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Abstract

:

Ezetimibe reduces cardiovascular risk by lowering the levels of low-density lipoprotein cholesterol (LDL-C). However, there is limited information regarding the factors associated with ezetimibe-mediated LDL-C reduction. We investigated the factors associated with LDL-C reduction after ezetimibe administration in Japanese patients with or without type 2 diabetes mellitus (T2DM). This single-center retrospective observational study enrolled a total of 266 consecutive ezetimibe-naïve patients, of which 154 were excluded because of either switching from statin or fenofibrate to ezetimibe (n = 52) or ezetimibe discontinuation (n = 102). Finally, 112 patients were eligible for analysis. To identify the factors influencing LDL-C levels, univariate and multivariate linear regression analyses were performed after 52 weeks of ezetimibe treatment. Overall, advanced age, T2DM, and high baseline LDL-C were significantly associated with a greater decrease in LDL-C levels. In the non-T2DM group, advanced age and high baseline LDL-C were associated with greater decrease in LDL-C levels. In the T2DM group, baseline LDL-C was the only factor that influenced the change in LDL-C levels. Advanced age was significantly associated with higher LDL-C reduction in non-T2DM patients, but not in T2DM patients. Ezetimibe use might be beneficial in older patients without T2DM. The lack of association between age and the LDL-C lowering effect by ezetimibe in patients with T2DM may be due to yet unknown mechanism except low statistical power.
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1. Introduction


Hyperlipidemia accelerates the progression of atherosclerosis and raises the risk of cardiovascular diseases [1]. Statin, an hydroxymethylglutaryl-CoA (HMG-CoA) reductase inhibitor, is irrefutably the first line pharmacological therapy that is used for lowering low-density lipoprotein cholesterol (LDL-C) levels [2,3] and reducing the risk of cardiovascular events [1,2,3,4]. Statin is the most widely used therapeutic agent for hyperlipidemia; however, some patients still exhibit significant residual cardiovascular risks [5]. A series of randomized control trials [6] have confirmed that aggressive LDL-C reduction is beneficial to combat residual cardiovascular risk. There is substantial variability among individuals with respect to response to statin [7]. Furthermore, statin dosing is not enough in cases where statin monotherapy does not achieve sufficient LDL-C lowering [8,9,10]. Ezetimibe is a selective cholesterol inhibitor that acts on the Niemann–Pick C1-like 1 protein, a cholesterol transport protein located at the brush border of the small intestine [11,12]. The combination of ezetimibe and statin can accomplish a more aggressive LDL-C reduction and can reduce further incidence of a cardiovascular event [10,11].



In Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT) and other clinical trials [9,13,14,15], patients with type 2 diabetes mellitus (T2DM) were shown to exhibit a greater decrease in LDL-C when ezetimibe administered ezetimibe in addition to statin. Moreover, the combination of ezetimibe with statin enhanced the secondary prevention of cardiovascular events [9,16]. However, there is still limited information regarding the factors that influence the LDL-C lowering effect of ezetimibe, other than T2DM.



The present study aimed to examine the clinical factors that influence the change in LDL-C level after one year of ezetimibe treatment in patients with or without T2DM.




2. Materials and Methods


2.1. Participants


We conducted a single-center retrospective observational study. A total of 266 ezetimibe-naïve patients, who were started on ezetimibe treatment between August 2007 and December 2012, were included. Out of these patients, we excluded 154 patients because of the following reasons: switching from statin or fenofibrate to ezetimibe (n = 52) and discontinuation of ezetimibe within 52 weeks or missing from follow up during 52 weeks (n = 102). Finally, 112 patients were eligible for analysis (Figure 1). None of those patients had new-onset malignancy during the observational period. We divided the participants into two groups: patients with (T2DM, n = 33) and without T2DM (non-T2DM, n = 79).



When ezetimibe treatment was initiated, attending doctors and pharmacologists explained the purpose of ezetimibe and its usage. The registered nurse confirmed the patients’ compliance with the use of ezetimibe at every hospital visit.



The local ethical committee approved the present study. The present study adhered to the tenet of the Declaration of Helsinki. The need for informed consent was waived because of the observational nature of the study.




