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Abstract
Objectives
Eicosapentaenoic acid in its ethyl ester form is the single active component of icosapent ethyl (IPE). This study was a phase III, multi-center trial assessing the safety and efficiency of IPE for treating very high triglyceride (TG) in a Chinese cohort.

Methods
Patients having TG levels (5.6–22.6 mmol/L) were enrolled and randomly assigned to receive a treatment of oral intake of 4 g or 2 g/day of IPE, or placebo. Before and after 12 weeks of treatment, TG levels were assessed and the median was calculated to determine the change between the baseline and week 12. In addition to examining TG levels, the impact of such treatments on other lipid changes was also investigated. The official Drug Clinical Trial Information Management Platform has registered this study (CTR20170362).

Results
Random assignments were performed on 373 patients (mean age 48.9 years; 75.1% male). IPE (4 g/day) lowered TG levels by an average of 28.4% from baseline and by an average of 19.9% after correction for placebo (95% CI: 29.8%-10.0%, P < 0.001). In addition, plasma concentration of non-high-density lipoprotein cholesterol (non-HDL-C), very low-density lipoprotein (VLDL) cholesterol, and VLDL-TG remarkedly reduced after IPE (4 g/day) treatment by a median of 14.6%, 27.9%, and 25.2%, respectively compared with participants in placebo group. Compared to the placebo, neither 4 nor 2 g of IPE daily elevated LDL-C levels with statistical significance. IPE was well tolerated by all the treatment groups.

Conclusions
IPE at 4 g/day dramatically lowered other atherogenic lipids without a noticeable increase in LDL-C, thereby decreasing TG levels in an exceptionally high-TG Chinese population.
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Introduction
Atherosclerotic cardiovascular disease, also referred to as ASCVD, was responsible for almost 2.4 million fatalities in China in 2016, making it the primary cause of death globally [1]. One of the most significant risk factors is dyslipidemia [2, 3]. Medical literature has firmly established the correlation between ASCVD and low-density lipoprotein cholesterol (LDL-C) [4]. Large amounts of documents provided rigid proof that the LDL-C lowering effects of statins may decrease ASCVD occurrence over the last 30 years [5]. Even though statins and other treatments (e.g., cholesterol absorption inhibitors and PCSK9 inhibitors) decrease LDL-C, significant ASCVD residual risks continue [6–9]. An elevated risk has been reported to be associated with substances contained in triglyceride-rich lipoproteins (TGRLs), such as triglycerides (TGs) and/or cholesterol [10–13]. Although TG is recognized as a measure of cardiovascular risk, whether lowering TG levels improves cardiovascular outcomes has not been demonstrated [14–17]. Furthermore, hypertriglyceridemia (HTG, ≥ 5.6 mmol/L) is an independent predictor of acute pancreatitis. Controlling severe hypertriglyceridemia may prevent inflammation [18]. Globally, the prevalence of HTG ranges from 15 to 20% [19], with China having a frequency of 13.8% [20]. As a result, it seems that there is an unmet demand for HTG management.
Consuming higher amounts of omega-3 fatty acids, such as eicosapentaenoic acid (EPA) or docosahexaenoic acid (DHA), has been demonstrated to decrease the levels of total cholesterol [21]. These fatty acids may be found in oily fish [21]. Previous report announced that LDL-C levels may considerably increase in some patients with HTG, particularly those with extremely high TG levels, despite the fact that certain studies have shown that EPA or DHA has TG-lowering effects [22]. Recent ASCVD outcome studies have failed to demonstrate a cardiovascular (CV) advantage of omega-3 fatty acid combinations including both EPA and DHA [14, 23, 24]. On the other hand, it has been shown that purified EPA therapies are beneficial from a therapeutic perspective. The MARINE (Multi-center, plAcebo-controlled, Randomized, double-blINd, 12-week study with an open-label Extension) research was a trial using icosapent ethyl (Vascepa®) (IPE), a medicine that includes only EPA and no DHA, for TG-lowering [25]. This study also included an open-label extension for participants who completed the initial phase. According to its data, IPE was effective in lowering total TG levels free from an elevation in plasma concentration of LDL-C. Taking 4 g of IPE daily lowered the relative risk of initial ischemic events by 25% and diminished the relative risk of total events by 30% in statin-treated patients with persistently increased TG levels, according to the global reduction of cardiovascular events with IPE-intervention research (REDUCE-IT) [26, 27].
However, there is a scarcity of multi-center evidence on the consequences of IPE launched in a Chinese population-based cohort study. This study was aimed at assessing the safety and effectiveness of treating Chinese patients who have extremely high triglyceride levels (5.6 to 22.6 mmol/L).

