Comparative Efficacy of Initial Statin and Ezetimibe Combination versus Statin Monotherapy on Cardiovascular Outcomes in Diabetes Mellitus: A Nationwide Cohort Study
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Abstract
Background
This study aimed to assess the efficacy of an initial combination therapy of statin and ezetimibe compared with statin monotherapy on major cardiovascular outcomes in individuals with diabetes.

Methods
In this population-based cohort study using National Health Insurance Service data (2010–2020), we included adults with diabetes who had not previously used any lipid-lowering medications. Those initiating statin monotherapy were matched 1:1 using propensity scores with patients starting combination therapy with a lower-potency statin and ezetimibe. This matching process resulted in 21,458 individuals in the primary prevention cohort and 10,094 in the secondary prevention cohort, respectively. The primary endpoint was a composite of myocardial infarction, stroke, and cardiovascular death. Hospitalizations for heart failure, angina, and all-cause mortality were analyzed. The impact of ezetimibe maintenance on the primary endpoint was analyzed, and other hospitalizations were categorized as adverse events.

Results
Compared with statin monotherapy, statin-ezetimibe combination significantly reduced the incidence of the primary endpoint (4.85 vs. 3.25 per 1,000 person-years: hazard ratio [HR], 0.67; 95% confidence interval [CI], 0.56 to 0.81 in the primary cohort; and 19.5 vs. 15.7 per 1,000 person-years: HR, 0.80; 95% CI, 0.70 to 0.91 in the secondary cohort) and myocardial infarction (HR, 0.64; 95% CI, 0.46 to 0.82 in the primary cohort; and HR, 0.73; 95% CI, 0.60 to 0.89 in the secondary cohort). A longer maintenance period of ezetimibe was significantly related to better efficacy in the composite cardiovascular outcomes. High-intensity statin monotherapy was associated with an elevated risk of liver, muscle, and diabetes-related hospitalization in the primary prevention cohort.

Conclusion
Initial therapy with a statin-ezetimibe combination is associated with a reduced risk of cardiovascular events and fewer adverse events compared to statin monotherapy in individuals with diabetes, over a mean follow-up of 5.5 years (up to 9 years).
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Highlights
• Starting ezetimibe-statin therapy reduced 3P-MACE risk more than statin monotherapy.
• Early ezetimibe-statin therapy more effectively reduces major events in high-risk individuals.
• Sustained ezetimibe enhances cardiovascular benefits.


INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of morbidity and mortality worldwide [1], with diabetes mellitus (DM) significantly increasing the risk of cardiovascular mortality due to its high global prevalence [2,3]. In lipid management, reducing low-density lipoprotein (LDL) cholesterol is crucial for lowering the risk of adverse cardiovascular events. Many international guidelines recommend 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors (statins) as the primary intervention for decreasing LDL-cholesterol, with treatment intensity determined by their LDL-cholesterol lowering efficacy [4,5]. In statin therapy, several caveats must be considered, including muscle-related symptoms, disturbances in glucose regulation, and liver function abnormalities [6,7]. Consequently, in some cases, statin dosage cannot be increased sufficiently to achieve LDL-cholesterol target goals due to these adverse events [8].
Ezetimibe, a dyslipidemic agent that inhibits the intestinal absorption of cholesterol by inhibiting the Niemann-Pick C1-Like 1 receptor, offers an alternative or adjunctive strategy. This is particularly relevant for patients who do not reach their lipid goals with statin therapy alone or who are intolerant to statins [9]. Several clinical trials have evaluated the efficacy of ezetimibe. The Ezetimibe Lipid-Lowering Trial on Prevention of Atherosclerotic Cardiovascular Disease in 75 or Older (EWTOPIA 75) study demonstrated the efficacy of ezetimibe monotherapy, showing that it not only reduced LDL-cholesterol levels but also decreased cardiovascular events in elderly patients previously untreated with lipid-lowering therapy [10]. Two randomized controlled trials (RCTs), the Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT) trial and Heart Institute of Japan-PRoper level of lipid lOwering with Pitavastatin and Ezetimibe in acute coRonary syndrome (HIJ-PROPER) trial, investigated the additive effect of ezetimibe with moderate-intensity statin and proved the beneficial role of ezetimibe [11,12]. Recently, moderate-intensity statin combined with ezetimibe therapy showed noninferior cardiovascular outcomes, with better LDL-cholesterol reduction, compared to high-intensity statin monotherapy in Asians with atherosclerotic CVD, suggesting the beneficial role of ezetimibe in combination with statins [13]. However, this open-label study in patients with documented atherosclerotic CVD had limitations, including its non-inferiority design and relatively low event rates, which restricted comparison of individual clinical outcomes.
Based on these studies, we hypothesized that the combination of ezetimibe to lower-intensity statin might be an encouraging option in dyslipidemia management. Therefore, we aimed to investigate the effectiveness of initial lower-intensity statin-ezetimibe combination therapy versus higher-intensity statin monotherapy on major adverse cardiovascular events (MACE) and safety outcomes in patients with DM, using nationwide data from South Korea. By analyzing a nationwide database that includes a broad patient population, this study aims to offer insights into clinical decision-making by bridging the gap between the controlled settings of RCTs and the extensive scope of real-world, long-term data [14].

METHODS
Data source
We performed a nationwide, population-based, retrospective cohort study using data from the South Korean National Health Insurance Service (NHIS). The NHIS mandates public health insurance for all residents of South Korea. Mortality data, including dates and causes of death, were acquired from Statistics Korea [15]. Due to the anonymized nature of the data, which adheres to stringent confidentiality protocols, informed consent was waived. The methodologies employed in this study have been previously detailed and validated [16]. This investigation received the endorsement of the Seoul National University Bundang Hospital Institutional Review Board (IRB No. X-2203-744-902).