2.2. Data Collection


Blood samples were obtained from a brachial vein, in the fasting state, on the same day as ezetimibe administration was initiated and 52 weeks after the ezetimibe treatment. The analyses were performed immediately after blood sampling using Bio-Majesty JCA-BM 2250 (JEOL, Ltd., Tokyo, Japan). Medical technicians reanalyzed the data to check for out of reference values.



The primary outcome was the % change in LDL-C from baseline to follow up (52 weeks after the treatment). LDL-C levels were calculated using the Friedewald equation when the triglyceride (TG) level was equal to or less than 400 mg/dL, and were directly measured when the TG level exceeded 400 mg/dL.



We reviewed the medical chart to collect data on clinical characteristics, comorbidities (including hypertension and T2DM), coronary artery disease (defined as a patient with any of following: angina pectoris, organic coronary artery stenosis, old myocardial infarction, or history of percutaneous coronary intervention or coronary artery bypass grafting), chronic kidney disease (estimated glomerular filtration rate <60 mL/min/1.73 m2), antihyperlipidemic pretreatment (>4 weeks prior to start of ezetimibe administration), and laboratory data.




2.3. Statistical Analysis


Continuous variables with normal distribution and skewed distribution were expressed as mean ± standard deviation and median [25%, 75%], respectively. Categorical variables were expressed as a number with a percentage.



For the two-group comparison, the Student’s t-test and the Mann–Whitney U test were used for continuous variables with normal and skewed distribution, and the Fisher’s exact test was used for categorical variables. To evaluate the change in lipid profile including LDL-C, high-density lipoprotein cholesterol (HDL-C), and TG after 52 weeks of ezetimibe treatment, the Wilcoxon signed-rank test was used.



We examined age, gender, T2DM, hypertension, coronary artery disease, statin pretreatment, and baseline LDL-C of the patients using univariate linear regression analysis, to identify the factors associated with the change in LDL-C after ezetimibe treatment in the overall population and stratified them under T2DM or non-T2DM. The factors suggestive to be associated with LDL-C reduction in the univariate analysis (p < 0.10) were assessed using a multivariate linear regression model in the overall population and stratified under T2DM or non-T2DM.



A post hoc power calculation for the two-group comparison of % change in LDL-C between T2DM and non-T2DM was performed as described previously [17]. We also assessed the statistical power for the multivariate linear regression model to determine the factors associated with the efficacy of ezetimibe in each model [18].



The statistical software used to analyze the data included R 3.5.1 (R Project for Statistical Computing, Vienna, Austria) and Prism 8.0.0 (GraphPad Software, Inc., La Jolla, CA, USA). All statistical tests were two-tailed and p < 0.05 was considered to be statistically significant.





3. Results


3.1. Participants


In overall, the median age was 60 years. There were 64/112 (56%) male patients, of which 33/112 (29%) patients had T2DM. There were no significant differences in age, gender, body weight, and body mass index between the patients with and without T2DM. Hypertension, coronary artery disease, chronic kidney disease, and hemodialysis were more frequently seen in the T2DM group than in the non-T2DM group (Table 1; Figure S1).




3.2. Lipid Profile


There were no significant differences in baseline LDL-C and HDL-C between the non-T2DM and T2DM groups (Figure 2). Baseline TG in the T2DM group was higher than that in the non-T2DM group. Follow-up LDL-C in the T2DM group was significantly lower than that in the non-T2DM group (Figure 2). Percent change in LDL-C in the T2DM group was greater than that in the non-T2DM group (non-T2DM: −12.4 (−23.8 to 2.6) vs. T2DM: −26 (−37 to −8.4), p = 0.004; Figure 3).




3.3. Factors Associated with Reductions in LDL-C after Ezetimibe Treatment


In overall, univariate linear regression analysis revealed age and baseline LDL-C to be significant factors associated with the % change in LDL-C (age, coefficient = −0.99, p = 0.003, Figure 4a; baseline LDL-C, coefficient = −0.52, p < 0.001, Table 2). The association of LDL-C reduction with T2DM was not significant; however, a trend was observed (coefficient = −20.3, p = 0.056). In overall, multivariate linear regression analysis showed that age and baseline LDL-C were significantly associated with a reduction in LDL-C (age, coefficient = −0.75, p = 0.016; baseline LDL-C, coefficient = −0.48, p < 0.001; Table 2).



