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Background: Guidelines for dyslipidemia management recommend adding ezetimibe for patients with dyslipidemia inadequately controlled with statin monotherapy. A fixed-dose combination (FDC) of statin and ezetimibe may improve persistence and adherence and hence reduce LDL-C further compared to free-combination treatment (FCT). The primary aim was to compare persistence/adherence with FDC versus FCT of rosuvastatin and ezetimibe (R/E); the secondary aim was to assess the impact of treatment adherence and persistence to LDL-C percentage reduction from baseline. An exploratory analysis assessed the impact of treatment adherence and persistence to incidence of major adverse cardiovascular events (MACEs). A subgroup analysis of patients on FDC of rosuvastatin 10 mg and ezetimibe 10 mg was also conducted.



Methods: A retrospective analysis was performed using the THIN® database from Belgium and France in individuals (aged ≥18 years who received R/E as FDC or FCT between January 01, 2017, and November 30, 2022). Persistence (time from landmark date to discontinuation, with the latter defined as >45 days gap between prescription fills) and adherence (having a proportion of days covered ≥80%) were defined. Subsequent analyses adopted propensity score matching or weighting, followed by Cox and logistic regression models.



Results: A total of 15,643 treatment episodes (FDC: 11,300; FCT: 4,343) were selected. FDC R/E was associated with greater persistence (HR: 0.54, 95% CI: 0.51–0.58) and higher odds of adherence (OR: 3.00, 95% CI: 2.70–3.30) than FCT R/E. Based on the regression analysis results, patients who were persistent to treatment had a 10% higher reduction in LDL-C values from baseline than those non persistent. Similarly, patients who were adherent had 9.6% higher reduction in LDL-C levels from baseline than those not adherent. No significant difference was observed in association between persistence/adherence and MACEs. A consistent trend was also observed in the subgroup analysis.



Conclusions: In conclusion, FDC of R/E use was associated with higher treatment persistence and adherence than FCT of R/E. Patients persistent/adherent to treatment had greater LDL-C reductions than those who discontinued or did not follow treatment schedule. The limited number of MACEs suggests a cautious interpretation of exploratory MACE findings.



KEYWORDS
fixed-dose combination, free-combination treatment, single-pill combination, persistence, adherence, major adverse cardiovascular events, rosuvastatin, ezetimibe





1 Introduction

Cardiovascular disease (CVD) continues to be the leading cause of mortality and morbidity worldwide, accounting for 3.81 million deaths overall in 2021 (1). In 2021, CVD accounted for 0.695 million deaths in the US, 1.7 million deaths in the European Union, and 4 million deaths in China (2–5). Evidence showed that lowering low-density lipoprotein cholesterol (LDL-C) levels is crucial for reducing the risk of atherosclerotic cardiovascular disease (ASCVD) and major adverse cardiovascular events (MACEs) (6, 7). The European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) guidelines for the management of dyslipidemia recommend using a lipid-lowering therapy (LLT) to achieve target LDL-C levels of <1.4 mmol/L (<55 mg/dl) and <1.8 mmol/L (<70 mg/dl) for patients at very high and high cardiovascular risk, respectively (7). Although the landscape of LLTs has evolved, many patients with high cardiovascular risk (CV) fail to achieve guideline-recommended LDL-C goals.

Statins are recommended for preventing mortality and morbidity associated with CVD, due to their lipid-lowering and plaque-stabilizing effects (8). However, despite the widespread use of statins, a significant proportion of patients remain at risk of CV events. Recent data from the European SANTORINI (9) and DA VINCI (10) registries and the US GOULD national registry (11) have shown that even with an optimized statin therapy, a substantial proportion of patients do not achieve guideline-recommended LDL-C levels, suggesting an unmet need for LLT optimization. Further intensification of LLTs, such as the addition of ezetimibe to statins, is recommended for patients on statin monotherapy who still fail to reach the guideline-recommended LDL-C goal (7, 12, 13).

Poor adherence is a major challenge in controlling LDL-C levels due to the high number of patients failing to take prescribed medications. Treatment simplification, such as reduction in the number of tablets to be taken daily, has been an effective approach to improving persistence and adherence to treatment, such as the management of hypertension (14, 15). However, such evidence of fixed-dose combination (FDC) vs. free combination treatment (FCT) of statin and ezetimibe in dyslipidemia management is limited with mixed results. While several studies showed higher adherence to FDC compared to FCT of rosuvastatin and ezetimibe (R/E) (16–18), the study by Bartlett et al. showed limited benefit of FDC over FCT (19).

Previous studies, such as those by Rea et al. (16) and Katzmann et al. (17), have assessed the effectiveness of all-statin and ezetimibe combinations and shown that the single-pill combination of statin and ezetimibe exhibited better adherence and a larger reduction in LDL-C compared to two-pill combination of these drugs (16, 17). In this study, we compared the effectiveness of FDC vs. FCT of ezetimibe and rosuvastatin on adherence, persistence, LDL-C reduction, and incidence of CV events in a population representing a real-world clinical practice setting.



2 Methods


2.1 Study design and study population

This retrospective study was conducted using primary care practice data from Belgium and France available in The Health Improvement Network (THIN) European database, accessed through the Cegedim Health Data portal. Patients over the age of 18 prescribed with FDC or FCT of rosuvastatin/ezetimibe between January 01, 2017 and November 30, 2022 were included in the study. Patients were followed until the occurrence of a MACE or censoring, including death, loss of follow-up, treatment switching, and end of the study (November 30, 2022), whichever occurred first (Figure 1).
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FIGURE 1
Study design. FCT, free-combination treatment; FDC, fixed-dose combination; LDL-C, low-density lipoprotein cholesterol; MACE, major adverse coronary event.