Study design and population
Eligibility for the study was determined by the following criteria: (1) age 19 years or older; (2) diagnosed with DM; and (3) naive to lipid-lowering treatments but commenced on statin monotherapy or a combination of statin and ezetimibe for a minimum duration of 180 days between the year from January 1, 2011, and December 31, 2019. Individuals prescribed other dyslipidemia treatments were excluded.
From this framework, we identified 2,487,802 individuals who initiated statin therapy after January 1, 2010, and were diagnosed with DM during the observation period. DM was defined based on International Classification of Diseases, 10th Revision (ICD-10) codes E10–E14 and the prescription of antidiabetic medications. We identified a subset of 1,454,287 patients, who persisted with statin therapy for at least 180 days within the initial year, was further narrowed down. Exclusions were made for patients whose statin dose intensity was indeterminable, those prescribed below a quarter of the lowest dosage, and those on more than double the highest available dosage, resulting in a refined cohort of 902,665. Further refinement to patients with baseline health examination data and those diagnosed with DM before starting statin therapy yielded 516,797 patients fit for analysis (Supplementary Fig. 1).
To compare the outcomes of initial statin monotherapy against combination therapy with statin and ezetimibe, we divided patients into primary prevention and secondary prevention cohorts based on the intensity of their statin regimen and their history of CVD. The secondary prevention cohort was defined as individuals diagnosed with ischemic heart disease, myocardial infarction (MI), stroke, or heart failure either at the initiation of statin therapy or prior to it. Recognizing the significant role of LDL-cholesterol reduction in mitigating cardiovascular events, matching was performed to compare high-intensity statin monotherapy with moderate-intensity statin plus ezetimibe, and moderate-intensity statin monotherapy with low-intensity statin plus ezetimibe, in accordance with the 2023 American College of Cardiology/American Heart Association (ACC/AHA) guidelines [4].

Outcomes
The primary endpoint of our study was the occurrence of a 3-points (3P) MACE, comprising a composite of non-fatal MI (I21–I22), non-fatal stroke (I60–I64), and cardiovascular death (recorded as a death with a diagnosis code starting with ‘I’). Stroke was defined more strictly using brain imaging procedures such as computed tomography and magnetic resonance imaging. Secondary endpoints included hospitalization for heart failure (I50), angina (I20) with coronary artery bypass graft or percutaneous coronary intervention, and all-cause mortality, along with the individual components of the 3P-MACE. Ischemic stroke (I63, I64) was also specifically identified. These outcomes, tracked until December 31, 2020, were defined using specific ICD-10 codes.
Our examination of safety outcomes involved identifying patients hospitalized for conditions potentially associated with statin or statin-ezetimibe therapy. These conditions covered liver-related abnormalities (K70–K77; R94.5), muscle-related disorders (M60–M63, and G72), renal diseases (N18, N19, Z49, Z99.2, and Z94.0), mental health issues (F06.7, G31.8, F00, F01, F03, F05.1, and G31.1), insomnia (G47), cancer (C), and elevated glucose levels (R73). The primary reason for hospitalization due to DM (E10–E14) were also observed. The specific diagnosis codes are detailed in Supplementary Table 1.

Propensity score matching analysis
To neutralize biases and confounders inherent in retrospective analyses, we used a 1:1 propensity score matching (PSM) method. This involved pairing the statin monotherapy group with the statin-ezetimibe combination cohort using a stratified multiple logistic regression model based on a comprehensive set of variables, including demographic data (age, sex), health examination results (body mass index [BMI], systolic blood pressure [SBP], LDL-cholesterol levels, alcohol consumption, smoking status, and exercise history), pre-existing conditions (MI, stroke, heart failure, atherosclerosis, thrombosis, vascular disease, Charlson comorbidity index [17]), medication use (antidiabetic agents, antithrombotic agents, and antihypertensive agents), and the start year of statin therapy. Patients with missing values for any baseline variables of interest were excluded during PSM.

Statistical analysis
Continuous variables were represented as mean±standard deviation and analyzed using the independent sample Student’s t-test, while categorical variables were presented as counts and percentages, assessed through the chi-square test or Fisher’s exact test, as appropriate based on the data distribution. Statistical significance for our analyses was established at a two-sided P value of <0.05. For PSM, a standardized mean difference (SMD) of <0.1 was considered indicative of adequate balance between the groups, ensuring comparability for robust analysis.
Post-PSM, we calculated both the absolute event rate and the event rate per 1,000 person-years for primary endpoints, individual events, and all-cause mortality to provide a comprehensive assessment of the impact of treatment modalities. To further refine risk analysis, Cox proportional hazards regression was applied, providing hazard ratios (HRs) and 95% confidence intervals (CIs) for a nuanced understanding of the relative risk. Kaplan-Meier curves were used for the visualization of endpoint incidence rates over time, with group differences assessed through the stratified log-rank test. We conducted subgroup analyses to examine the incidence of primary outcomes across varied clinical conditions and performed interaction analyses to explore potential heterogeneity in effects. The type of statin used at baseline was also considered in a separate subgroup analysis. Sensitivity analysis probed the relationship between 3P-MACE incidence and the impact of differing durations of statin or ezetimibe use. Changes in statin intensity during the observation period and comparisons of other intensity levels were also evaluated. Events occurring after the 30- or 90-day follow-up periods were also examined to capture delayed effects and assess the long-term impact of treatment. Statistical procedures were executed using SAS software version 9.4 (SAS Institute, Cary, NC, USA).