Materials and methods
Study design and participants
Forty-nine Chinese institutions participated in this phase III clinical investigation. This research was carried out at many sites utilizing a randomized, placebo-controlled, double-blind trial design. The research followed the rules and guidelines set out by local and/or national independent ethics committees, as well as the principles outlined in the Helsinki Declaration. Institutional review boards authorized the protocol, consent forms, and other pertinent documentation. Before the trial began, all the patients signed informed consent forms. CTR20170362 was the registration number for this study.
Eligible participants were men and women over the age of 18 whose TG levels fell between 5.6–22.6 mmol/L (with a stable diet and physical activity). If statin medication (with or without ezetimibe) was used, the dosage must have been stable for at least four weeks before the TG qualifying visit (visit 3 [week 2]).
Participants were required to safely stop taking any medications before the screening visit and throughout the course of the study, including niacin doses greater than 200 mg daily, fish oil or other foods rich in omega-3 fatty acids, fibrates, and any herbal or food additives that may regulate lipid levels.

Randomization
By using computerized data collection and minimum dynamic randomization, patients were segregated into three groups, with an equal distribution of patients in each group, resulting in a 1:1:1 ratio. According to the baseline plasma TG levels (less than or more than 8.5 mmol/L), gender, and whether or not they had previously taken a statin (yes or no), patients were allocated to one of the groups randomly.

Procedures
The framework of the study design was provided (Fig. 1). This clinical study consisted of a screening phase that lasted between 6 and 8 weeks, followed by a treatment phase that lasted 12 weeks and was double-blinded, random, and placebo-controlled. Patients who had a consistent diet, way of life, and medication regimen underwent a washout period after their first appointment.[image: ]
Fig. 1Study design. Abbreviation: IPE = icosapent ethyl


For patients who had not received any other lipid-altering treatment and had been on a stable dosage of statin therapy for more than four weeks (with or without ezetimibe), this screening and stabilization phase lasted six weeks. For patients who stopped receiving other TG-altering treatments, it persisted for eight weeks (as mentioned above).
In order to ensure that the patients adhered to the lifestyle recommendations, visit 2 included a telephone interview. If patients' average overnight TG levels at visits 3 and 4 (separated by one week) were in the range of 5.6–22.6 mmol/L, they were eligible to participate in the following 12-week double-blind session. Patients were offered an optional TG measurement at visit 4.1 and an extra stabilization week if average fasting TG levels dropped outside of this range (one week later). According to the average fasting TG levels at visits 4 and 4.1, eligibility was reevaluated.
Those who met the inclusion criteria were monitored for a week before being randomly assigned to receive either 4 g/day of IPE (take two capsules of IPE, each with a dosage of 1 g, twice a day), 2 g/day of IPE (take one capsule of IPE with a dosage of 1 g and one capsule of placebo twice a day), or a placebo capsule (two placebo capsules twice daily) starting at visit 5 (week 0).
Mealtime, oral study medications were taken with or at the end of meals. All study medications (both IPE and placebo capsules) were provided by Amarin Pharmaceuticals Ireland Limited, which is based in Dublin, Ireland. Light liquid paraffin was used to fill each placebo capsule.

Study outcomes
The median percentage difference in TG levels from the start to the end of the trial, after accounting for the placebo, was the major outcome measure (week 12). The TG baseline was determined using the mean TG value from visit 5 (week 0) as well as the value from the visit before that (one week earlier, visit 4 or visit 4.1). The mean values of TG at visits 8 (week 11) and 9 (visit 9) were used to compute the TG levels after the trial (week 12). The secondary objectives comprised median percentage changes in VLDL-C from baseline (visit 5, week 0) to the trial conclusion (visit 9, week 12). These adjustments were made to account for the placebo effects. The exploratory endpoints are low-density lipoprotein cholesterol (LDL-C), non-high-density lipoprotein cholesterol (non-HDL-C), and very low-density lipoprotein cholesterol (VLDL-TG).

