for a prespecified amount of time. Persistence rates for 
each LLT regimen were further analyzed by sex, age group 
(< 50 years, 50–69 years,  ≥ 70 years), statin intensity and 
number of concomitant medications at baseline. Non-per-
sistence was defined as LLT discontinuation with a ≥ 90-day 
prescription gap between the end of the initial prescription 
and the dispensation of a new one. A sensitivity analysis 
for persistence was conducted using a prescription gap of 
180 days, in line with previously published studies [13, 14]. 
In such cases, treatment duration was analyzed for each of 
the LLT regimens. Patients who were non-persistent were 
not included in the calculations.

Adherence to an LLT was measured as the proportion 
of days covered (PDC) in patients who had filled ≥ 2 suc-
cessive prescriptions. This assessment did not consider 
any excess medication packs, i.e., that the patient collected 

the prescription but did not use it all. The PDC was thus 
based on the assumption that the patient had either used 
up their previous medication pack or the new prescription 
had replaced it, such that the maximum number of packs 
that each patient had at their disposal at any given time was 
one (PDC ≤ 1). The PDC was calculated for each patient by 
examining their last identifiable prescription until the end of 
the analysis period in March 2021.

Descriptive summary statistics were derived for patient 
adherence and persistence. All data analyses were conducted 
by Insight Health™ GmbH & Co KG.

Results

Patient selection

This retrospective study included patients who had 
been newly prescribed statins (n = 865,732), ezetimibe 
(n = 34,490), or anti-PCSK9 mAbs (n = 1940), or a combi-
nation of these between July and December 2017. The analy-
ses reported here were carried out on this patient cohort. 
Patients were followed up between July 2017 and March 
2021.

Patient characteristics

Patient characteristics, including their initial prescrip-
tion, are shown in Table 1. In summary, 82% of patients 
were ≥ 60 years of age. The proportion of men and women 
was comparable across the statin, ezetimibe, and anti-PCSK9 
mAb treatment subgroups. At baseline, approximately 98% 
of patients on statins (n/N = 852,710/865,732) and 99% of 
patients on ezetimibe (n/N = 34,204/34,491) and anti-PCSK9 
mAbs (n/N = 1915/1940) were on concomitant medication 
(ranging from 1 to ≥ 21 drugs) at the time of analysis; 28%, 
27%, and 22% of patients on statins, ezetimibe, and anti-
PCSK9 mAbs, respectively, were on antidiabetic medication. 
At baseline, over 60% of the patients were receiving 7–15 
different concomitant medications along with LLTs.

Treatment persistence

Persistence to any LLT regimen included in this analysis 
(statin, ezetimibe, and anti-PCSK9 mAb) declined gradu-
ally across all three treatment subgroups during the study 
period. Thirty-six months after the initial prescription, only 
20.6% of patients on statins, 22.3% of those on ezetimibe, 
and 50.9% of those on anti-PCSK9 mAbs remained on treat-
ment (Fig. 1a).

Sensitivity analysis with a 180-day prescription gap 
criterion showed a consistent trend with a time-dependent 
decline in LLT persistence across all cohorts (Fig. 1b).
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Among patients who were prescribed a statin, those on 
low- (n = 76,836) or moderate-intensity (n = 716,315) treat-
ment were more likely to discontinue treatment at the end 
of 36 months than patients on high-intensity (n = 185,829) 
treatment. Patients who initiated low-intensity statins had the 
lowest rates of persistence (4.0%; Supplementary Fig. 2) and 
the highest rates of treatment discontinuation (85.5%). Con-
versely, patients who initiated treatment with high-intensity 

statins had the highest persistence (41.5%; Supplementary 
Fig. 2) and, subsequently, the lowest treatment discontinu-
ation rate (54.9%). Persistence and treatment discontinua-
tion rates in patients initiated on moderate-intensity statins 
were 15.3% and 82.8%, respectively. A total of 15.8% of 
patients were up-titrated to a higher dose (Supplementary 
Fig. 3). The proportion of patients whose statin dose was 
up-titrated was highest in the low- to moderate-intensity 