In the non-T2DM group, age and baseline LDL-C showed significant correlation with % change in LDL-C (age, coefficient = −1.22, p = 0.006, Table 2 and Figure 4b; baseline LDL-C, coefficient = −0.58, p < 0.001, Table 2). Similarly, the multivariate linear regression model showed that age and baseline LDL-C were significantly associated with the % change in LDL-C in this group (age, coefficient = −0.97, p = 0.024, Table 2; baseline LDL-C, coefficient = −0.5, p < 0.001, Table 2).



In the T2DM group, there was no significant correlation between age and the % change in LDL-C (p = 0.61; Figure 4c). The baseline LDL-C was the only significant factor that was associated with the LDL-C reduction (baseline LDL-C, coefficient = −0.39, p < 0.001; Table 2). Thus, multivariate linear regression analysis was not employed for this group.




3.4. Post Hoc Power Calculation


The estimated statistical power for the two-group comparison of the % change in LDL-C between the non-T2DM and T2DM groups was 0.96. The calculated statistical power of a univariate linear regression model to estimate % change in LDL-C using age in overall, non-T2DM and T2DM were 0.84, 0.81, and 0.09. The multivariate linear regression model to determine the factors that influence the LDL-C lowering effect of ezetimibe in the overall population and the non-T2DM group had 0.98 and 0.94 of statistical power.





4. Discussion


The present study compared the factors associated with ezetimibe-mediated LDL-C reduction in Japanese patients with or without T2DM. There were two major findings. First, the T2DM group exhibited a larger LDL-C reduction than the non-T2DM group (Figure 3). Second, the factors associated with ezetimibe-mediated LDL-C reduction were different in the patients with or without T2DM; a significant negative relationship between age and the % change in LDL-C was observed in the non-T2DM group (Figure 4b) but not in the T2DM group (Figure 4c). This study is the first to show that the effect of ezetimibe on LDL-C might be age-dependent in non-diabetic patients, but not in diabetic patients.



4.1. Factors Influencing the Efficacy of Ezetimibe


T2DM and high baseline LDL-C have previously been reported to be associated with the LDL-C lowering effects of ezetimibe [14,15]. Meanwhile, to determine the clinical factors that influence the LDL-C lowering effects of ezetimibe, Goldberg et al. [19] examined 1229 T2DM patients and found that older patients (≥65 years old) had a preferable lipid profile change, such as greater LDL-C decrease and high-density lipoprotein cholesterol (HDL-C) increase, compared to younger patients (<65 years old). The results of the current study showed that T2DM patients exhibited a greater LDL-C decrease than patients without T2DM after 52 weeks of ezetimibe treatment (Figure 3), which was consistent with previous reports [14]. In the patients without T2DM, ezetimibe administration led to a greater LDL-C reduction in older patients than in younger patients (Figure 4, Table 2). In contrast, the T2DM patients did not exhibit such age-dependent responses to ezetimibe (Figure 4, Table 2). Considering the result of both previous reports [19] and the current study, the lack of association between age and the LDL-C lowering effect by ezetimibe in patients with T2DM may be due to yet unknown mechanism. However, low statistical power might be partially responsible for the absence of an age-dependent effect of ezetimibe in patients with T2DM. Clinically, aging effects on ezetimibe efficacy may be limited in patients with T2DM.



The IMPROVE-IT trial [9,14], a large randomized clinical trial, demonstrated the effectiveness of ezetimibe administration as secondary prevention in patients with myocardial infarction. The clinical effectiveness in patients with T2DM has been reported in terms of a greater LDL-C decrease, which results in low risk of a cardiac event [20]. Therefore, ezetimibe should be recommended for T2DM patients regardless of their age. In the patients without T2DM, older patients might be considered as beneficial candidates for the ezetimibe-mediated LDL-C lowering treatment.