Safety assessments
Evaluations of safety were performed using information gathered from clinical laboratory tests, abdominal ultrasonography, vital signs, electrocardiograms, and physical examinations, as well as from reports of adverse events (AEs). AEs that appeared for the first time or were worse during the double-blind phase were known as treatment-emergent adverse events (TEAE).

Statistical analysis
The primary objective was to determine the placebo-adjusted median percentage difference in fasting TG levels between weeks 0 and 12 of treatment. According to data from the MARINE trial, the difference in effectiveness between IPE 4 g/day and placebo was estimated to be 30% (51% standard deviation). With 100 patients in each group, IPE 4 g/day, and placebo, there would be 98.5% statistical test power at a two-sided significance level of 0.05 (based on the PASS 12.0 software). It was anticipated that there was a difference of 25.4% (with a standard deviation of 51%) between IPE 2 g/day and placebo (data from the MARINE study). If 100 patients were assigned to the IPE 2 g/day group, and 100 patients to the placebo group, the statistical test would have a power of 94% at a significance level of 0.05 for two-sided analysis (based on PASS 12.0 software). A total of 360 patients were intended for randomization, with 120 in each group, taking into account a 20% dropout rate from randomization until study completion.
The statistical evaluation was produced with SAS 9.4. For the main effectiveness analysis, the modified intent-to-treat (mITT) data set, per protocol set (PPS) data, and Safety Set (SS) data were used. A covariance model (ANCOVA) was used for the effectiveness analysis, with the treatment group, gender, and baseline statin usage as variables and baseline TG value as a covariate. If a normal distribution or homogeneity of variances could not be met, nonparametric intergroup comparisons were made using Wilcoxon rank-sum tests with the interquartile and median ranges for each group. Additionally, Hodges-Lehmann two-sided 95% and 99% CIs for the predicted median and treatment differences for each comparison across groups were supplied. In all two-sided statistical tests, the threshold for statistical significance was established at P less than 0.05 (unless otherwise stated).


Results
Patients
A total of 1097 patients gave their informed permission between December 2017 and April 2020. A total of 723 people failed the screening phase, while 374 patients finished it and underwent randomization. This 12-week experiment was successfully completed by 110 out of 125 patients (88.0%) in the group receiving 4 g IPE once a day, 115 out of 124 patients (92.7%) in the group receiving 2 g/day, and 113 out of 124 patients (91.1%) in the placebo group (Fig. 2). The list of patients' general demographic features (Table 1). The average age of patients was 48.9 years old. The mean body mass index was 26.6 kg/m2. The population was made up of 92.8% people of the Chinese Han ethnicity and 75.1% of men. 10.5% of the randomized mITT patients were taking statins, 20.6% had diabetes, and 48.3% had high blood pressure. 54.2% of the baseline TG levels were more than 8.5 mmol/L, with a median baseline TG level of 9.370 mmol/L. The median LDL-C level at baseline was 1.360 mmol/L. At baseline, patient characteristics were similar among the three therapy groups.[image: ]
Fig. 2Patient disposition. Abbreviations: IPE = icosapent ethyl; TG = triglyceride; COVID-19 = coronavirus disease 2019

Table 1Baseline characteristics


	Characteristics
	IPE 4 g/day (n = 125)
	IPE 2 g/day (n = 124)
	Placebo (n = 124)
	Total (n = 373)

	Age, mean ± SD (years)
	48.5 ± 10.58
	48.8 ± 10.44
	49.3 ± 10.13
	48.9 ± 10.36

	Age ≤ 65 years, n (%)
	118 (94.4%)
	113 (91.1%)
	116 (93.5%)
	347 (93.0%)

	Men, n (%)
	93 (74.4%)
	93 (75.0%)
	94 (75.8%)
	280 (75.1%)

	Nationality, China (%)
	125 (100.0%)
	123 (99.2%)
	124 (100.0%)
	372 (99.7%)

	Han ethnicity, n (%)
	114 (91.2%)
	116 (93.5%)
	116 (93.5%)
	346 (92.8%)