RESULTS
Patients characteristics
From January 1, 2011, onward, our cohort comprised 408,747 patients receiving initial statin monotherapy and 108,050 patients treated with a statin-ezetimibe combination (Supplementary Table 2). Following 1:1 PSM, two balanced comparison groups were established, resulting in a total of 31,552 patients in two cohorts (21,458 in the primary prevention cohort and 10,094 in the secondary prevention cohort) (Supplementary Fig. 1). Baseline demographics and clinical characteristics, presented in Table 1, achieved equilibrium post-PSM, with a mean follow-up period of 5.5 years: 5.6 years in the primary prevention cohort (5.7±2.3 years for statin monotherapy vs. 5.5±2.4 years for statin-ezetimibe combination, SMD=0.053) and 5.2 years in the secondary prevention cohort (5.2±2.4 years for statin monotherapy vs. 5.1±2.5 years for statin-ezetimibe combination, SMD=0.026). Statin use at baseline is shown in Supplementary Table 3.
Table 1. patient baseline characteristics of primary and secondary prevention cohorts after matching on age, sex, health examination values, lifestyle factors, statin initiation year, pre-existing conditions, Charlson comorbidity index, and concurrent medication use
	Characteristic	Primary prevention
	Secondary prevention

	Higher-intensity statin monotherapy (n=10,729)	Lower-intensity statin+ezetimibe (n=10,729)	SMDa	Higher-intensity statin monotherapy (n=5,047)	Lower-intensity statin+ezetimibe (n=5,047)	SMDa
	Male sex	6,487 (60.5)	6,500 (60.6)	0.002	3,380 (67.0)	3,309 (65.6)	0.030
	Age, yr	57.6±11.0	57.5±11.0	0.017	65.7±10.7	65.5±10.6	0.011
	Body weight, kg	68.5±13.1	68.7±13.0	0.018	66.4±11.7	66.5±11.7	0.002
	Body mass index, kg/m2	25.5±3.7	25.5±3.6	0.002	25.1±3.3	25.1±3.5	0.009
	Waist circumference, cm	86.1±9.1	86.2±9.2	0.011	86.5±8.6	86.5±8.7	0.002
	Systolic blood pressure, mm Hg	129±15.9	128.6±15.5	0.026	131.1±16.4	131.1±16.8	0.001
	Diastolic blood pressure, mm Hg	79.6±10.5	79.3±10.4	0.033	79.1±11	78.9±10.7	0.025
	Current drinker	4,885 (45.5)	4,889 (45.6)	0.001	1,924 (38.1)	1,900 (37.6)	0.010
	Smoking			0.008			0.021
	 Current smoker	2,188 (20.4)	2,222 (20.7)		1,229 (24.4)	1,205 (23.9)	
	 Ex-smoker	2,819 (26.3)	2,805 (26.1)		1,192 (23.6)	1,164 (23.1)	
	Physical activity			0.008			0.009
	 ≥3/week	5,886 (54.9)	5,841 (54.4)		2,692 (53.3)	2,705 (53.6)	
	 ≤1–2 times per week	2,254 (21.0)	2,277 (21.2)		956 (18.9)	939 (18.6)	
	Family history of stroke	772 (7.2)	814 (7.6)	0.015	431 (8.5)	389 (7.7)	0.030
	Family history of heart disease	383 (3.6)	388 (3.6)	0.003	197 (3.9)	196 (3.9)	0.001
	Family history of diabetes	2,590 (24.1)	2,600 (24.2)	0.002	870 (17.2)	894 (17.7)	0.013
	Types of diabetes			0.001			0.013
	 Type 1 diabetes mellitus	414 (3.9)	411 (3.8)		325 (6.4)	309 (6.1)	
	 Type 2 diabetes mellitus	10,315 (96.1)	10,318 (96.2)		4,722 (93.6)	4,738 (93.9)	
	Comorbidity						
	 Hypertension	5,668 (52.8)	5,548 (51.7)	0.022	4,181 (82.8)	4,165 (82.5)	0.008
	 Myocardial infarction	0	0	<0.001	446 (8.8)	426 (8.4)	0.014
	 Angina pectoris	0	0	<0.001	2,658 (52.7)	2,597 (51.5)	0.024
	 Heart failure	0	0	<0.001	865 (17.1)	857 (17.0)	0.004
	 Stroke	0	0	<0.001	1,689 (33.5)	1,726 (34.2)	0.015
	 Chronic kidney disease	164 (1.5)	222 (2.1)	0.041	233 (4.6)	257 (5.1)	0.022
	 Fatty liver disease	1,223 (11.4)	1,312 (12.2)	0.026	472 (9.4)	552 (10.9)	0.053
	 Charlson comorbidity index	1.6±1.5	1.6±1.5	0.006	2.7±2.1	2.7±2.1	0.017
	Biochemical parameters						
	 Fasting glucose, mg/dL	156±60.4	155.4±59.6	0.009	137.0±48.6	137.8±48.4	0.016
	 Total cholesterol, mg/dL	219.2±41.3	219.6±48.6	0.009	200.8±47.9	201.2±37.9	0.009
	 Triglyceride, mg/dL	131.6±49.7	133.4±50.5	0.036	121.1±45.7	122.7±44.6	0.037
	 LDL-cholesterol, mg/dL	133.8±36.0	133.7±45.2	0.001	121.5±44.9	121.2±32.4	0.007
	 HDL-cholesterol, mg/dL	51.0±13.1	50.4±12.4	0.047	48.9±12.8	48.7±12.4	0.018
	 eGFR, mL/min/1.73 m2	90.3±24.9	89.1±24.2	0.049	83.2±24.4	82.1±24.9	0.043
	 Albuminuriaa	827 (7.7)	861 (8.0)	0.012	447 (8.9)	508 (10.1)	0.041
	 AST, IU/L	29.5±23.4	30.4±26.3	0.038	28.5±32.4	28.8±21.8	0.011
	 ALT, IU/L	34.0±33.5	35.6±36.1	0.047	29.1±39.1	30.0±30.0	0.026
	 Hemoglobin, g/dL	14.5±1.6	14.5±1.6	0.004	14.2±1.7	14.2±1.7	0.012
	Antidiabetic medications						
	 Metformin	9,103 (84.8)	9,135 (85.1)	0.008	3,774 (74.8)	3,802 (75.3)	0.013
	 Sulfonylurea	4,672 (43.5)	4,601 (42.9)	0.013	2,158 (42.8)	2,154 (42.7)	0.002
	 DPP4 inhibitor	5,930 (55.3)	6,067 (56.5)	0.026	2,490 (49.3)	2,532 (50.2)	0.017
	 Thiazolidinedione	1,194 (11.1)	1,215 (11.3)	0.006	432 (8.6)	458 (9.1)	0.018
	 SGLT2 inhibitor	761 (7.1)	806 (7.5)	0.016	331 (6.6)	338 (6.7)	0.006
	 GLP1 RA	36 (0.3)	40 (0.4)	0.006	14 (0.3)	17 (0.3)	0.011
	 Insulin	1,446 (13.5)	1,327 (12.4)	0.033	1,423 (28.2)	1,354 (26.8)	0.031
	Antihypertensive medications						
	 ACE inhibitor	345 (3.2)	265 (2.5)	0.045	538 (10.7)	522 (10.3)	0.010
	 ARB	4,783 (44.6)	4,672 (43.5)	0.021	3,269 (64.8)	3,214 (63.7)	0.023
	 Calcium channel blockers	3,475 (32.4)	3,403 (31.7)	0.014	2,676 (53.0)	2,637 (52.2)	0.015
	 Beta blockers	738 (6.9)	665 (6.2)	0.028			
	 Thiazide	2,107 (19.6)	2,092 (19.5)	0.004	1,575 (31.2)	1,542 (30.6)	0.014
	Antiplatelets/Anticoagulants						
	 Aspirin	2,586 (24.1)	2,472 (23)	0.025	3,730 (73.9)	3,605 (71.4)	0.056
	 Clopidogrel	892 (8.3)	701 (6.5)	0.068	2,611 (51.7)	2,529 (50.1)	0.033
	 Cilostazol	540 (5.0)	503 (4.7)	0.016	632 (12.5)	632 (12.5)	<0.001
	 Warfarin	67 (0.6)	47 (0.4)	0.026	221 (4.4)	199 (3.9)	0.022
	 NOAC	60 (0.6)	54 (0.5)	0.008	210 (4.2)	201 (4.0)	0.009