4.2. Limitations


The present study had several limitations. The patients’ compliance with the ezetimibe regimen was not assured, although a registered nurses confirmed their compliance. We could not address the clinical information that could modify the LDL-C lowering effect of ezetimibe, such as severity of T2DM, diet, and daily exercise. We could not follow up clinical events entirely such as cardiovascular events or new-onset malignancy. Despite the limitations of this study, we demonstrated the importance of age in patients without T2DM while considering cost-effectiveness of the ezetimibe treatment for hyperlipidemia. The lack of association between age and LDL-C lowering effect by ezetimibe in patients with T2DM might be due to low statistical power. Well-designed studies to further elucidate the factors that are associated with the response to ezetimibe are warranted.





5. Conclusions


A greater decrease in LDL-C levels was observed in the T2DM group than in the non-T2DM group. There was a significant negative correlation between age and change in LDL-C levels after 52 weeks of ezetimibe treatment in the overall population and in the non-T2DM patients. Advanced age is a significant factor for the LDL-C lowering effect of ezetimibe in non-T2DM patients, but not in T2DM patients. Ezetimibe should be recommended to patients with T2DM, although it might be most beneficial for older patients without T2DM.








Supplementary Materials


The following are available online at https://www.mdpi.com/2077-0383/9/6/1675/s1, Figure S1: The comparisons of baseline characteristics in non-T2DM and T2DM groups.





Author Contributions


Conceptualization, S.Y. and M.S.; methodology, S.Y. and M.S.; data curation, S.Y. and K.O.; writing—original draft preparation, S.Y.; supervision, M.H., O.A., and M.S.; review and editing, M.S. All authors have read and agreed to the published version of the manuscript.




Acknowledgments


The authors thank Takeshi Toma, Toyofumi Majikina, Akiko Zaha, Masanori Kakazu, Minetaka Maeda, Masami Abe, Toshiya Chinen, and Atsushi Kakazu for their kind corporations. The authors thank Shoko Nakaima for assistance in writing this manuscript. The authors thank the medical technicians at Tomishiro Central Hospital for measuring the blood samples.




Conflicts of Interest


The authors declared no conflict of interest.




References


	



Nelson, R.H. Hyperlipidemia as a risk factor for cardiovascular disease. Prim. Care Clin. Off. Pract. 2012, 40, 195–211. [Google Scholar] [CrossRef] [PubMed]

	



Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado, V.; Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular risk: The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS). Eur. Heart J. 2019, 41, 111–188. [Google Scholar]

	



Stone, n.J.; Robinson, J.G.; Lichtenstein, A.H.; Merz, C.N.B.; Blum, C.B.; Eckel, R.H.; Goldberg, A.C.; Gordon, D.; Levy, D.; Lloyd-Jones, D.; et al. 2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults. J. Am. Coll. Cardiol. 2013, 129, S1–S45. [Google Scholar] [CrossRef]

	



Rosenson, R.S.; Tangney, C.C. Antiatherothrombotic properties of statins: Implications for cardiovascular event reduction. JAMA 1998, 279, 1643–1650. [Google Scholar] [CrossRef] [PubMed]

	



Reith, C.; Armitage, J. Management of residual risk after statin therapy. Atherosclerosis 2016, 245, 161–170. [Google Scholar] [CrossRef] [PubMed]

	



Cannon, C.P.; Steinberg, B.A.; Murphy, S.A.; Mega, J.L.; Braunwald, E. Meta-Analysis of Cardiovascular Outcomes Trials Comparing Intensive Versus Moderate Statin Therapy. J. Am. Coll. Cardiol. 2006, 48, 438–445. [Google Scholar] [CrossRef] [PubMed]

	



O’Neill, F.H.; Patel, D.D.; Knight, B.L.; Neuwirth, C.K.Y.; Bourbon, M.; Soutar, A.K.; Taylor, G.W.; Thompson, G.R.; Naoumova, R.P. Determinants of Variable Response to Statin Treatment in Patients With Refractory Familial Hypercholesterolemia. Arter. Thromb. Vasc. Boil. 2001, 21, 832–837. [Google Scholar] [CrossRef]

	



Roberts, W.C. The rule of 5 and the rule of 7 in lipid-lowering by statin drugs. Am. J. Cardiol. 1997, 80, 106–107. [Google Scholar] [CrossRef]

	