The index date for the FDC R/E cohort was defined as the date of receipt of first prescription. For the FCT R/E cohort, if there was no other statin treatment between receiving ezetimibe and rosuvastatin, the date of receiving the second drug was considered as the index date for that episode. If there was another statin treatment between receiving ezetimibe and rosuvastatin, then the patient should subsequently have an uninterrupted combination of ezetimibe and rosuvastatin. In this case, the first dose of the uninterrupted combination was considered as the index date of that episode. The unit of analysis was an FDC/FCT treatment episode, which was classified as a period in which there was no change in the treatment and no gap in treatment exceeding 45 days. Patients were excluded if they had received proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) treatment in the baseline period or had missing or erroneous FCT/FDC prescriptions (i.e., prescriptions with treatment duration greater than 365 days). Treatment episodes of FDC and FCT in the same patient within 6 months of each episode were also excluded from the analysis. A conservative approach was adopted by excluding treatment episodes with a duration of <100 days to ensure treatment not just one-off prescription.

As this analysis represented the use of anonymized health data from secondary database, ethics approval was not required.



2.2 Study outcomes

The primary analysis compared patients' adherence and persistence to FDC R/E vs. FCT R/E. Persistence, based on discontinuation, was assessed from the landmark date, defined as 100 days post-index date, until 365 days after the landmark date, or until censored (i.e., patients with treatment episode duration less than 100 days were excluded from the analysis). Treatment was considered discontinued if there was no prescription refill within 45 days. For FCT, discontinuation of either medication was considered as discontinuation of the regimen. Persistence included the days of supply of the last prescription of the respective treatment episode. Proportion of days covered (PDC) was used to measure patients' adherence to treatment and calculated by total days covered by treatment (FDC/FCT) divided by time from the landmark date to the first year or censored date. Patients were considered adherent to treatment when PDC ≥ 80%.

The secondary analysis assessed the impact of treatment adherence and persistence to LDL-C change. The change in LDL-C was estimated as the difference between the LDL-C measured during a 15-month follow-up and LDL-C measured at index or the most recent prior value (within 90 days prior to index). The associations between persistence/adherence and LDL-C change were evaluated in the pooled population receiving FDC R/E or FCT R/E.

A further analysis assessed the impact of treatment adherence and persistence to MACE incidence. MACEs were defined as the following events identified in the database: myocardial infarction (MI), stroke, and hospitalized unstable angina (UA). Any death recorded within 2 weeks of a MACE was assumed attributed to cardiovascular events (20). The associations between persistence/adherence and MACE incidence were evaluated in the pooled population receiving FDC or FCT. Exploratory analyses comparing the treatment of FDC R/E vs. FCT R/E on the incidence of MACEs was also conducted.

A subgroup analysis of patients taking an FDC or FCT of rosuvastatin 10 mg and ezetimibe 10 mg (R10/E10) was also conducted using the same methodology as that for the overall analysis.



2.3 Statistical analysis

A 1:1 propensity score (PS) matching was implemented via a logistic regression model with the following variables measured at baseline: age, sex, body mass index (BMI), year of index, LDL-C group (divided into three categories: <70 mg/dl, 70–130 mg/dl, and >130 mg/dl), high-density lipoprotein cholesterol, systolic blood pressure (SBP), diastolic blood pressure (DBP; using four categories for SBP and DBP based on quartiles), MI, stroke, UA, hypertension, chronic obstructive pulmonary disease, heart failure, and diabetes mellitus type 1 and type 2. Besides PS matching, exact matching on low-moderate (rosuvastatin 5 mg/ezetimibe 10 mg and rosuvastatin 10 mg/ezetimibe 10 mg) vs. high (rosuvastatin 20 mg/ezetimibe 10 mg, and rosuvastatin 40 mg/ezetimibe 10 mg) intensity medication dosage at index was also implemented. Standardized mean differences were assessed across baseline covariates pre- and post-matching, and a cutoff of 0.1 was selected to represent imbalance.

The primary analyses were based on PS-matched treatment episodes. A Kaplan–Meier analysis was used to describe the time to treatment discontinuation for the FDC and FCT groups. Patients were censored at death, switching treatment (i.e., either between FCT and FDC or to another statin, or statin combination, or other LLT treatment, including PCSK9i), experience of MACE, or loss of follow-up. A multivariable Cox regression model was used to analyze treatment discontinuation associated with FDC and FCT as reference on the matched sample and further adjusted for age, sex, baseline BMI, index year, baseline laboratory test results, baseline MACE occurrence, and baseline comorbidities. A multivariable logistic regression model was used to estimate the association between the use of FDC vs. FCT and treatment adherence (PDC ≥ 80%) on the matched sample and further adjusting the above-mentioned variables. Sensitivity analyses were further conducted to assess the robustness of the result, including assessing unmatched cohorts, inverse probability of treatment weighting (IPTW), and univariate analysis.