Values are presented as number (%) or mean±standard deviation. SMD with ≤0.1 was considered well balanced after matching. Matching was performed on age, sex, body mass index, systolic blood pressure, LDL-cholesterol, lifestyle factors, statin initiation year, pre-existing conditions, Charlson comorbidity index, and concurrent medication use.SMD, standardized mean difference; LDL, low-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; DPP4, dipeptidyl peptidase-4; SGLT2, sodium-glucose cotransporter-2; GLP1 RA, glucagonlike peptide-1 receptor agonist; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; NOAC, non-vitamin K oral anticoagulant.
aProteinuria was defined as present when the urine stick test confirmed a result of at least 1+ positive.


Among all trial participants, regardless of the treatment group, the primary composite outcome of 3P-MACE occurred at a rate of 4.1 per 1,000 person-years in patients without a history of CVD and 17.6 per 1,000 person-years in those with a history of CVD. The higher rate observed in the secondary prevention cohort was primarily driven by a higher incidence of cardiovascular death: 5.6 per 1,000 person-years compared to 1.0 per 1,000 person-years in the primary prevention cohort.

Initial statin monotherapy vs. statin and ezetimibe combination therapy
The composite primary outcome showed a significant reduction in the statin-ezetimibe combination group compared to the statin monotherapy group: 3.25 vs. 4.85 per 1,000 person-years (HR, 0.67; 95% CI, 0.56 to 0.81; P<0.001) in the primary prevention cohort, and 15.7 vs. 19.5 per 1,000 person-years (HR, 0.80; 95% CI, 0.70 to 0.91; P<0.001) in the secondary prevention cohort as shown in Table 2, Fig. 1. Specifically, the incidence of non-fatal MI was notably lower in the combination therapy group in both cohorts: 1.66 vs. 2.63 per 1,000 person-years (HR, 0.64; 95% CI, 0.46 to 0.82; P<0.001) in the primary prevention cohort; and 6.76 vs. 9.27 per 1,000 person-years (HR, 0.73; 95% CI, 0.60 to 0.89; P=0.002) in the secondary prevention cohort. Cardiovascular mortality trended lower in the combination group only in patients without a history of CVD, albeit with borderline statistical significance (0.80 vs. 1.13 per 1,000 person-years: HR, 0.72; 95% CI, 0.50 to 1.04; P=0.081).
Table 2. Comparative incidence rates of cardiovascular outcomes between statin monotherapy and statin-ezetimibe combination therapy users
	Outcomes	Higher-intensity statin monotherapy
	Lower-intensity statin+ezetimibe
	Lower-intensity statin+ezetimibe vs. Higher-intensity statin monotherapy (Ref)