	Height, mean ± SD (cm)
	169.0 ± 7.76
	169.1 ± 7.49
	169.8 ± 7.26
	169.3 ± 7.49

	Weight, mean ± SD (kg)
	76.5 ± 11.66
	75.3 ± 11.91
	78.4 ± 13.49
	76.7 ± 12.41

	Body mass index, mean ± SD (kg/m2)
	26.7 ± 2.75
	26.2 ± 3.03
	27.1 ± 3.30
	26.6 ± 3.05

	Body mass index < 25, n (%)
	33 (26.4%)
	47 (37.9%)
	33 (26.6%)
	113 (30.3%)

	Statin use
	13 (10.4%)
	13 (10.5%)
	13 (10.5%)
	39 (10.5%)

	Baseline median TG (mmol/L)
	9.470
	9.215
	9.270
	9.370

	Baseline TG > 8.5 mmol/L
	67 (53.6%)
	68 (54.8%)
	67 (54.0%)
	202 (54.2%)

	Baseline median LDL-C (mmol/L)
	1.420
	1.290
	1.360
	1.360

	Diabetes mellitus
	23 (18.4%)
	28 (22.6%)
	26 (21.0%)
	77 (20.6%)

	Hypertension
	56 (44.8%)
	64 (51.6%)
	60 (48.4%)
	180 (48.3%)


All data were collected from the randomized population
Abbreviations: TG triglyceride, LDL-C low-density lipoprotein-cholesterol, SD standard deviation




Efficacy endpoints
The findings obtained for the main effectiveness objectives were shown in Fig. 3 and Table 2. According to the analyses from the mITT trial population, blood TG levels were reduced by 28.4%, 12.0%, and 6.2% in the groups that received placebo, IPE 2 g/day, and IPE 4 g/day, respectively, compared to baseline values. It was shown that IPE at a dose of 4 g per day reduced total cholesterol levels by 19.9% relative to baseline (95% confidence interval [CI]: 29.8% to 10.0%, P < 0.001). However, IPE at a dosage of 2 g per day led a TG level decrease by only 5.0% (95% CI: 16.2% to 6.2%, P = 0.361). There was a trend toward decreased TG levels from baseline, but no differences with statistical significance was observed between the IPE 2 g/day and placebo groups. The findings from the PPS and the mITT population were comparable. The primary endpoint of the mITT population was analyzed in subgroups (Table 2). The findings of the subgroup analysis (based on stratification variables of baseline TG levels, gender, and statin usage) were identical to those of the whole research, with IPE 4 g/day considerably lowering TG levels in comparison to placebo. Figure 3 and Table 3 show the secondary and exploratory effectiveness endpoints respectively. Other TG-related lipid markers were considerably reduced by 4 g of IPE per day, including non-HDL-C by 14.6%, VLDL-C by 27.9%, and distribution or homogeneity by 25%. Neither IPE 4 g/day nor 2 g/day elevated LDL-C levels considerably compared to placebo (Table 3).[image: ]
Fig. 3Changes in the median levels of lipids from the beginning of the study to the end of it in the modified intent-to-treat groups. Changes in lipid levels, after correcting for placebo, were shown in individuals with hypertriglyceridemia who took either IPE (4 g/day) or IPE (2 g/day) during the course of the study. ***P < 0.001. NS indicates that the difference between the groups is not statistically significant

Table 2Primary endpoint: alteration in triglyceride (TG) levels from baseline to week 12 (modified intent-to-treat population)


	Characteristics
	IPE 4 g/day (n = 125)
	IPE 2 g/day (n = 124)
	Placebo (n = 124)
	Placebo-corrected median TG Change from baseline

	 	Baseline TG (mmol/L)
	End-of-treatment TG (mmol/L)
	Change from baseline (%)
	Baseline TG (mmol/L)
	End-of-treatment TG (mmol/L)
	Change from baseline (%)
	Baseline TG (mmol/L)
	End-of-treatment TG (mmol/L)
	Change from baseline (%)
	IPE 4 g/day vs. placebo (%, P value)
	IPE 2 g/day vs. placebo (%, P value)