The secondary analysis only considered treatment episodes for which both baseline and follow-up LDL-C measurements (LDL-C cohort) were available. Univariable and multivariable ordinary least squares (OLS) regression were used to evaluate the association between persistence/adherence and percentage change in LDL-C in the pooled FDC and FCT samples. Covariates considered in the multivariable OLS regression model were LDL-C baseline value, duration between the measurement of baseline and follow-up LDL-C (days from the landmark index date to the first measurement of LDL-C), comorbidities, dose group (high/low), and a country indicator (France vs. Belgium). The temporality between the predictors (persistence/adherence) and the outcomes (change in LDL-C) was observed by measuring persistence/adherence in the period prior to the measurement of LDL-C during the follow-up (i.e., patients could not alter their adherence/persistence in response to the LDL-C measurement, which would cause reverse causality). A sensitivity analysis was also performed by considering the different set of covariates in the statistical model.

For the third analysis, the temporal associations between treatment persistence/adherence and MACE incidence (time to the first MACE after the landmark date) were conducted using all FDC and FCT episodes, irrespective of the treatment received (i.e., pooled FDC and FCT analysis) and restricting to patients without any MACE prior to their landmark date to minimize the bias attributed to baseline risk (MACE cohort). For treatment persistence, the patient's persistence with FDC or FCT prior to the current time point was used as a predictor for MACE incidence. This approach accounted for the dynamic nature of persistence over time. A longitudinal logistic regression model was used to handle the repeated measures of persistence over time for each episode, accounting for within-patient correlation along with time-varying covariates (21). For treatment adherence, a time-to-event analysis using a Cox proportional hazards model was selected because of its suitability for evaluating the impact of adherence during fixed periods of time until MACE incidence. The different analysis approach selected for treatment persistence and adherence was to capture both the time-varying nature of medication use and the impact of the initial prescription period. Models were adjusted for age, sex, baseline BMI, index year, baseline laboratory test results, and baseline comorbidities (excluding baseline MI, stroke, and congestive heart failure). A sensitivity analysis by different cutoff points of treatment persistence and adherence was performed to assess the uncertainty of the result.

An additional exploratory analysis was conducted to estimate the association between the use of FDC (compared to FCT) and MACE. This analysis included only patients without a prior MACE during their baseline period prior to the landmark date to avoid potential confounding driven by the likelihood that patients with a history of MACE, who were expected to be at higher risk of a subsequent MACE, may also be more persistent to treatment. This exploratory analysis followed an intent-to-treat approach, in which patients were classified into an FDC vs. FCT group depending on whichever was initiated first. Cox models with IPTW (inverse probability of treatment weights and stabilized weights) and further adjustment for potential confounders were used to assess the robustness of the estimates. Using IPTW allowed the inclusion of all patients in the analyses compared to propensity score matching (PSM), where matches could not be found for many patients.

Missing data were not considered to be associated with the predictors and outcomes and hence assumed missing at random.




3 Results

Of the 43,085 patients identified in the database, 15,643 distinct episodes (FDC: 11,300; FCT: 4,343) met the selection criteria and were included in the analysis (Supplementary Figure S1). In total, 3,281 matched pairs were included in the final cohort. Baseline characteristics of the original and matched cohort patients are summarized in Table 1. For the R10/E10 subgroup, a total of 8,333 treatment episodes (FDC: 6,735; FCT: 1,598) were identified and 1,244 matched pairs were included in the analysis.


TABLE 1 Baseline characteristics of overall and matched cohort of FDC and FCT.
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For medication use anytime prior to the index date, about 60% in the FDC cohort and 22% in the FCT cohort had taken statin only. More patients in the FCT cohort had taken statin and ezetimibe than those in the FDC cohort (25% vs. 7%, respectively). For medications prescribed at the index date, low-moderate intensity dose combinations (R5/E10 and R10/E10) were more frequently prescribed than high-dose combinations (R20–40 mg/E10 mg) in both FDC (60%) and FCT (74%) cohorts (Table 1).


3.1 Treatment persistence and adherence

The median time to treatment discontinuation for the matched cohort was higher for patients with FDC R/E than those with FCT R/E (200 vs. 142 days: unadjusted analysis). The 365-day persistence rate from the index date was 48% and 27% in the FDC R/E and FCT R/E cohorts, respectively. In the multivariable Cox regression analysis, patients in the FDC R/E cohort were less likely to discontinue treatment as compared with those in the FCT R/E cohort (HR = 0.54, 95% CI: 0.51–0.58) (Figure 2).
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FIGURE 2
Kaplan–meier estimates of treatment discontinuation associated with FDC R/E and FCT R/E. CI, confidence interval; FCT, free-combination treatment; FDC, fixed-dose combination; HR, hazard ratio; R/E, rosuvastatin and ezetimibe.


The subgroup R10/E10 analysis results showed a similar trend; the median time to discontinuation was higher with FDC than that with FCT (216 vs. 149 days: unadjusted analysis). The 365-day persistence rate from the index date was 58% and 24% in the FDC and FCT cohorts, respectively. The multivariable Cox regression model also demonstrated that patients on FDC were associated with higher treatment persistence than those on FCT, with an HR of 0.51 (95% CI: 0.47–0.56; p < 0.005).

In the PS matched analyses, more patients in the FDC R/E cohort were adherent to treatment than those in the FCT R/E cohort (52.70% vs. 27.60%). In the adjusted logistic model, patients in the FDC R/E cohort were more likely to be adherent compared with those in the FCT R/E cohort [odds ratio (OR): 3.00, 95% CI: 2.70–3.30; p < 0.001]. The subgroup R10/E10 analysis also demonstrated a consistent trend where the FDC R/E cohort had more patients adherent to treatment than the FCT R/E cohort (52.2% vs. 26.8%), and FDC R/E was associated with higher odds of adherent to treatment than FCT R/E (OR: 3.06, 95% CI: 2.57–3.64; p < 0.005).