	Cumulative incidence	Incidence rate, /1,000 PY	Cumulative incidence	Incidence rate, /1,000 PY	HR	95% CI	P value
	Primary prevention	10,729		10,729				
	 3-point MACE	288 (2.7)	4.85	193 (1.8)	3.25	0.67	0.56–0.81	<0.001
	 Its individual component							
	  Myocardial infarction	157 (1.5)	2.63	99 (0.9)	1.66	0.64	0.46–0.82	<0.001
	  Stroke	78 (0.7)	1.30	61 (0.6)	1.02	0.79	0.57–1.11	0.170
	  Cardiovascular death	68 (0.6)	1.13	48 (0.4)	0.80	0.72	0.50–1.04	0.081
	 Ischemic stroke	65 (0.6)	1.08	52 (0.5)	0.87	0.81	0.56–1.16	0.253
	 Hospitalization for heart failure	218 (2.0)	3.66	209 (1.9)	3.51	0.98	0.81–1.18	0.836
	 Hospitalization for angina	221 (2.1)	3.72	150 (1.4)	2.52	0.68	0.55–0.84	<0.001
	 All-cause death	425 (4.0)	7.20	389 (3.6)	6.59	0.93	0.81–1.07	0.315
	Secondary prevention	5,047		5,047				
	 3-point MACE	484 (9.6)	19.5	389 (7.7)	15.7	0.80	0.70–0.91	<0.001
	 Its individual component							
	  Myocardial infarction	236 (4.7)	9.27	172 (3.4)	6.76	0.73	0.60–0.89	0.002
	  Stroke	135 (2.7)	5.23	111 (2.2)	4.30	0.82	0.64–1.06	0.132
	  Cardiovascular death	149 (3.0)	5.79	139 (2.8)	5.40	0.94	0.74–1.18	0.582
	 Ischemic stroke	122 (2.4)	4.71	89 (1.8)	3.44	0.73	0.56–0.96	0.025
	 Hospitalization for heart failure	463 (9.2)	18.8	430 (8.5)	17.4	0.94	0.82–1.07	0.334
	 Hospitalization for angina	441 (8.7)	18.0	368 (7.3)	15.0	0.83	0.72–0.95	0.008
	 All-cause death	543 (10.8)	22.0	541 (10.7)	22.0	1.01	0.90–1.14	0.900


Values are presented as number (%). The 3-point MACE was defined as myocardial infarction, stroke, or cardiovascular death.PY, person-year; HR, hazard ratio; CI, confidence interval; MACE, major adverse cardiovascular events.


[image: Fig. 1.]
Fig. 1. Kaplan-Meier survival curves for cardiovascular events in patients initiating statin monotherapy vs. statin-ezetimibe combination therapy. This figure illustrates the survival probabilities for (A) 3-point major adverse cardiovascular events (3P-MACE), (B) myocardial infarction (MI), (C) stroke, and (D) cardiovascular death, comparing outcomes between statin monotherapy and statin-ezetimibe combination therapy in primary prevention (1st) and secondary prevention (2nd) cohorts. HR, hazard ratio; CI, confidence interval.

No significant differences were observed in overall stroke incidence, while ischemic stroke was reduced with statin-ezetimibe combination therapy in the secondary prevention group (HR, 0.73; 95% CI, 0.56 to 0.96; P=0.025) (Supplementary Fig. 2). Hospitalization rates for angina requiring intervention were significantly reduced in patients receiving statin-ezetimibe combination therapy in both cohorts (HR, 0.68; 95% CI, 0.55 to 0.84; P<0.001, and HR, 0.83; 95% CI, 0.72 to 0.95; P=0.008). No significant differences were observed in hospitalization rates for heart failure in either cohort.

MACE occurrence by therapy duration
An analysis of the relationship between the duration of statinezetimibe combination therapy and the primary outcome revealed that treatment duration, segmented into quartiles, was associated with a declining trend in 3P-MACE incidence with longer usage of ezetimibe, showing similar effect sizes in both cohorts (HR, 0.82; 95% CI, 0.72 to 0.94, and HR, 0.83; 95% CI, 0.76 to 0.91, respectively) (Supplementary Fig. 3). The 3P-MACE risk was reduced by 44% in the primary prevention cohort when comparing the highest duration quartile (>97%, Q4) to the lowest duration quartile (≤27%, Q1). In the secondary prevention cohort, the risk was reduced by 38% in the third quartile (74% to 99%, Q3) and by 39% in the highest quartile (100%, Q4) compared to the lowest duration quartile (<31%, Q1).

Subgroup and sensitivity analysis
The advantage of initial statin-ezetimibe combination therapy was consistent across various demographic and clinical subsets, including age, sex, and pre-existing conditions (Fig. 2). Notably, a few subgroup differences were identified in the primary prevention cohort while no differences were shown in the secondary prevention cohort. In the subgroup with higher-intensity statin therapy, individuals with a BMI of 25 or over and an SBP of 130 or over showed better efficacy compared to the other subgroup (all P for interaction <0.05). The reduced sample size for the seven statin types led to the loss of statistical significance in assessing the effects on 3P-MACE for the three most frequently used statins (Supplementary Table 4). Excluding pitavastatin, which is available only as a moderate-intensity statin, did not affect the results (HR, 0.82; 95% CI, 0.72 to 0.94; P<0.001 for primary prevention, and HR, 0.83; 95% CI, 0.76 to 0.91; P=0.006 for secondary prevention). Changes in statin intensity for each group are presented in Supplementary Table 5. Preservation of the original statin intensity was highest for moderate-intensity statins, exceeding 90%, while high-intensity and low-intensity statin preservation rates were 65.7% and 69.2%, respectively. The adjusted HRs were 0.70 (95% CI, 0.58 to 0.84; P<0.001) for primary prevention, and 0.84 (95% CI, 0.74 to 0.96; P=0.012) for secondary prevention.
[image: Fig. 2.]
Fig. 2. Subgroup analyses of 3-point major adverse cardiovascular events (3P-MACE) in (A) primary prevention and (B) secondary prevention cohort across diverse patient populations. HR, hazard ratio; CI, confidence interval; BMI, body mass index; SBP, systolic blood pressure; LDL, low-density lipoprotein; CKD, chronic kidney disease; SGLT2, sodium-glucose cotransporter-2.

For high-intensity statin monotherapy versus low-intensity statin combined with ezetimibe, the combination therapy demonstrated superior preventive effects (Supplementary Table 6). In contrast, no significant differences were observed between moderate-dose statin monotherapy and moderate-dose statin combined with ezetimibe. Excluding patients with 30- and 90-day follow-ups weakened the observed differences but retained significance in the primary prevention cohort. However, in the secondary prevention cohort, no significant differences were observed after 30 days, suggesting early effectiveness in preventing 3P-MACE.