	Intent-to-treat population (n = 122, 124, 123)
	9.455 (5.910)
	6.145 (5.370)
	 − 28.35 (56.40)
	9.215 (6.410)
	7.720 (7.055)
	 − 11.95 (63.85)
	9.170 (5.580)
	8.290 (6.070)
	 − 6.20 (67.40)
	 − 19.90, < 0.001
	 − 5.00, 0.361

	Baseline TG ≤ 8.5 mmol/L (n = 58, 56, 57)
	7.145 (3.380)
	5.320 (2.170)
	 − 29.40 (40.90)
	6.900 (3.165)
	6.010 (4.150)
	 − 1.200 (59.45)
	6.860 (3.290)
	6.760 (4.020)
	0.50 (58.00)
	 − 25.95, < 0.001
	 − 5.90, 0.570

	Baseline T  > 8.5 mmol/L (n = 64, 68, 66)
	11.715 (5.870)
	8.700 (6.550)
	 − 27.60 (64.80)
	11.430 (5.725)
	9.625 (6.675)
	 − 17.70 (66.45)
	11.415 (4.610)
	10.505 (7.190)
	 − 17.80 (77.00)
	 − 15.30, 0.030
	 − 4.75, 0.509

	Male (n = 90, 93, 94)
	9.575 (5.710)
	6.340 (5.880)
	 − 27.15 (56.40)
	9.090 (5.470)
	7.240 (7.010)
	 − 8.40 (65.60)
	9.065 (4.980)
	8.780 (5.710)
	 − 5.00 (69.60)
	 − 19.95, 0.002
	 − 4.65, 0.511

	Female (n = 32, 31, 29)
	7.965 (5.635)
	4.820 (4.120)
	 − 34.70 (53.20)
	10.860 (7.260)
	8.300 (6.410)
	 − 13.20 (44.20)
	9.740 (6.510)
	6.970 (6.510)
	 − 13.30 (62.10)
	 − 20.35, 0.034
	 − 7.75, 0.506

	Statin use at baseline (n = 13, 13, 13)
	8.610 (5.480)
	6.460 (4.600)
	 − 13.10 (37.20)
	13.720 (7.240)
	9.360 (8.430)
	 − 9.20 (75.50)
	9.170 (6.250)
	10.390 (4.020)
	 − 17.70 (66.70)
	 − 9.15, 0.739
	 − 8.20, 0.505

	No statin use at baseline (n = 109, 111, 110)
	9.470 (5.740)
	6.120 (5.370)
	 − 29.40 (59.10)
	9.010 (5.690)
	7.220 (7.050)
	 − 12.00 (64.10)
	9.245 (5.080)
	8.075 (6.130)
	 − 5.85 (66.10)
	 − 21.45, < 0.001
	 − 4.60, 0.439


Data are shown as the median (interquartile range) for endpoint values
Abbreviation: TG triglyceride


Table 3Secondary and exploratory efficacy endpoints (modified intent-to-treat population)


	Characteristics
	IPE 4 g/day (n = 125)
	IPE 2 g/day (n = 124)
	Placebo (n = 124)
	Placebo-corrected median change from baseline

	 	Baseline Value
	End-of-treatment Value
	Change from baseline (%)
	Baseline Value
	End-of-treatment Value
	Change from baseline (%)
	Baseline Value
	End-of-treatment Value
	Change from baseline (%)
	IPE 4 g/day vs. placebo (%, P Value)
	IPE 2 g/day vs. placebo (%, P value)

	VLDL-C (mmol/L)
(n = 121, 124, 123)
	2.850 (1.610)
	2.170 (1.560)
	 − 17.20 (62.00)
	2.750 (1.985)
	2.875 (2.345)
	 − 5.50 (77.60)
	3.030 (1.660)
	3.290 (2.290)
	9.60 (65.00)
	 − 27.85, < 0.001
	 − 12.75, 0.059

	LDL-C (mmol/L)
(n = 121, 124, 123)
	1.430 (1.170)
	1.650 (1.360)
	11.80 (88.60)
	1.290 (1.170)
	1.755 (1.625)
	25.20 (93.60)
	1.350 (1.050)
	1.460 (1.150)
	3.80 (71.50)
	4.85, 0.475
	14.80, 0.065