3.2 Association between persistence/adherence and LDL-C percentage change

A total of 1,468 treatment episodes (FDC: 930; FCT: 538) that had both a baseline and a follow-up (up to 15 months) LDL-C measurement were identified. The average duration between baseline and follow-up was 203.8 days [standard deviation (SD): 73 days], and the median duration was 188 days (range: 141–260 days).

The mean (SD) of LDL-C during the baseline and follow-up period was 113 mg/dl (±44) and 76 mg/dl (±37), respectively, equivalent to a change of 36 mg/dl (±44). About half (52.8%) of the patients achieved the LDL-C goal <70 mg/dl.

In the multivariable OLS regression model, patients persistent to treatment between the landmark date and the time of the first LDL-C measurement experienced a greater percentage change from baseline in LDL-C levels (mean percentage change: −10.11%, 95% CI: −14.48 to −5.74; p < 0.001) than those not persistent. Similarly, patients adherent to treatment had a significantly higher percentage change from baseline in LDL-C levels (mean percentage change: −9.62%, 95% CI: −13.40 to −5.80; p < 0.001) than those not adherent. Patients adherent to treatment had a mean LDL-C of 9.1 mg/dl (−12.7 to −5.5) lower than that of non-adherent patients.

The subgroup R10/E10 analysis showed a consistent trend as the overall cohort. Patients persistent to treatment had a greater LDL-C percentage change from baseline (−9.9%, 95% CI: −15.7 to −4.1; p < 0.005) than those not persistent. Similarly, patients adherent to treatment had a greater percentage change from baseline in LDL-C levels (−11.2%, 95% CI: −16.1 to −6.3; p < 0.005) than those not adherent. Patients adherent to treatment had a mean LDL-C 10.4 mg/dl (−15.2 to −5.4) lower than non-adherent patients.



3.3 Association between persistence/adherence and MACE incidence

Overall, 166 patients had experienced MACEs during the follow-up period (from the landmark date to the first occurrence of MACE or censoring event), which included 126 MIs, 25 strokes, 18 hospitalizations due to UA, and 1 CV-related death. No statistically significant difference was observed in MACE incidence between persistent and non-persistent patients at 90 days after the landmark date (OR: 1.21, 95% CI: 0.84–1.75; p = 0.311). Similarly, the association between treatment adherence status and MACE incidence was also not statistically significant (HR: 0.90, 95% CI: 0.60–1.36; p = 0.620).

The subgroup R10/E10 analysis results were consistent with the main analysis; no significant association was observed between persistence/adherence and MACE incidence.



3.4 Exploratory analysis

The association between FDC (vs. FCT) and MACE was based on 14,288 unique patients (without prior MACEs before the landmark date), of which 10,406 patients were treated with FDC R/E and 3,882 were treated with FCT R/E. The average follow-up period of the cohort was 211 days and generated 166 outcomes, including 126 MIs, 25 strokes, 18 events of hospitalized UA, and 1 CV-related death. The percentage of patients without MACEs initially, at 90 days (99.6% vs. 99.7%) and 180 days (99.5% vs. 99.3%) was similar across the FDC R/E and FCT R/E cohorts. However, the FDC cohort had a higher percentage of patients without experiencing MACEs over a longer period, including at 365 days (99.0% vs. 98.4% for FDC vs. FCT) and at 2 years (98.7% vs. 97.5% for FDC vs. FCT).

In the multivariable Cox PH model, patients in the FDC R/E cohort had a lower risk of experiencing MACEs than those in the FCT R/E cohort (HR: 0.60, 95% CI: 0.41–0.88; p = 0.010).

The subgroup R10/E10 analysis results also showed that patients on FDC were associated with a 42% lower risk of MACEs than those on FCT (HR: 0.58, 95% CI: 0.35–0.96; p = 0.030).




4 Discussion

The findings of this retrospective analysis suggest that treatment with FDC R/E was associated with higher persistence and adherence as compared with FCT R/E. Further, in the pooled analysis of patients receiving either FDC or FCT of R/E, being persistent/adherent to treatment was associated with a greater reduction in LDL-C levels from baseline, as compared to not being persistent/adherent. While no association between persistence/adherence and MACE incidence was observed, in the exploratory analysis, patients on FDC R/E had a lower risk of MACEs than those on FCT R/E.

In the current study, 15,643 treatment episodes were identified in 43,085 patients. Although the study did not determine the proportion of eligible patients treated with combination of R/E, in previous studies, the proportion of patients who received statin-ezetimibe FDC were reported to be 3% compared with 94.2% for all statin prescriptions (22). The finding of better medication compliance for patients on FDC R/E than those on FCT R/E is aligned with the study conducted by Rea et al., assessing a difference in treatment adherence between FDC and FCT of statin and ezetimibe using national insurance data from the Lombardy region in Italy. The analysis showed better treatment adherence in patients prescribed FDC than FCT (OR:1.87, 95% CI: 1.75–1.99) (16). A similar observation was made in the management of hypertension, where Bramlage et al. reported lower discontinuation rates associated with FDC than FCT of ramipril/amlodipine (HR: 0.64, 95% CI: 0.58–0.73) and candesartan/amlodipine (HR: 0.82, 95% CI: 0.80–0.84) (23). Consistent findings were also observed in a systematic literature review and meta-analysis by Kengne et al. comparing the impact of FDC and FCT on treatment adherence in patients with hypertension and dyslipidemia (24). The current analysis further demonstrated that treatment persistence and adherence were associated with a greater percentage change from baseline in LDL-C levels, which is consistent with the existing literature demonstrating a positive relationship between treatment persistence/adherence and clinical outcomes (25). The evidence of better treatment persistence and adherence in patients prescribed FDC than FCT, which led to better treatment effectiveness despite the same formulation of drugs, highlights the value of FDC in the management of chronic diseases.