Table 1  Patient characteristics

ACEi angiotensin-converting enzyme inhibitor; ARB angiotensin receptor blocker; anti-PCSK9 mAb proprotein convertase subtilisin/kexin type 9 
monoclonal antibody
a Data on co-medication is not available for all patients
b Alirocumab, atorvastatin, bempedoic acid, bempedoic acid + ezetimibe, bezafibrate, colesevelam, colestyramine, colestyramine 20 (12% water), 
evolocumab, ezetimibe, fenofibrate, fluvastatin, gemfibrozil, inclisiran, lovastatin, pitavastatin, pravastatin, rosuvastatin, simvastatin, volane-
sorsen
c Calcium carbonate + magnesium carbonate + opuntia ficus-indica (L.) Mill., cimetidine, citric acid, bismuth potassium salt (2:1:5)  –  1.5 
water + tetracycline + metronidazole, dexlansoprazole, esomeprazole, famotidine, limestone, ground (7W), lansoprazole, misoprostol, omepra-
zole, omeprazole + amoxicillin + clarithromycin; pantoprazole; pantoprazole + amoxicillin + clarithromycin; pirenzepine; rabeprazole; ranitidine; 
sucralfate
d Non-steroids

Parameter Statin
(n = 865,732)

Ezetimibe
(n = 34,490)

Anti-PCSK9 mAb
(n = 1940)

Age range (years), %
 < 50 4.1 3.9 6.4
 50–69 38.2 45.1 56.1
 ≥ 70 57.5 50.9 37.5
 Unknown 0.2 0.1 0.0

Sex, %
 Male 44.3 50.3 49.2
 Female 42.9 38.4 40.6
 Unknown 12.8 11.2 10.2

Patients on any comedication (%)a n = 852,710 (98.5) n = 34,204 (99.2) n = 1915 (98.7)
Comedication, %
 ACEi 39.5 39.0 31.9
 ARB 25.1 29.4 39.6
 Cholesterol and triglyceride-lowering  medicationb – 77.2 72.8
 Beta-blocker 54.4 64.6 68.9
 Antithrombotic agent 34.3 46.8 59.4
 Diuretic 36.7 36.4 37.0
 Calcium channel blocker 32.4 30.2 31.9
 Antidiabetic 27.7 27.2 22.0
 Anti-ulcer  agentsc 49.3 51.6 59.3
 Anti-inflammatory and antirheumatic  agentsd 44.7 39.5 46.6

Number of comedications, %
 0 1.5 0.8 1.3
 1–3 14.1 9.8 5.5
 4–6 20.5 19.4 13.4
 7–10 26.4 28.0 24.0
 11–15 22.0 23.8 28.0
 16–20 10.2 11.2 16.6
 ≥ 21 5.4 6.9 11.2
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statin subgroup. Only 8.1% of patients receiving statins were 
down-titrated to a lower dose; this was mostly seen with 
patients on high-intensity statins switching to a moderate 
dose.

Persistence to any LLT was similar between diabetic 
patients on concomitant antidiabetic therapy and non-diabet-
ics (statins, 20.9% vs 16.9%; ezetimibe, 22.7% vs 18.1%; and 
anti-PCSK9 mAb, 49.4% vs 45.4%, respectively), using the 
90-day exclusion criterion. Persistence to any LLT increased 
with an increasing number of comedications (Supplemen-
tary Fig. 4). Patients who were receiving 0–3 comedica-
tions had the lowest rates of persistence to LLT (statins, 
5.8%; ezetimibe, 3.5%; anti-PCSK9 mAb, 10.6%) and those 
receiving ≥ 7 comedications had the highest (statins, 26.5%; 
ezetimibe, 28.6%; anti-PCSK9 mAb, 57.8%) (Supplemen-
tary Fig. 4).

Overall, persistence rates to LLTs were lower in women 
than in men across all regimens (Fig. 2), with persistence 
to statins and ezetimibe being approximately 5% lower for 
women, and 10% lower for anti-PCSK9 mAbs, compared 
with men. However, over 36 months, and at all time points, 
persistence rates to statins and ezetimibe were similar across 
age groups, except for anti-PCKS9 mAbs, where persistence 

was higher in the 50‒69 years age group compared with 
the < 50 years, or ≥ 70 years age groups (Fig. 3).

Treatment adherence

Adherence, calculated as the proportion of days out of 
100 that patients adhered to their treatment regimen, was 
92/100 days for patients on ezetimibe, 93/100 for patients 
on anti-PCSK9 mAbs, and was lower for patients who were 
prescribed statins (84/100 days); adherence was generally 
high until treatment discontinuation within the individual 
therapy period (Supplementary Table 2).

Of those patients who did not persist with their prescribed 
therapy in the long-term, approximately 10% had a therapy 
duration of 201–300 days (Fig. 4). In these patients, the aver-
age treatment duration was 265 days (± SD, 273) in the statin 
subgroup, 255 days (± SD, 273) in the ezetimibe subgroup, 
and 387 days (± SD, 353) in the anti-PCSK9 mAb sub-
group. Overall, 71%, 72.9%, and 55% of patients on statins, 
ezetimibe, and anti-PCSK9 mAbs, respectively, discontinued 
their prescribed LLT by the 300-day time point. Patients 
who were prescribed another LLT following discontinuation 
are shown in Supplementary Table 3.