Cannon, C.P.; Blazing, M.A.; Giugliano, R.P.; McCagg, A.; White, J.A.; Théroux, P.; Darius, H.; Lewis, B.S.; Ophuis, T.O.; Jukema, J.W.; et al. Ezetimibe Added to Statin Therapy after Acute Coronary Syndromes. N. Engl. J. Med. 2015, 372, 2387–2397. [Google Scholar] [CrossRef]

	



Toth, P.P.; Phan, B.A.P.; Dayspring, T.D. Ezetimibe therapy: Mechanism of action and clinical update. Vasc. Heal. Risk Manag. 2012, 8, 415–427. [Google Scholar] [CrossRef] [PubMed]

	



Knopp, R.H.; Gitter, H.; Truitt, T.; Bays, H.; Manion, C.; Lipka, L.; LeBeaut, A.; Suresh, R.; Yang, B.; Veltri, E. Effects of ezetimibe, a new cholesterol absorption inhibitor, on plasma lipids in patients with primary hypercholesterolemia. Eur. Heart J. 2003, 24, 729–741. [Google Scholar] [CrossRef]

	



Nutescu, E.A.; Shapiro, N.L. Ezetimibe: A Selective Cholesterol Absorption Inhibitor. Pharmacother. J. Hum. Pharmacol. Drug Ther. 2003, 23, 1463–1474. [Google Scholar] [CrossRef] [PubMed]

	



Leiter, L.A.; Betteridge, D.J.; Farnier, M.; Guyton, J.R.; Lin, J.; Shah, A.; Johnson-Levonas, A.O.; Brudi, P. Lipid-altering efficacy and safety profile of combination therapy with ezetimibe/statin vs. statin monotherapy in patients with and without diabetes: An analysis of pooled data from 27 clinical trials. Diabetes Obes. Metab. 2011, 13, 615–628. [Google Scholar] [CrossRef] [PubMed]

	



Giugliano, R.P.; Cannon, C.P.; Blazing, M.A.; Nicolau, J.C.; Corbalán, R.; Špinar, J.; Park, J.-G.; White, J.A.; Bohula, E.A.; Braunwald, E. Benefit of Adding Ezetimibe to Statin Therapy on Cardiovascular Outcomes and Safety in Patients With Versus Without Diabetes Mellitus. Circulation 2018, 137, 1571–1582. [Google Scholar] [CrossRef] [PubMed]

	



Okada, K.; Yagyu, H.; Kotani, K.; Miyamoto, M.; Osuga, J.-I.; Nagasaka, S.; Ishibashi, S. Lipid-lowering effects of ezetimibe for hypercholesterolemic patients with and without type 2 diabetes mellitus. Endocr. J. 2010, 57, 903–908. [Google Scholar] [CrossRef] [PubMed]

	



Cruz-Fernández, J.M.; Bedarida, G.V.; Adgey, J.; Allen, C.; Johnson-Levonas, A.O.; Massaad, R. Efficacy and safety of ezetimibe co-administered with ongoing atorvastatin therapy in achieving low-density lipoprotein goal in patients with hypercholesterolemia and coronary heart disease. Int. J. Clin. Pract. 2005, 59, 619–627. [Google Scholar] [CrossRef] [PubMed]

	



Shieh, G.; Jan, S.-L.; Randles, R.H. On power and sample size determinations for the Wilcoxon–Mann–Whitney test. J. Nonparametric Stat. 2006, 18, 33–43. [Google Scholar] [CrossRef]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988. [Google Scholar]

	



Goldberg, R.B.; Guyton, J.R.; Mazzone, T.; Weinstock, R.S.; Polis, A.B.; Tipping, D.; Tomassini, J.E.; Tershakovec, A.M. Relationships Between Metabolic Syndrome and Other Baseline Factors and the Efficacy of Ezetimibe/Simvastatin and Atorvastatin in Patients With Type 2 Diabetes and Hypercholesterolemia. Diabetes Care 2010, 33, 1021–1024. [Google Scholar] [CrossRef] [PubMed]

	



Hammersley, D.; Signy, M. Ezetimibe: An update on its clinical usefulness in specific patient groups. Ther. Adv. Chronic Dis. 2016, 8, 4–11. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 09 01675 g001 550] 