The lack of association between treatment persistence/adherence and MACE incidence in the current analysis was inconsistent with the existing literature (16, 26–29), most likely due to the limited number of MACEs in the database, attributed to insufficient length of follow-up. Rea et al. reported that the risk of CV-related mortality and hospitalization decreased by 55% (95% CI: 20–75) in patients with high adherence (>75%) compared to those with low adherence (<25%) to statin and ezetimibe, which was based on accumulated 9,430 person-years of observations and 208 outcomes (52 CV-related deaths and 156 CV-related hospitalizations) with an average 2.2 years of follow-up period per person (16). A recent observational study of adults with a newly initiated LLT including statins and ezetimibe for primary prevention of atherosclerotic CVD in Sweden also demonstrated better adherence and persistence to LLTs was associated with a lower risk of MACEs (HR: 0.90, 95% CI: 0.85–0.95), based on a cohort of 36,283 patients with a median follow-up of 2 years and 1,034 recorded MACEs, defined as MI, ischemic stroke, and all-cause mortality (28).

While the exploratory analysis results of the current study showed a significant improvement in MACE incidence in patients on FDC R/E than those on FCT R/E, the results should be interpreted with caution due to the limitation of the data, including the limited number of events and the short follow-up period. Nevertheless, the trend was consistent with the existing literature assessing the impact of a single-pill vs. multiple-pill, fixed-dose combination on clinical outcomes. Verma et al. conducted a population-based retrospective cohort study in Canada evaluating the impact of FDC and FCT of antihypertensive drugs on composite endpoints, including death or hospitalization for acute MI, heart failure, or stroke. The analysis showed that FDC recipients experienced less events compared to FCT recipients (HR: 0.89, 95% CI: 0.81–0.97), based on a matched cohort of 6,675 and a median follow-up time of 1,826 days (30). A similar finding was observed in a retrospective claims database study conducted in Taiwan, which reported a significant reduction in MACEs (HR: 0.85, 95% CI: 0.74–0.97) associated with FDC vs. FCT of renin–angiotensin system and thiazide diuretic in hypertensive patients (31).

The current study had several strengths. The database used in the current analysis is based on a population enrolled in primary care reflecting real-life medical practice, which allowed the study to assess the impact of patients' behavioral changes attributed to FDC and FCT. Additionally, the dataset is the longitudinal follow-up, which allowed capturing and evaluating differences in clinical benefits. Unlike the existing literature, adopting a conservative approach by only considering patients with more than 100 days of prescription to ensure the initiation of the treatment further increased the robustness of the results. Several sensitivity analyses and subgroup analyses were also performed, and the trends were consistent with the base-case analysis, further strengthening the robustness of the analysis.

However, the study also had several limitations. There was a significant amount of missing data for LDL-C measurement; less than 10% of patients had both baseline and follow-up data, which could potentially reduce the power of the analysis. Also, the dataset was only able to capture the prescription refill without knowing whether patients were taking medication, which could bias the results. The relatively short follow-up period is another shortfall, which posed challenges in capturing the long-term clinical outcomes for the FDC and FCT cohorts. In the current analysis, while different statistical methods were utilized to minimize the difference at baseline between the FDC and FCT cohorts, including PS matching approach and multivariate regression model, unobserved or latent variables not controlled in the process could still lead to a biased result. For example, in the matched cohort of FDC and FCT, low (5 mg) and moderate (10 mg) rosuvastatin were unbalanced despite the PS matching process, which could impact the analysis for difference in clinical outcomes, such as LDL-C reduction and MACE incidence. Furthermore, while some variables in the regression model might be collinear such as hypertension and SBP categories, this issue can be mitigated by the fact that many hypertensive individuals on anti-hypertensive medications may achieve SBP control, supporting the rationale of these measures providing independent pieces of information (i.e., not perfect collinearity). Incorrect and missing recording of diagnosis and previous ASCVD events in the dataset were another potential constraints and could bias the analysis results due to an unbalanced baseline CV risk between the cohorts. Lastly, as the cause of death was not recorded in the dataset, a conservative approach was adopted in which CV-related deaths considered in MACE were assumed to occur within two weeks of MI, stroke, and hospitalized UA. This assumption could potentially underestimate CV-related deaths and bias the analysis results.

In summary, the findings from this study are in alignment with previous research evidence and suggest that treatment with single-pill FDC of R/E increases treatment persistence and adherence, resulting in a greater reduction of LDL-C levels compared with a free combination of two pills. Given the limited number of MACEs in the database, this study did not observe a statistically significant association between increased persistence/adherence and MACEs. While a trend of lower MACE incidence was noted in patients treated with FDC R/E compared to FCT R/E, the results should be interpreted with caution due to the limitation of the database.