Fig. 1  Treatment persistence 
over time. a Treatment per-
sistence for up to 39 months 
of follow-up using the 90-day 
discontinuation criterion. b 
Sensitivity analysis of treatment 
persistence for up to 39 months 
of follow-up using the 180-day 
discontinuation criterion. Anti-
PCSK9 mAb anti-proprotein 
convertase subtilisin/kexin type 
9 monoclonal antibody
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Discussion

Clinical evidence and treatment guidelines recommend LLTs 
to reduce elevated LDL-C levels and the associated risk of 
ASCVD; however, poor adherence and persistence to LLT 
regimens remain a significant concern [2, 9]. In this retro-
spective longitudinal study, we report an in-depth analysis 
of real-world adherence and persistence to LLTs in Germany 
by analyzing prescription data from patients who were newly 
prescribed statins, ezetimibe, or anti-PCSK9 mAbs by their 
physician between July and December 2017, and who were 
followed up until March 2021. We observed low rates of 
persistence and high treatment discontinuation rates across 
all LLT regimens.

A retrospective analysis of the Optum Research Data-
base in the United States reported that statin persistence in 
primary (general and high-risk populations) and secondary 

prevention populations ranged from 7% to 84% over a fol-
low-up period of 3–36 months [11]. These findings were 
in accordance with those from the present study, in which 
persistence to an LLT regimen declined gradually during 
the study period and, at 36 months, only ~ 21% of patients 
remained on statin treatment, ~ 22% on ezetimibe, and ~ 51% 
on anti-PCSK9 mAbs. Analyses of practice data from ~ 2.6 
million patient records from the IMS Disease Analyzer data-
base in Germany in 2017 indicated that < 20% of patients 
received high-intensity statins or statin therapy in any dose 
in combination with other LLTs [15]. Of the patients receiv-
ing LLTs, > 80% who were at high risk of CV disease did not 
achieve their target LDL-C levels. Many factors may cause 
this, such as suboptimal adherence and persistence.

Similar studies have indicated low long-term persis-
tence rates among patients prescribed statins and ezetimibe 
[11, 16]. In this study, we found that patients who initiated 

Fig. 2  Treatment persistence 
over time stratified by  sexa. 
aPatients who did not dis-
close their sex at birth (sex 
‘unknown’) were excluded from 
this analysis. Anti-PCSK9 mAb 
anti-proprotein convertase sub-
tilisin/kexin type 9 monoclonal 
antibody
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Fig. 3  Treatment persistence 
stratified by  agea. aAnalysis was 
done using the 90-day discon-
tinuation criterion. Anti-PCSK9 
mAb anti-proprotein convertase 
subtilisin/kexin type 9 monoclo-
nal antibody
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treatment with high-intensity statins had the highest persis-
tence rates. Use of high-intensity statins is normally indi-
cated for the treatment of high LDL-C levels or when lower 
LDL-C goals in high-risk patients are required. Compared 
to a primary prevention population, patients with established 
ASCVD are more likely to receive statin therapy, particu-
larly high-intensity statins [17]. In our study, patients who 
received high-intensity statins and who were, presumably, 
more likely to be patients with either established ASCVD 
or at high risk of ASCVD, showed the highest persistence 
rates. Interestingly, the persistence rate increased with an 
increase in the number of comedications, which indicates 
that patients with severe disease and/or multiple comor-
bidities who are receiving many comedications are more 
persistent to LLTs. This could be probably due to frequent 
follow-ups with the physician and being mindful of their 
high CV risk.

Our results were in agreement with recent findings from a 
2010–2016 retrospective observational cohort study in Swe-
den [18]. The generally low persistence rates with statins 
observed in our study were concerning, as discontinuation 
of statin therapy can increase the risk of CV events consid-
erably [19]. An Italian study with patients newly prescribed 
anti-PCSK9 mAbs during their first year of availability 
reported that 73% of patients were continuing with the ther-
apy 6 months after treatment initiation; however, long-term 
real-world evidence data were lacking in this study [20].

Poorer adherence and persistence to LLTs such as statins 
have been associated with women [11, 21]. Results from 
our study were in line with published findings: women who 
were prescribed statins and ezetimibe had an approximately 
5% lower persistence rate compared with men at all time 
points, and this difference was ~ 10% for those prescribed 
anti-PCSK9 mAbs. Lower prescription rates and awareness 
of CV risks among women may have contributed to lower 
persistence rates than among men [22–24]. Previous stud-
ies from the United States showed that compared with men, 
women are more likely to discontinue or switch statins due 
to statin-related (or perceived) side effects [25, 26].

