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Introduction
[bookmark: OLE_LINK732][bookmark: OLE_LINK733][bookmark: OLE_LINK734][bookmark: OLE_LINK552][bookmark: OLE_LINK551][bookmark: OLE_LINK1207][bookmark: OLE_LINK1208][bookmark: OLE_LINK2906][bookmark: OLE_LINK2907]In the present century, type 2 diabetes mellitus is recognized as a major public health problem all over the world [1], and its prevalence has reached the epidemic proportions worldwide [2]. International Diabetes Federation (IDF) has predicted that the number of people with diabetes will increase from 240 million in 2007 to 380 million for the year 2025 [3].
[bookmark: OLE_LINK788][bookmark: OLE_LINK787][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK134][bookmark: OLE_LINK135]One of the most costly diseases to manage is diabetes [4]. This disease and its chronic complications impose a substantial economic burden on individuals, families, society, and the healthcare system of the country and make it as a public health challenge [5]. It is anticipated that in the year 2025, the healthcare expenditures of diabetes will be between 7% and 13% of the healthcare budget of worldwide [3].
[bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK223][bookmark: OLE_LINK224][bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK422][bookmark: OLE_LINK423][bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK424][bookmark: OLE_LINK425][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK723][bookmark: OLE_LINK724][bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK322][bookmark: OLE_LINK325]Apolipoproteins are the principal components of lipoprotein particles, and each class of lipoprotein particles is associated with the specific polipoproteins to play an essential role in the stabilization of lipoprotein structure and in the regulation of metabolism. Some of the apolipoproteins are as ligands to tissue receptors and other some act in the activation or inhibition of enzymes involved in metabolic processes in the blood circulation or tissues [6]. Apolipoprotein metabolism is strongly associated with the development of atherosclerosis. So that in clinical studies, the high levels of apolipoprotein B (apo B) and/or low levels of apolipoprotein A-I (apo A-I) have been associated with an increase risk of cardiovascular events. These two apolipoproteins are as important, better and more accurate predictors of the risk of cardiovascular disease (CVD) than total cholesterol (TC) or LDL-c [7], and as markers of lipid lowering therapy [6].
[bookmark: OLE_LINK984][bookmark: OLE_LINK987][bookmark: OLE_LINK41][bookmark: OLE_LINK40]There is only one molecule of apo B in each atherogenic particle. Therefore, apo B displays the total number of potentially atherogenic particles, and is a more important factor which contributes to the development of atherosclerosis, thus the measurement of this protein could be better and more reliable in the prediction of risk [8].
[bookmark: OLE_LINK85][bookmark: OLE_LINK84][bookmark: OLE_LINK662][bookmark: OLE_LINK663][bookmark: OLE_LINK70][bookmark: OLE_LINK69][bookmark: OLE_LINK386][bookmark: OLE_LINK387]The apo B/apo A-I ratio indicates the balance between two atherogenic and antiatherogenic processes i.e. transport of cholesterol to the peripheral tissues along with its subsequent influx inside artery, and reverse transport of cholesterol to the liver [9]. There is sufficient evidence to demonstrates the apo B/apo A-I ratio is a more adequate and powerful indicator than the TC/HDL-c and LDL-c/HDL-c ratios in the prediction of atherosclerotic vascular disease risk [10], so that a linear relationship was found between the apo B/apo A-I ratio and risk for CVD [11].