5 Conclusions

This real-world retrospective study suggests that patients treated with rosuvastatin/ezetimibe FDC are more persistent and adherent than those treated with FCT, which is associated with greater reductions in LDL-C levels. Large, long-term studies are recommended to validate the clinical implications of FDC on MACE outcomes.



Data availability statement

The datasets presented in this article are not readily available because the analysis was funded by Sanofi, but access to study data was limited to Axtria and Axtria statisticians completed all the analyses. Data are available from Cegedim through a commercial subscription agreement and are not publicly available. No additional data are available from the authors. Requests to access the datasets should be directed to Elodie Minnaert (Elodie.MINNAERT@cegedim.com).



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

MS: Writing – original draft, Writing – review & editing, Data curation, Formal analysis, Investigation. IK: Writing – original draft, Writing – review & editing, Conceptualization, Investigation. PP: Writing – original draft, Writing – review & editing, Conceptualization, Investigation. KL: Writing – original draft, Writing – review & editing, Project administration, Supervision. GG: Writing – original draft, Writing – review & editing, Conceptualization, Investigation. CN: Writing – original draft, Writing – review & editing, Conceptualization, Funding acquisition, Supervision, Validation.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by Sanofi.



Acknowledgments

The authors thank Luke Schmerold and Onkar Kshirsagar, employees of Axtria, for their significant contribution to the study design and analysis. The final version of the manuscript was approved by all authors and had final responsibility for the decision to submit the manuscript for publication. Funding statisticians completed all the analyses; all authors contributed to the interpretation of the results. Medical writing and editorial assistance were provided by Rohita Sri Gattoju and Dr. Kaushik Subramanian from Sanofi, according to the Good Publication Practice guidelines.



Conflict of interest

IK, PP, KL, GG, and CN are employees of Sanofi and may hold stock options in the company.

The authors declare that this study received funding from Sanofi. The funder was involved in the study design, data acquisition, analysis, interpretation of data, and the writing of this article.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025.1461416/full#supplementary-material



References

1. Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth GA. The global burden of cardiovascular diseases and risk: a compass for future health. J Am Coll Cardiol. (2022) 80(25):2361–71. doi: 10.1016/j.jacc.2022.11.005

2. Statistics. NCfH. Multiple Cause of Death 2018–2021 on CDC WONDER Database.

3. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al. Heart disease and stroke statistics-2023 update: a report from the American heart association. Circulation. (2023) 147(8):e93–e621. doi: 10.1161/CIR.0000000000001123

4. Luengo-Fernandez R, Walli-Attaei M, Gray A, Torbica A, Maggioni AP, Huculeci R, et al. Economic burden of cardiovascular diseases in the European union: a population-based cost study. Eur Heart J. (2023) 44(45):4752–67. doi: 10.1093/eurheartj/ehad583

5. Zhang X, Lu J, Yang Y, Cui J, Zhang X, Xu W, et al. Cardiovascular disease prevention and mortality across 1 million urban populations in China: data from a nationwide population-based study. Lancet Public Health. (2022) 7(12):e1041–e50. doi: 10.1016/S2468-2667(22)00170-0

6. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the management of blood cholesterol: executive summary: a report of the American college of cardiology/American heart association task force on clinical practice guidelines. J Am Coll Cardiol. (2019) 73(24):3168–209. doi: 10.1016/j.jacc.2018.11.002

7. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 ESC/EAS guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart J. (2020) 41(1):111–88. doi: 10.1093/eurheartj/ehz455

8. Chou R, Cantor A, Dana T, Wagner J, Ahmed AY, Fu R, et al. Statin use for the primary prevention of cardiovascular disease in adults: updated evidence report and systematic review for the US preventive services task force. JAMA. (2022) 328(8):754–71. doi: 10.1001/jama.2022.12138

9. Ray KK, Haq I, Bilitou A, Manu MC, Burden A, Aguiar C, et al. Treatment gaps in the implementation of LDL cholesterol control among high- and very high-risk patients in Europe between 2020 and 2021: the multinational observational SANTORINI study. Lancet Reg Health Eur. (2023) 29:100624. doi: 10.1016/j.lanepe.2023.100624

10. Ray KK, Molemans B, Schoonen WM, Giovas P, Bray S, Kiru G, et al. EU-wide cross-sectional observational study of lipid-modifying therapy use in secondary and primary care: the DA VINCI study. Eur J Prev Cardiol. (2021) 28(11):1279–89. doi: 10.1093/eurjpc/zwaa047

11. Cannon CP, de Lemos JA, Rosenson RS, Ballantyne CM, Liu Y, Gao Q, et al. Use of lipid-lowering therapies over 2 years in GOULD, a registry of patients with atherosclerotic cardiovascular disease in the US. JAMA Cardiol. (2021) 6(9):1–9. doi: 10.1001/jamacardio.2021.1810

12. Yang YJ, Lee SH, Kim BS, Cho YK, Cho HJ, Cho KI, et al. Combination therapy of rosuvastatin and ezetimibe in patients with high cardiovascular risk. Clin Ther. (2017) 39(1):107–17. doi: 10.1016/j.clinthera.2016.11.014

13. Strilchuk L, Tocci G, Fogacci F, Cicero AFG. An overview of rosuvastatin/ezetimibe association for the treatment of hypercholesterolemia and mixed dyslipidemia. Expert Opin Pharmacother. (2020) 21(5):531–9. doi: 10.1080/14656566.2020.1714028