Early screening and LLT initiation in eligible patients can 
lead to significant clinical benefits in the long term. How-
ever, there is still a tendency to prescribe LLTs at later stages 
of life, as seen in this analysis; a high proportion (~ 82%) 
of patients were 60 years of age or older at baseline. We 
observed that age had a U-shaped association with persis-
tence to statins, ezetimibe, and anti-PCSK9 mAbs; patients 
in the 50–69 years age group had the highest persistence 
rates compared with those aged < 50 years or ≥ 70 years at 
all time points.

To our knowledge, our study represents the first real-
world analysis of adherence and persistence data in Ger-
man patients with dyslipidemia who were newly prescribed 
statins, ezetimibe, or an anti-PCSK9 mAb. Our data 

demonstrate low persistence rates to long-term therapy irre-
spective of lipid-lowering agent, and independently from any 
insurance coverage or reimbursement plans.

Adherence to pharmacotherapies can help achieve guide-
line-recommended LDL-C goals and thereby reduce long-
term CV outcomes in high-risk patients; however, poor 
adherence limits the benefit of such therapies [19]. A recent 
meta-analysis of real-world lipid management studies across 
Europe showed that adherence to LLTs was variable and 
ranged between 46% and 92% [27], which was lower than 
our data suggest, with adherence ranging between 84% and 
93%.

It is a cause for concern that despite the proven benefits 
of guideline-recommended therapies, therapy duration was 
between 201–300 days (less than one year) for approxi-
mately 10% of patients who discontinued their prescribed 
therapy, in contrast to the expectation of lifelong therapy to 
minimize the risk of CV events. Considering that long-term 
persistence to anti-PCSK9 mAbs was approximately 50% in 
this analysis, which is ~ 2.5 times higher than that for statins 
and ezetimibe, and that they are administered monthly or 
twice-monthly, as opposed to daily, therapeutics such as 
inclisiran, which is administered even less frequently, could 
help with increasing patient persistence in the long-term—
especially in populations with elevated LDL-C levels at 
high risk of CV events [28]. Implementation of initiatives 
and digital tools for educating both patients and physicians, 
pharmacy-based programs designed to help patients with 
prescription refills, including reminders, nurse-based long-
term follow-up with dosing titrations by telephone, and the 
active involvement of patients in tracking LDL-C target lev-
els (using patient cards) have been shown to be effective in 
improving LLT adherence [8, 29, 30].

The current study analyzed retrospective data from a 
single database in Germany. A wider analysis based on a 
similar approach from multiple databases in different federal 
states would help to provide a better overview of patients’ 
approaches to LLTs. Further investigation is warranted to 
recognize factors that may improve medication adherence 
and persistence.

Limitations

This study has several limitations. Prescription dispensation 
was used as a proxy for medication use by the patient. Data 
are focused on outpatients and represent a potential selec-
tion bias due to the required multi-year follow-up. Clinical 
parameters, as well as other sensitive medical information 
such as a patient’s diagnosis or comorbidities were not pro-
vided on prescription slips and, therefore, not collected by 
pharmacy coding centers. As such, this information could 
not be presented as part of this analysis. Although data on 
subsequent therapy were captured, the reasons for switching 
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were not available. Lipid-lowering therapy segments were 
looked at separately, such that patients’ entries were counted 
twice if they had received two LLTs within the 6-month 
period (July–December 2017). The PDC may only show 
primary adherence, how often medications are filled by the 
automated system and picked up by patients rather than the 
intended capture of proper and consistent medication usage. 
Pharmacies and insurance plans can alter refill requirements, 
thus artificially affecting PDC by changing the quantity 
allowed per prescription and authorized fill dates.

Conclusions

High rates of non-persistence were observed across all 
LLT subgroups, with a high proportion of patients discon-
tinuing their prescribed LLTs within 300 days of therapy 
initiation. Anti-PCSK9 mAbs had the highest persistence 
rates over 36 months (with ~ 50% of patients persisting), 
compared with statins and ezetimibe. Overall, adherence to 
LLT regimens was higher among patients who were pre-
scribed ezetimibe and anti-PCSK9 mAbs than among those 
who were prescribed statins. This highlights the need for 
improved adherence and persistence to LLTs in Germany. 
Further studies are needed to understand the drivers of non-
persistence in Germany.
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