Safety concerns
Adverse events related to hospitalizations are detailed in Table 3. We found that patients receiving statin-ezetimibe combination therapy in the primary prevention cohort had a lower incidence of hospitalizations due to liver diseases, muscle-related diseases, and diabetes-related conditions compared to those on statin monotherapy (P<0.05). Abnormal liver function tests were significantly higher with statin monotherapy than with statin-ezetimibe combination therapy (P<0.05). The incidences of cognitive abnormalities, and cancer were comparable between both therapeutic approaches. No rhabdomyolysis was observed in our cohorts.
Table 3. Hospitalization due to adverse events: a comparative analysis
	Variable	Primary prevention
	Secondary prevention

	Higher-intensity statin monotherapy (n=10,729)	Lower-intensity statin+ezetimibe (n=10,729)	P value	Higher-intensity statin monotherapy (n=5,047)	Lower-intensity statin+ezetimibe (n=5,047)	P value
	Liver diseases	928 (8.6)	837 (7.8)	0.025	564 (11.2)	536 (10.6)	0.388
	 Mild liver disease	796 (7.4)	733 (6.8)	0.100	519 (10.3)	475 (9.4)	0.151
	 Moderate to severe liver disease	39 (0.4)	36 (0.3)	0.817	25 (0.5)	24 (0.5)	1.000
	LFT abnormality	105 (1.0)	97 (0.9)	0.621	78 (1.5)	50 (1.0)	0.016
	Muscle-related disorders	78 (0.7)	49 (0.5)	0.013	44 (0.9)	39 (0.8)	0.659
	Kidney disease	220 (2.1)	255 (2.4)	0.115	252 (5.0)	282 (5.6)	0.197
	Diabetes-related hospitalization	1056 (9.8)	886 (8.3)	<0.001	587 (11.6)	583 (11.6)	0.926
	 Uncontrolled glucose level	179 (1.7)	180 (1.7)	0.999	171 (3.4)	157 (3.1)	0.466
	Cognitive abnormality						
	 Mild cognitive impairment	39 (0.4)	44 (0.4)	0.660	60 (1.2)	63 (1.2)	0.856
	 Dementia	167 (1.6)	164 (1.5)	0.912	335 (6.6)	287 (5.7)	0.052
	Insomnia	287 (2.7)	258 (2.4)	0.224	223 (4.4)	235 (4.7)	0.599
	Cancer	691 (6.4)	679 (6.3)	0.759	504 (10.0)	508 (10.1)	0.921
	 Breast cancer	37 (0.3)	42 (0.4)	0.652	16 (0.3)	21 (0.4)	0.510
	 Prostate cancer	66 (0.6)	67 (0.6)	0.999	47 (0.9)	56 (1.1)	0.428
	 Stomach cancer	75 (0.7)	54 (0.5)	0.077	45 (0.9)	62 (1.2)	0.120
	 Colorectal cancer	66 (0.6)	56 (0.5)	0.414	66 (1.3)	38 (0.8)	0.008


Values are presented as number (%).LFT, liver function test.