14. Du LP, Cheng ZW, Zhang YX, Li Y, Mei D. The impact of fixed-dose combination versus free-equivalent combination therapies on adherence for hypertension: a meta-analysis. J Clin Hypertens. (2018) 20(5):902–7. doi: 10.1111/jch.13272

15. Tsioufis K, Kreutz R, Sykara G, van Vugt J, Hassan T. Impact of single-pill combination therapy on adherence, blood pressure control, and clinical outcomes: a rapid evidence assessment of recent literature. J Hypertens. (2020) 38(6):1016–28. doi: 10.1097/HJH.0000000000002381

16. Rea F, Savare L, Corrao G, Mancia G. Adherence to lipid-lowering treatment by single-pill combination of statin and ezetimibe. Adv Ther. (2021) 38(10):5270–85. doi: 10.1007/s12325-021-01892-7

17. Katzmann JL, Sorio-Vilela F, Dornstauder E, Fraas U, Smieszek T, Zappacosta S, et al. Non-statin lipid-lowering therapy over time in very-high-risk patients: effectiveness of fixed-dose statin/ezetimibe compared to separate pill combination on LDL-C. Clin Res Cardiol. (2022) 111(3):243–52. doi: 10.1007/s00392-020-01740-8

18. Zambon A, Liberopoulos E, Dovizio M, Veronesi C, Degli Esposti L, Pérez de Isla L. A real-world analysis of adherence and biochemical outcome of patients on rosuvastatin/ezetimibe free vs single-pill combination in Italy. Eur J Prev Cardiol. (2023) 30:zwad125.071. doi: 10.1093/eurjpc/zwad125.070

19. Bartlett LE, Pratt N, Roughead EE. Does tablet formulation alone improve adherence and persistence: a comparison of ezetimibe fixed dose combination versus ezetimibe separate pill combination? Br J Clin Pharmacol. (2017) 83(1):202–10. doi: 10.1111/bcp.13088

20. Miao B, Hernandez AV, Alberts MJ, Mangiafico N, Roman YM, Coleman CI. Incidence and predictors of Major adverse cardiovascular events in patients with established atherosclerotic disease or multiple risk factors. J Am Heart Assoc. (2020) 9(2):e014402. doi: 10.1161/JAHA.119.014402

21. Schober P, Vetter TR. Repeated measures designs and analysis of longitudinal data: if at first you do not succeed-try, try again. Anesth Analg. (2018) 127(2):569–75. doi: 10.1213/ANE.0000000000003511

22. Katzmann JL, Kieble M, Enners S, Bohm M, Mahfoud F, Laufs U, et al. Trends in ezetimibe prescriptions as monotherapy or fixed-dose combination in Germany 2012–2021. Front Cardiovasc Med. (2022) 9:912785. doi: 10.3389/fcvm.2022.912785

23. Bramlage P, Schmidt S, Sims H. Fixed-dose vs free-dose combinations for the management of hypertension-an analysis of 81 958 patients. J Clin Hypertens. (2018) 20(4):705–15. doi: 10.1111/jch.13240

24. Kengne AP, Briere JB, Le Nouveau P, Kodjamanova P, Atanasov P, Kochoedo M, et al. Impact of single-pill combinations versus free-equivalent combinations on adherence and persistence in patients with hypertension and dyslipidemia: a systematic literature review and meta-analysis. Expert Rev Pharmacoecon Outcomes Res. (2024) 24(7):817–27. doi: 10.1080/14737167.2023.2293199

25. Ferri N, Ruscica M, Santos RD, Corsini A. Fixed combination for the treatment of dyslipidaemia. Curr Atheroscler Rep. (2023) 25(10):691–9. doi: 10.1007/s11883-023-01142-x

26. Lin CP, Tung YC, Hsiao FC, Yang CH, Kao YW, Lin YS, et al. Fixed-dose combination of amlodipine and atorvastatin improves clinical outcomes in patients with concomitant hypertension and dyslipidemia. J Clin Hypertens. (2020) 22(10):1846–53. doi: 10.1111/jch.14016

27. Bansilal S, Castellano JM, Garrido E, Wei HG, Freeman A, Spettell C, et al. Assessing the impact of medication adherence on long-term cardiovascular outcomes. J Am Coll Cardiol. (2016) 68(8):789–801. doi: 10.1016/j.jacc.2016.06.005

28. Mazhar F, Hjemdahl P, Sjolander A, Kahan T, Jernberg T, Carrero JJ. Intensity of and adherence to lipid-lowering therapy as predictors of goal attainment and major adverse cardiovascular events in primary prevention. Am Heart J. (2024) 269:118–30. doi: 10.1016/j.ahj.2023.12.010

29. Zhao B, He X, Wu J, Yan S. Adherence to statins and its impact on clinical outcomes: a retrospective population-based study in China. BMC Cardiovasc Disord. (2020) 20(1):282. doi: 10.1186/s12872-020-01566-2

30. Verma AA, Khuu W, Tadrous M, Gomes T, Mamdani MM. Fixed-dose combination antihypertensive medications, adherence, and clinical outcomes: a population-based retrospective cohort study. PLoS Med. (2018) 15(6):e1002584. doi: 10.1371/journal.pmed.1002584

31. Ho CT, Tung YC, Chou SH, Hsiao FC, Lin YS, Chang CJ, et al. Clinical outcomes in hypertensive patients treated with a single-pill fixed-dose combination of renin-angiotensin system inhibitor and thiazide diuretic. J Clin Hypertens. (2018) 20(12):1731–8. doi: 10.1111/jch.13413

32. Grundy SMFK. Guidelines for the Management of High Blood Cholesterol. Available at: https://www.ncbi.nlm.nih.gov/books/NBK305897/ (Accessed May 28, 2022).