	Non–HDL-C (mmol/L)
(n = 121, 124, 123)
	4.690 (1.440)
	4.260 (1.410)
	 − 6.60 (32.50)
	4.785 (1.900)
	4.900 (2.050)
	5.25 (32.55)
	4.690 (1.490)
	5.020 (1.860)
	8.80 (33.50)
	 − 14.55, < 0.001
	 − 3.45, 0.284

	VLDL-TG (mmol/L)
(n = 121, 123,123)
	6.870 (5.880)
	4.630 (4.510)
	 − 25.50 (63.70)
	6.890 (6.920)
	6.300 (7.380)
	 − 12.00 (84.60)
	6.720 (5.680)
	6.760 (6.920)
	3.20 (83.80)
	 − 25.15, < 0.001
	 − 12.55, 0.114


Data are shown as the median (interquartile range) for endpoint values
Abbreviations: TG triglyceride, non-HDL-C non-high-density lipoprotein cholesterol, VLDL-C very low-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, VLDL-TG very low-density lipoprotein-triglycerides




Safety
In all therapy groups, the occurrence of TEAE was typically modest and comparable. Most TEAEs were modest and were unrelated to study medications. Drug-related TEAEs with a greater incidence (> 2%) included diarrhea (9.7%, 2.4%, and 5.6% in IPE 2 g/day, 4 g/day and placebo, respectively). Serious TEAEs were recorded with a low incidence (2.4%, 3.2%, 2.4% in IPE 2 g/day, 4 g/day and placebo, respectively). There were no drug-related severe TEAEs. Due to TEAEs, three patients in the IPE 4 g/day group (2.4%; one patient each with abnormal hepatic function, urticaria, and severe pancreatitis) and one patient in the placebo group (0.8%; hypersensitive response) terminated the trial. Only two incidences of drug-related TEAEs resulting in the withdrawal of the research (one each in IPE 4 g/day was urticaria and in the placebo group was a hypersensitive response) was detected. Glucose and HbA1c responses were comparable across the IPE and placebo groups. Vital signs, electrocardiography, liver function tests, and serum creatinine phosphokinase levels were not statically significant after different IPE dosing treatments.