Figure 1. Flowchart of enrollment. T2DM, type 2 diabetes mellitus. 
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Figure 2. Lipid profiles before and after treatment of ezetimibe in non-T2DM and T2DM groups. Values are mean ± SD or median (25%, 75%). HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; T2DM, type 2 diabetes mellitus. * p < 0.05; ** p < 0.01 vs. non-T2DM. p values vs. baseline. ns: not significant. 
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Figure 3. Comparison of % change in LDL-C level between non-T2DM and T2DM groups. LDL-C, low-density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus. Bars represent median (25%, 75%). 
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Figure 4. Correlations between age and % change in LDL-C. The Pearson correlation coefficient is used to calculate slope (solid lines) with 95% confidence interval (dotted lines). 
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Table 1. Baseline clinical characteristics and lipid profile before and after ezetimibe treatment.
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	Overall
	Non-T2DM
	T2DM
	p Value





	
	n = 112
	n = 79
	n = 33
	



	Age, years
	60 (49, 67)
	59 (49, 68)
	60 (50, 67)
	0.5



	Male gender, n (%)
	64/112 (56)
	41/79 (52)
	22/33 (67)
	0.21



	Body weight, kg
	66 (57, 74)
	67 (55, 72)
	65 (57, 76)
	0.6



	Body mass index, kg/m2
	25.5 (23.4, 28.1)
	25.4 (22.9, 28)
	25.9 (23.8, 28.1)
	0.61



	Past medical history, n (%)
	
	
	
	



	Hypertension
	46/112 (41)
	20/79 (25)
	26/33 (79)
	<0.001



	Coronary artery disease
	15/112 (13)
	4/79 (5.1)
	11/33 (33)
	<0.001



	Chronic kidney disease
	26/112 (23)
	14/79 (18)
	12/33 (36)
	<0.001



	Hemodialysis
	16/112 (14)
	4/79 (5.1)
	12/33 (36)
	<0.001







T2DM, type 2 diabetes mellitus.
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Table 2. Univariate and multivariate linear regression analyses to identify factors associated with% change in LDL-C.
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Overall (n = 112)




	

	
Univariate

	
Multivariate




	
Adj R2 = 0.19, p < 0.001




	

	
Coefficient

	
95% CI

	
p Value

	
Coefficient

	
95% CI

	
p Value




	
Age, 1 year

	
−0.99

	
−1.64

	
−0.34

	
0.003

	
−0.75

	
−1.37

	
−0.14

	
0.016




	
Male gender

	
−12.94

	
−32.07

	
6.19

	
0.19

	

	

	

	




	
Type 2 diabetes mellitus

	
−20.3

	
−40.93

	
0.34

	
0.056

	
−14.51

	
−36.22

	
7.19

	
0.19




	
Hypertension

	
−17.36

	
−36.53

	
1.81

	
0.079

	
−10.45

	
−30.5

	
9.6

	
0.31




	
Coronary artery disease

	
−11.06

	
−39.06

	
16.95

	
0.44

	

	

	

	




	
Statin pretreatment

	
5.36

	
−15.25

	
25.97

	
0.61

	

	

	

	




	
Baseline LDL-C, mg/dL

	
−0.52

	
−0.77

	
−0.27

	
<0.001

	
−0.48

	
−0.72

	
−0.24

	
<0.001




	
Non-Type 2 Diabetes Mellitus (n = 79)




	

	
Univariate

	
Multivariate




	
Adj R2 = 0.17, p < 0.001




	

	
Coefficient

	

	
p Value

	
Coefficient

	
95% CI

	
p Value




	
Age, 1 year

	
−1.22

	
−2.07

	
−0.37

	
0.006

	
−0.97

	
−1.79

	
−0.14

	
0.024




	
Male gender

	
−11.97

	
−37.82

	
13.88

	
0.37

	

	

	

	




	
Hypertension

	
−14.20

	
−43.89

	
15.49

	
0.35

	

	

	

	




	
Coronary artery disease

	
−0.17

	
−59.39

	
59.06

	
>0.99

	

	

	

	




	
Statin pretreatment

	
13.1

	
−14.98

	
41.18

	
0.36

	

	

	

	




	
Baseline LDL-C, mg/dL

	
−0.58

	
−0.9

	
−0.25

	
<0.001

	
−0.5

	
−0.82

	
−0.18

	
0.003




	
Type 2 Diabetes mellitus (n = 33)