DISCUSSION
Our nationwide real-world investigation revealed that initiating therapy with a statin-ezetimibe combination conferred a marked reduction in 3P-MACE by 33% in those without CVD and 20% in those with CVD compared to statin monotherapy. Additionally, MI and hospitalizations for angina with intervention were reduced more with statin-ezetimibe combination therapy in both cohorts, showing its superior efficacy in managing cardiovascular risk among patients with DM. Notably, sustained administration of the statin-ezetimibe regimen was associated with enhanced MACE mitigation. Furthermore, this combination therapy was linked with a decreased incidence of adverse events, such as hospitalizations related to liver abnormalities.
Previous large-scale RCTs have struggled to conclusively ascertain the independent efficacy of ezetimibe across diverse treatment and patient demographics. The IMPROVE-IT study [11] proved that adding ezetimibe 10 mg to simvastatin 40 mg significantly reduced cardiovascular events compared to simvastatin 40 mg monotherapy (absolute risk difference=2.0%; HR, 0.936; 95% CI, 0.89 to 0.99; P=0.016) among 18,144 individuals presenting with acute coronary syndrome over a 6-year period, alongside a notable LDL-cholesterol reduction. The EWTOPIA 75 study [10] evidenced that among seniors ≥75 years without coronary artery disease, ezetimibe 10 mg therapy diminished the composite cardiac outcome, including 3PMACE and coronary revascularization (HR, 0.66; 95% CI, 0.50 to 0.86; P=0.002). Yet, the Ezetimibe and Simvastatin in Hypercholesterolemia Enhances Atherosclerosis Regression (ENHANCE) study [18] reported that ezetimibe’s addition to simvastatin did not mitigate atherosclerosis progression, as measured by intima-media thickness, despite superior LDL-cholesterol reduction in familial hypercholesterolemia cases.
Many studies have consistently demonstrated that adding ezetimibe to statin therapy more effectively lowered LDL-cholesterol levels than statins alone [11,13]. The IMPROVE-IT [11] and EWTOPIA 75 [10] studies showed that ezetimibe therapy decreased LDL-cholesterol levels by 24% and 26%, respectively. In the Randomised Comparison of Efficacy and Safety of Lipid Lowering with Statin Monotherapy versus Statin–Ezetimibe Combination for high-risk Cardiovascular Disease (RACING) study [13], a combination of rosuvastatin 10 mg with ezetimibe 10 mg paralleled rosuvastatin 20 mg monotherapy in 3-year composite MACE occurrences in atherosclerotic CVD patients. Specifically, in individuals with diabetes within the RACING trial, the incident rate of the primary outcome was marginally lower in the moderate-intensity statin-ezetimibe group compared to the high-intensity statin monotherapy group (–1.27%; HR, 0.89; 95% CI, 0.64 to 1.22; P=0.460) [19]. Of note, the combination reduced both drug discontinuation rates and adverse events [13].
Crucially, our analysis highlighted that initial and prolonged use of statin-ezetimibe combination therapy is significantly more efficacious in preventing 3P-MACE than statin monotherapy in patients with DM. Previous research did not account for the duration of ezetimibe usage, including the RACING trial, which had participants using ezetimibe before enrollment in both groups. This effect was greater in patients without CVD than those with CVD. People with a more metabolically deteriorated status showed better efficacy with statin-ezetimibe combination therapy for the primary prevention of CVD. In secondary prevention, the effect size was similar across varied patient demographics, including age, sex, BMI, SBP, LDL-cholesterol levels, demonstrating favorable effects regardless of baseline characteristics. High-intensity statins, associated with better prognosis in patients with CVD [18], may be better compared with moderate-intensity statins combined with ezetimibe, as low-intensity combinations were less preferred.
Our results demonstrated robust and significant findings favoring the moderate-intensity statin-ezetimibe combination in preventing 3P-MACE (Fig. 2), particularly in the primary prevention cohort. In contrast, the comparison between low-intensity statin-ezetimibe and moderate-intensity statin monotherapy did not yield statistical significance. This outcome might be attributable to two primary factors. First, the lower event rate in this specific subgroup further diminished statistical power, potentially masking the true effect of the intervention. Second, subgroup analyses inherently result in smaller sample sizes, leading to wider CIs and a higher degree of uncertainty. For the secondary prevention cohort, no significant differences across subgroups were observed, likely to reflect the higher incidence of 3P-MACE events. Overall, these data highlight the potential benefit of combination therapy, though subgroup differences in the primary prevention cohort may be influenced by sample size and event rates.
Despite the wide application of statins in mitigating cardiovascular events and mortality across a diverse populations at risk or with CVD [20,21], attention to statin-associated adverse effects remains imperative [22]. Known complications, such as muscle symptoms leading to treatment discontinuation [23] and a modest elevation in blood glucose levels and diabetes onset risk [24], underscore the need for vigilant therapeutic management.
Our observation of increased diabetes-related hospitalizations in the primary prevention cohort with higher-intensity statin therapy aligns with existing literature, indicating that statins may impair glucose homeostasis by attenuating insulin secretion and impeding β-cell proliferation [25]. Often, people might not reach the desired LDL-cholesterol thresholds through statin monotherapy alone [26]. Therefore, while statins are the drug of choice in CVD prevention, the necessity for individualized statin therapy considering with a generally favorable safety profile is evident [27].
Ezetimibe, beyond its LDL-cholesterol-lowering capability, is recognized for its additional beneficial properties. It not only exhibits anti-inflammatory effects but also significantly reduces C-reactive protein levels alongside statins, providing a complementary approach to traditional lipid-lowering strategies [11,28]. Its mechanism, possibly including direct effects on macrophages and inhibiting oxidized LDL absorption [29], suggests a broader cardiovascular protective role, including attenuation of insulin resistance [30] and atherosclerosis progression [31,32]. We previously reported that the concentrations of small, dense LDL particles were significantly higher in individuals with impaired glucose regulation compared to those without [33]. Ezetimibe, both alone and in combination with simvastatin, has been shown to reduce the concentration of small, dense LDL in patients with type 2 DM [34]. Thus, ezetimibe may provide additional benefits in states of insulin resistance or metabolic syndrome [35].
This study has the advantage of identifying the exact starting point and duration of ezetimibe use. It is also worth noting that the study was conducted over a long period of time, up to 9 years. Current lipid management guidelines advocate for statin monotherapy to achieve LDL-cholesterol target goal and mitigate cardiovascular morbidity and mortality [4,5]. Nevertheless, our findings underscore the persistence of residual cardiovascular risk, thereby supporting the initiation of ezetimibe with statin therapy as an effective strategy to mitigate this risk [36-39]. Lastly, the research cohort, constructed using PSM with most of the available significant variables, ensures a wellbalanced comparison between the two groups. However, the retrospective nature of the study and reliance on claims data bring potential biases and pose challenges in diagnostic validation and it would have been difficult to determine the exact reason for hospitalization. Nonetheless, the diagnoses were set based on reliable sources [40]. The duration of diabetes, which was not collected, could have influenced the outcomes and was not evaluated in our study. Among patients receiving moderate-intensity statin monotherapy versus moderate-dose statin combined with ezetimibe, no significant difference was observed between the two groups. This might reflect the inclusion of a diverse patient population, allowing for adjustments such as selecting statin intensity based on expected statin tolerability. Thus, the evidence supporting the efficacy of lower-intensity statins combined with ezetimibe requires further validation.
In conclusion, our study offers insights into the utilization of statin-ezetimibe combination therapy in East Asian patients with DM, demonstrating its superior efficacy in reducing 3P-MACE and MI rates, alongside enhanced safety profiles concerning liver disease and glucose regulation, compared to higher-intensity statins alone. These findings support the early consideration of ezetimibe combination therapy in the course of statin treatment, particularly for patients at higher risk of adverse effects or those with statin intolerance. The decision between monotherapy and combination therapy ought to be customized, reflecting the patient’s cardiovascular risk, LDL-cholesterol targets, medication tolerance, and potential for drug interactions. This calls for future prospective studies to refine and optimize CVD prevention strategies in this patient population.
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Supplementary Fig. 1.Study population selection process. This flowchart details the criteria and steps involved in defining the study cohort. BMI, body mass index; SBP, systolic blood pressure; LDL, low-density lipoprotein; MI, myocardial infarction.