Discussion
Triglyceride-rich lipoproteins (TGRLs) are closely associated with the pathogenesis and progression of atherosclerotic cardiovascular disease (ASCVD) via direct arterial wall deposition, endothelial dysfunction, recruitment of monocytes and subsequent foam cell formation, stimulation of inflammatory cytokines, and activation of platelets [28]. The precise mechanism by which HTG causes acute pancreatitis is unknown. This could be due to the catalysis of TG by pancreatic lipase into free fatty acids (FFA), which induces ischemia and injury to pancreatic cells [18]. According to strengrecent research, those with TG levels > 5.6 mmol/L are 1.79 times more likely to have pancreatitis episodes than individuals who have TG levels under 5.6 mmol/L [29]. Acute pancreatitis is a medical emergency that may be avoided by proactive VHTG management, which may improve clinical and economic results [29].
IPE (Vascepa®) is an omega-3 fatty acid medication possessing a highly refined (96%) EPA ethyl ester that is devoid of DHA [25]. It is marketed under the brand name Vascepa. Because of its one-of-a-kind effects on synthesis of VLDL-C, metabolism of TG in hepatic cells, and removal of lipoprotein, in addition to its anti-inflammatory, antiplatelet, and antithrombotic actions [25, 26], it is able to suppress the processes that lead to atherosclerosis. This is the first large-scale, multi-center, phase III study in a Chinese population to examine the TG-lowering effects of IPE in patients having extremely high TG concentrations. The goal of this research was to determine whether or not IPE lowered TG levels.
For the main effectiveness objective, IPE at 4 g per day lowered TG levels by 28.4% from baseline and substantially decreased TG levels by 19.9% when adjusted for a placebo. Difference in terms of TG level changes between IPE 2 g/day and placebo didn’t reach the significance level, but there was a numerical decrease in TG levels (median 12.0%) from baseline. At 4 g/day, IPE substantially lowered VLDL-C levels by a median of 27.9% when adjusted for placebo and also decreased other TG-related lipid profiles (non-HDL-C and VLDL-TG). At 2 g per day, IPE also exhibited reducing effects, but this was not statistically significant ones. These findings showed that IPE has a dose-dependent impact, with a maximum benefit of 4 g per day.
Moreover, compared to placebo, IPE did not substantially elevate LDL-C levels in this investigation, as is often reported with mixed omega-3 fatty acid agents (including both EPA and DHA) in comparable patient populations [30, 31].
While the magnitude of the median placebo-adjusted TG reduction in the current study appears to be slightly lower than that in the MARINE study (-5.0% and -19.9% at 2 g/day, and -19.9% and -33.1% at 4 g/day, respectively), the within-group percent differences from baseline to 12-week endpoint in each IPE group are very similar to the changes in the MARINE study (12.0% vs 19.9% in 2 g/day, and 28.4% vs 33.1% in 4 g/day, respectively). The following are possible explanations for the apparent disparities between these two investigations. To begin, the baseline TG level differed between the two trials. According to the findings of this research, the TG level at baseline was higher than what was seen in the MARINE study (median 9.37 mmol/L vs 7.67 mmol/L, and the proportion of TG > 8.5 mmol/L is 54.2% vs 39.3%, respectively). The greater the TG level, the more difficult it is to lower it. Second, in this trial, TG fell by a median of 6.2% from baseline in the placebo group, but increased by a median of 9.7% in the MARINE placebo group. This might be attributed to improved nutrition management in the Chinese research population. As a result, in the analysis, the placebo-corrected decrease seemed to have been limited. IPE at 4 g/day demonstrated comparable TG-lowering effects in subgroup analyses with varying baseline TG levels, sex, and statin usage to those of the whole mITT sample. As a result, IPE effects were predictable across patient subgroups.
The MARINE study showed that treatment with 4 g or 2 g /day of IPE for 12 weeks statistically significantly increased EPA concentration (in both plasma and red blood cells) in a dose-dependent manner compared to placebo. A linear relationship between EPA levels (in plasma and red blood cells) and TG reduction was observed. Patients in the IPE 4 g/day group had a larger mean percent increase in EPA concentration (in plasma and in red blood cells) and a larger median percent decrease in TG from baseline than patients in the IPE 2 g/day group and the placebo group. Mean levels of plasma and red blood cell fatty acid parameters EPA and DPAn-3 (a metabolite of EPA) also increased in a dose-dependent manner.
The results of China phase I study and the population pharmacokinetic (PopPK) analysis of IPE phase I studies in China and the United States showed that within the dose range of 2 g/day to 4 g/day, the baseline-corrected plasma total EPA, red blood cell total EPA and plasma unesterified EPA concentration showed dose proportional property. The dose effect of IPE 2 g/day and 4 g/day was linear. There was no significant difference in the plasma EPA exposure level between Chinese and Americans. It indicates that PD/PK study of IPE has consistency, and the TG lowering effect in different ethnic populations are consistent, and there is no significant racial difference.
IPE has been commercially used around the world for many years. Piles of clinical data and experience has been accumulated. Based on the results of phase I studies in China and abroad, it showed the linear correlation between IPE, EPA and TG. The phase III results are consistent with PD/PK studies, which predict that there should be a linear relationship between EPA levels (in plasma and red blood cells) and TG reduction after IPE treatment in the Chinese population. And the main purpose of the phase III study in China is to evaluate the effectiveness and safety of reducing TG after 12 weeks of IPE treatment in the Chinese population. At the same time, TG is a routine clinical detection item in China, and patients generally do not detect EPA in Chinese clinical practice. Therefore, this study set the primary endpoint as TG and did not measure EPA. EPA levels were also examined in the REDUCE-IT study, and higher EPA levels were found to confer cardiovascular benefits. The time of this study was short, and the study endpoints did not involve long-term follow-up and reduction of cardiovascular events, which is one of the reasons why this study did not design to detect EPA.
Since this study lacking in the detection of EPA level, larger sample studies will continue to carry out in the Chinese population based on the above research data, and further explore the relationship between EPA levels and TG-lowering efficacy and cardiovascular risk reduction. Unfortunately, this study currently unable to additionally detect the level of EPA because of the original study design and locked database.The acceptability and safety profile results of IPE were consistent with those of prior research [25–27, 32, 33]. IPE was generally well tolerated in all investigations, including Chinese individuals, with a TEAE incidence and severity rate comparable to those of placebo.
Apart from these, other polyunsaturated fatty acids have also been shown to process lipid-modifying effects, such as linolenic acid and dihomo-γ-linolenic acid (DGLA). It is well established LA consumption leads to lower cholesterol level [34]. A recent analysis pooled results from a series of prospective cohort studies showed that higher LA intake was associated with a modestly lower risk of mortality from all causes, such as cardiovascular disease and cancer [35]. Observational data reveals that low circulating DGLA level is associated with total mortality in patients with acute cardiovascular disease and acute decompensated heart failure [36], diabetic retinopathy [37]; while A high serum DGLA level was associated with obesity, body fat accumulation, a high ALT level, and insulin resistance in patients with type 2 diabetes [38]. However, the TG-lowering effect of other fatty acids is still in the exploratory stage. According to clinical guidelines and clinical evidence, omega-3 polyunsaturated fatty acids (IPE) is more recommended for lipid lowering. In the future, more basic or large-scale research data may be needed to explore the effects of other fatty acids in reducing TG and reducing cardiovascular risk, as well as their differences in efficacy. In this study, IPE was used, which is a kind of pure EPA preparation, and the effect of other fatty acids on TG could not be assessed.
Comparisons with other studies and what does the current work add to the existing knowledge
According to previously published analyses in a non-Chinese population, the MARINE study demonstrated that 4 g/day IPE reduced within-group TG concentrations by 26.6% in patients with extremely high TG levels (5.6—22.6 mmol/L) without significant increases in LDL-C levels compared to placebo. Our results were consistent with the findings of MARINE study [25].
Regarding the clinical advantages on cardio-cerebrovascular disease, it was determined that a daily dosage of 4 g of IPE reduced the risk of nonfatal myocardial infarction, cardiovascular mortality, coronary angioplasty, nonfatal stroke, or unstable angina by 25% [27], and the risk of total events by 30% [26] in patients whose LDL-C levels were under control but whose TG levels were elevated. These were the findings of the REDUCE-IT study [26, 27]. After the publication of the REDUCE-IT report, a number of worldwide treatment recommendations [39–41] began recommending IPE as an additional therapy option. The authors believe that the REDUCE-IT study's findings might be used to further support the therapeutic benefits of cardiovascular risk reduction in Chinese patients, because the findings from the Phase III trial in China that were published in this article are comparable to the findings of the MARINE research. MARINE was conducted in the same country as that in this study. Additional clinical studies on appropriate patient populations are also necessary.