	

	
Univariate

	
Multivariate




	

	
Coefficient

	

	
p Value

	

	

	




	
Age, 1 year

	
−0.16

	
−0.76

	
0.44

	
0.61

	

	

	

	




	
Male gender

	
−6.92

	
−23.6

	
9.76

	
0.42

	

	

	

	




	
Hypertension

	
−1.07

	
−20.51

	
18.36

	
0.91

	
Univariate linear regression models did not reveal any significant factor




	
Coronary artery disease

	
−1.29

	
−18.14

	
15.57

	
0.88




	
Statin pretreatment

	
−10.37

	
−26.83

	
6.09

	
0.23

	

	

	

	




	
Baseline LDL-C, mg/dL

	
−0.39

	
−0.59

	
−0.18

	
<0.001

	

	

	

	








CI, confidence interval; LDL-C, low-density lipoprotein cholesterol.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
LDL-C HDL-C TG
200 100
P <0.001 %% 300 - * + Non-T2DM
_. 80+
j 150 -
3 L, = +
=) o 60- T B ns T2DM
E el | ||| Fae
= 1001 P < 0.001 o =
Q Q 40- 1 5
= sl ns (O] ns
S s0 g * 100+
20 -
0 1 . I I . 1 1 . 1
Baseline 52 weeks Baseline 52 weeks Baseline 52 weeks
Overall (n =112) P value Non-T2DM (n = 79) P value T2DM (n = 33) P value
Baseline Follow-up Baseline Follow-up Baseline Follow-up
LDL-C, mg/dL 150 [128, 165] 125[102, 148] <0.001 151 [130, 165) 132 [104, 154] < 0.001 147 [124,164] 106 [90, 129] ** < 0.001
HDL-C, mg/dL 49+ 14 50 + 14 0.64 50+ 15 51+15 0.37 47 £ 12 47 + 13 0.67
TG, mg/dL 162 [113,231] 155[107,199] 0.095 156 [105, 213] 149 [105, 191] 0.21 184 [140,280] 165[116, 239] 0.32






nav.xhtml


  jcm-09-01675


  
    		
      jcm-09-01675
    


  




  





media/file2.png
Inclusion 266 ezetimibe naive patients who were started on ezetimibe

between August 2007 and December 2012

-

Exclusion 154 patients were excluded

52 Switching from statin or fenofibrate

102 Discontinuance of ezetimibe or
missing follow-up within 52 weeks

Eligible for analysis
112 patients were eligible for analysis






media/file5.jpg
P=0.003

33

o
O "

el

N=70

o

100+
100+

(%) 0-1@7 u1 8bueyd v,





media/file3.jpg
LoLc HOL-C 16

wf PR
e - ) ;
@ - . - rou
Lo o001 H g t
3 Jw - e
i H i =
n
. . .
S st e e
S e
o T T e e e
Wocmga e it e e awe awen e

Tomplh _162(113,201) 18S{107.199) 0095 156106, 219 101105, 101) _ 021 i8a(id0.200) _1681118.258






media/file1.jpg
Inclusion 266 ezetimibe naive patients who were started on ezetimibe

between August 2007 and December 2012

Exclusion 154 patients were excluded
52_ Switching from statin or fenofibrate

102 Discontinuance of ezetimibe or
missing folow-up within 52 weeks

Eligible for analysis
112 patients were eligible for analysis






media/file7.jpg
5

% Change in LDL (%)
)

H






media/file0.png





media/file8.png
% Change in LDL (%)

(a) Overall

100+

?

Slope = -0.99, Intercept = 49.43, P = 0.003

T
20

T
40

T
60

T
80

100

(b) Non-type 2 diabetes mellius

100

50—

=]

-50-

=100

Slope =-1.22, Intercept = 56.8, P = 0.006

20

40 60

Age (year-old)

80

100

(c) Type 2 diabetes mellitus

Slope = -0186, Intercept =-12.86, P = 0.61

20

40

60

80

100





media/file6.png
P=0.003

i
;l':"_s-
33

mvﬂ o,__“m- e |l — Qo

3
®
N =70

I

D
O

-100-

(%) 2-1@7 u1 abueyo o,