33. Austin PC. Optimal caliper widths for propensity-score matching when estimating differences in means and differences in proportions in observational studies. Pharm Stat. (2011) 10(2):150–61. doi: 10.1002/pst.433



OPS/images/fcvm-12-1461416-g002.jpg
100%

80%

60%

IS

0%

20%

Proportion of patients on treatment

France and Belgium Cohort

HR = 0.54 (95% Cl = 0.51 - 0.58)
+p<0.005

14.6 % 6.0 %‘
9.8 %

Numbers at risk

0 360
Number of days from landmark date

1356 254 111 36





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Treatment adherence, persistence, and effectiveness of fixed dose combination versus free combination therapy of rosuvastatin–ezetimibe as a lipid-lowering therapy

		1 Introduction



		2 Methods



		2.1 Study design and study population



		2.2 Study outcomes



		2.3 Statistical analysis











		3 Results



		3.1 Treatment persistence and adherence



		3.2 Association between persistence/adherence and LDL-C percentage change



		3.3 Association between persistence/adherence and MACE incidence



		3.4 Exploratory analysis











		4 Discussion



		5 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Cardiovascular Medicine

Treatment adherence, persistence, and
effectiveness of fixed dose combination
versus free combination therapy of
rosuvastatin-ezetimibe as a
lipidlowering therapy









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fcvm-12-1461416-g001.jpg
Begin of study period
Jan1,2017 Index date

PR

NSO
6-month baseline 100 days after

Landm:

lookback period treatment
initiation

k date

Internal

Follow-up period for descriptive
analysis of adherence,
persistence, MACE and LDL-C

EDC treatment episo
Initiated on
rosuvastatin/ezetimibe.
combination
(Index date)

ECT treatment episode
‘Supply window

iated #1 ted #2 FCT
FCT (Index date)

End of study period
Censoringdate  Nov 30, 2022

—






OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-12-1461416-t001.jpg
Baseline characteristic Before matching After propensity score matching

FDC R/E FCT R/E SMDP FDC R/E FCT R/E SMD
N =11,300* N=4343 N = 3,281 N = 3,281
66 (12) 68 (13) 68 (12) 68 (13)

Age, mean (SD)

Female, n (%) | 4,443 (39) 1,729 (40) | 0010 1,438 (44) | 1,389 (42) | 0030
Medication usage anytime prior to the index date, n (%)

Prior use of FCT (R/E) 258 (2) 742 17) 05169 86 (3) 538 (16) 0.4832
Prior use of FCT (other statin + ez) 603 (5) 372 (9) 01272 172 (5) 322 (10) 01739

0178

17 (0) 17 (1)

Prior use of FDC 429 (4) 02415 89 (3)

Prior medication pattern, n (%)
Statin only 6,792 (60) 947 (22) 0.8466 1,969 (60) 814 (25)
Statin high intensity® 1,087 (10) 9 (2) 03259 267 (8) 74 (2)

Statin low-moderate intensity® 5,705 (50) 857 (20) 0.6805 1,702 (52) 740 (23)
Statin + ezetimibe 831 (7) 1,087 (25) 04948 253 (8) 833 (25)
Ezetimibe only 429 (4) 213 (5) 00533 135 (4) 187 (6)

Medication dosage at index date, n (%)
Low-moderate dose (10 mg) 6,763 (60) 3,215 (74) 2,551 (78) 2,551 (78)
rosuvastatin
RS/E10 28 (0) 1,617 (37) 9(0) 1,343 (41)
RIO/E10 6,735 (60) 1,598 (37) 04692 2,542 (77) 1208 (37)
High dose (20-40 mg) rosuvastatin 4,537 (40) 1,128 (26) 730 (22) 730 (22)
R20/E10 4239 (38) 1,040 (24) 0297 686 (21) 673 (21)
R40/E10 298 (3) 88 (2) 0.0405 44 (1) 57 (2)

[« idities (baseline period), n (%)
All hypertension 2,616 (23) 772 (18) 01332 726 (22) 625 (19)
Essential (primary) hypertension 2,591 (23) 760 (17) 01352 722 (22) 617 (19)
Chronic obstructive pulmonary disease 257 (2) 82(2) 00271 8303 58 (2)

Heart failure 101 (1) 34(1) 00122 36 (1) 29 (1)

Diabetes mellitus type 1 129 (1) 40 (1) 00218 50 (2) 32 (1)

Diabetes mellitus type 2 1,072 (9) 280 (6) 01125 314 (10) 227 (7)
i 1,967 (17) 631 (15) 00789 601 (18) 478 (15)
Myocardial infarction 434 (4) 145 (3) 0027 131 (4) 106 (35)

‘N refers o treatment episodes.
"SMD > 0.1 can be considered as a sign of imbalance.
“Atorvastatin 40-80 mg; rosuvastatin 20-40 mg; simvastatin 80 mg (no use of simvastatin 80 mg was observed) (32).
Atorvastatin 10-20 mg; rosuvastatin 5-10 mg; simvastatin 20-40 mg (moderate); simvastatin 10 mg (low) (33).
) et SR Sl K it e IR R L G B il S B e e i SRR i on i i e