Strengths and limitations
This work included comprehensive analyses of data in Chinese patients, which allowed for a more targeted evaluation of IPE's effectiveness and safety in this population. These data indicated that IPE was effective for the treatment of very high triglyceride condition in Chinese patients, and that it was well-tolerated. Furthermore, the study was able to identify an effective dosage for Chinese individuals, which may be different from the dosage used in other Asian populations. However, this study did not measure EPA levels or its metabolites. This is a limitation of the current work, which requires future work to explore the relationship between EPA levels and TG-lowering efficacy and cardiovascular risk reduction. The time of this study was short, and the study endpoints did not involve long-term follow-up and reduction of cardiovascular events, which is another limitation of this work. In addition, this study did not set up a comparison with other fatty acids, so there is still a lack of difference in the efficacy of EPA in reducing plasma TG level compared with other fatty acids. The cardiovascular benefits of EPA or other fatty acids may need to be further consolidated in a new randomized controlled study. In the future, more evidence is needed to further explore and compare the mechanism and efficacy of various fatty acids.


Conclusion
In the Chinese population, IPE at 4 g/day could efficiently and safely diminish serum TG by 19.9% when compared to placebo, 28.4% when compared to baseline, and also reduce other critical TG-related lipids in individuals with extremely high TG levels (5.6–22.3 mmol/L) without significantly increasing LDL-C. Both doses of IPE were well tolerated, but the optimal benefit was obtained from the 4 g/day dose, which also had a tolerability that was equivalent to that of a placebo. The current findings validated the effectiveness and safety of IPE in a Chinese patient group, consistent with the findings of the MARINE trial in the Western community.
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