Supplementary Fig. 2.Kaplan-Meier survival curves for cardiovascular events in patients initiating statin monotherapy vs. statin-ezetimibe combination therapy. This figure illustrates the survival probabilities for (A) ischemic stroke, (B) hospitalization for angina with intervention, (C) hospitalization for heart failure (HF), and (D) all-cause death, comparing outcomes between statin monotherapy and statin-ezetimibe combination therapy in primary prevention and secondary prevention cohorts. HR, hazard ratio; CI, confidence interval.


Supplementary Fig. 3.Kaplan-Meier survival curves for 3-point major adverse cardiovascular events (3P-MACE) in patients initiating statin-ezetimibe combination therapy. The figure illustrates the survival probabilities by the maintenance of ezetimibe during the observation period in (A) primary prevention and (B) secondary prevention cohorts. The quartile criteria for maintenance of ezetimibe are 27%, 66%, and 97% in the primary prevention cohort and 31%, 74%, and 100% in the secondary prevention cohort. HR, hazard ratio; CI, confidence interval.
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BMI <25 kg/m? 115/5066 (2.3) 140/5115 (2.7) 0.84 (0.66, 1.08)

Systolic blood pressure
SBP 2130 mmHg 94/5335 (1.8) 171/5459 (3.1) —.— 0.57 (0.44, 0.74) 0.049
SBP <130 mmHg 99/5394 (1.8) 117/5270 (2.2) —a— 0.83 (0.63, 1.08)

LDL~cholesterol
LDL-cholesterol 2100 mg/dl 165/9120 (1.8) 249/9052 (2.8) —— 0.67 (0.55, 0.81) 0.712
LDL-cholesterol <100 mg/di 28/1609 (1.7) 39/1677 (2.3) — 0.74 (0.45, 1.20)

Types of diabetes
Type 1 diabetes 9411 (2.2) 13/414 (3.1) 0.70 (0.30, 1.63) 0.948
Type 2 diabetes 184/10318 (1.8) 275/10315 (2.7) — 0.68 (0.56, 0.81)

Hypertension
Yes 126/5548 (2.3) 186/5668 (3.3) — 0.70 (0.56, 0.87) 0.698
No 67/5181 (1.3) 102/5061 (2.0) —— 0.65 (0.48.0.88)

CKD
Yes 9221 (4.1) 11/188 (5.9) 0.70 (0.29, 1.70) 0.925
No 184/10508 (1.8) 277110541 (2.5) —— 0.67 (0.57, 0.85)

SGLT2 inhibitor
User 131779 (1.7) 18/740 (2.4) —_— 0.69 (0.34, 1.41) 0.938
Nonuser 180/9950 (1.8) 270/9989 (2.6) —-— 0.67 (0.56, 0.85)

Overall 193/10729 (1.8) 288/10729 (2.7) —— 0.67 (0.56, 0.81)
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Secondary Prevention cohort Number/Total(%)

Subgroup Statin+Ezetimibe Statin monotherapy Hazard Ratio (95% Cl) Pinteraction

Statin intensity
High statin monotherapy vs. moderate statin+ezetimibe 296/3678 (8.0) 380/3678 (10.3) —— 0.78 (0.67, 0.91) 0.461
Moderate statin monotherapy vs.low statin+ezetimibe 93/1369 (6.8) 104/1369 (7.6) —— 0.88 (0.66, 1.16)

Sex
Men 279/3309 (8.4) 332/3380 (9.8) —— 0.84 (0.72, 0.99) 0.256
Women 110/1738 (6.3) 152/1667 (9.1) —. 0.71 (0.56, 0.91)

Age
Age 265 years 261/2819 (9.3) 332/2825 (11.8) —.-— 0.77 (0.66, 0.91) 0.495
Age <65 years 128/2228 (5.7) 152/2222 (6.8) —a— 0.85 (0.67, 1.07)

Body mass index
BMI 225 kg/m* 160/2464 (6.5) 206/2465 (8.4) —— 0.78 (0.63, 0.96) 0.786
BMI <25 kg/m? 229/2583 (8.9) 278/2582 (10.8) — 0.81(0.68, 0.96)

Systolic blood pressure
SBP 2130 mmHg 234/2798 (8.4) 293/2871 (10.2) —— 0.81(0.69, 0.97) 0.788
SBP <130 mmHg 155/2249 (6.9) 191/2176 (8.8) —.— 0.78 (0.63, 0.97)

LDL~cholesterol
LDL-cholesterol 270 mg/d! 302/3820 (7.9) 357/3701 (9.6) - 0.82(0.71, 0.96) 0.461
LDL-cholesterol <70 mg/dl 87/1227 (7.1) 127/1346 (9.4) —— 0.73 (0.56, 0.96)

Types of diabetes
Type 1 diabetes 35/309 (11.3) 47/325 (14.5) —_——— 0.77 (0.50, 1.20) 0.870
Type 2 diabetes 354/4738 (7.5) 437/4722 (9.3) .- 0.80 (0.70, 0.92)

Hypertension
Yes 329/4165 (7.9) 417/4181 (10.0) i 0.78 (0.68, 0.91) 0.460
No 60/882 (6.8) 67/866 (7.7) — 0.90 (0.63, 1.27)

CKD
Yes 29/257 (11.3) 41/237 (17.3) —_— 0.64 (0.40, 1.03) 0.222
No 360/4790 (7.5) 413/4810 (8.9) - 0.87 (0.75, 0.99)

SGLT2 inhibitor
User 19/318 (6.0) 26/312 (8.3) 0.74 (0.41,1.34) 0.628
Nonuser 370/4729 (8.0) 428/4735 (9.4) - 0.86 (0.74, 0.97)

Overall 389/5047 (7.7) 484/5047 (9.6) . 0.80 (0.70, 0.91)
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Conclusion 4
Initial therapy with a statin-ezetimibe combination is associated with a reduced risk of cardiovascular events and
fewer adverse events compared to statin monotherapy in individuals with diabetes mellitus. .
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