[bookmark: OLE_LINK120][bookmark: OLE_LINK119][bookmark: OLE_LINK651][bookmark: OLE_LINK660][bookmark: OLE_LINK661][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK499][bookmark: OLE_LINK500][bookmark: OLE_LINK501][bookmark: OLE_LINK1363][bookmark: OLE_LINK1364][bookmark: OLE_LINK909][bookmark: OLE_LINK908]An increased in the hepatic synthesis of lipoproteins containing apo B is one of characteristics associated with obesity, non insulin dependent diabetes mellitus and the metabolic syndrome [12], and the endothelial dysfunction is a main initiating step in the development of atherosclerosis in the patients with type 2 diabetes mellitus [13], thereby, these patients are at increased risk of atherosclerotic vascular disease [14]. Therefore, the interventions aimed in order to decrease the hepatic secretion of lipoproteins containing apo B could be have great clinical importance.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK703][bookmark: OLE_LINK704][bookmark: OLE_LINK3042][bookmark: OLE_LINK3041][bookmark: OLE_LINK174][bookmark: OLE_LINK173]However, there is evidence that indicate dietary fatty acids can influence the plasma levels of apo B-100 [13]. Eicosapentaenoic acid (EPA) is one of ω-3 PUFAs which are present at the great amounts in the fish oil [15]. The findings of several studies have shown that EPA has the antioxidant [16], antiinflammatory [17], antithrombogenic [18], and antiarteriosclerotic [19] properties. The present study provides the first description of the effects of Eicosapentaenoic acid on the serum profile of apolipoprotein (apo) A-I, apo B-100, and apo B-100/apo A-I ratio in the patients with type 2 diabetes mellitus.

[bookmark: OLE_LINK19][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK56][bookmark: OLE_LINK55][bookmark: OLE_LINK507][bookmark: OLE_LINK506]Material and Methods
[bookmark: OLE_LINK2340][bookmark: OLE_LINK2341]1. Patients and Study Design:
1. 1. Patients:
[bookmark: OLE_LINK353][bookmark: OLE_LINK359][bookmark: OLE_LINK1258][bookmark: OLE_LINK1259][bookmark: OLE_LINK2337][bookmark: OLE_LINK2336][bookmark: OLE_LINK1227][bookmark: OLE_LINK1228][bookmark: OLE_LINK3308][bookmark: OLE_LINK3309][bookmark: OLE_LINK1365][bookmark: OLE_LINK1366][bookmark: OLE_LINK1585][bookmark: OLE_LINK1584][bookmark: OLE_LINK2967][bookmark: OLE_LINK2966]The study subjects were 36 patients with type 2 diabetes mellitus who were selected from Iran Diabetes Association (Tehran, Iran). Only patients with a previous clinical diagnosis of type 2 diabetes mellitus according to the criteria for the diagnosis of diabetes as recommended by American Diabetes Association [20] were recruited.
[bookmark: OLE_LINK2298][bookmark: OLE_LINK2299]1.1.1. Inclusion/Exclusion Criteria:
[bookmark: OLE_LINK127][bookmark: OLE_LINK126][bookmark: OLE_LINK2261][bookmark: OLE_LINK2260]Inclusion criteria for the participation in the study were, willingness to collaborate in the study, aged 35-50 years, having a history of at least 1 year of the diagnosis of type 2 diabetes mellitus before the participation in the study based on FBS ≥126 mg/dl or 2hPG ≥200 mg/dl (2-hour plasma glucose), 25≤BMI<30 kg/m2, identified and maintaining of the antidiabetic’s drug (s) dose from 3 months ago.
[bookmark: OLE_LINK129][bookmark: OLE_LINK128]Participants were excluded from the study if they had, unwillingness to continue the cooperation in the study, need to take insulin, change in the dose (s) and type of medication to the treatment of diabetes, change in the levels of physical activity, do not use (noncompliance) supplements (<10%), affected to the acute inflammatory diseases; according to the consultant physician endocrinologist.
[bookmark: OLE_LINK1173][bookmark: OLE_LINK1174][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK1175][bookmark: OLE_LINK1176][bookmark: OLE_LINK3353][bookmark: OLE_LINK3354]1.2. Study Design:
[bookmark: OLE_LINK238][bookmark: OLE_LINK230][bookmark: OLE_LINK229][bookmark: OLE_LINK228][bookmark: OLE_LINK67][bookmark: OLE_LINK2338][bookmark: OLE_LINK2339][bookmark: OLE_LINK2331][bookmark: OLE_LINK2330][bookmark: OLE_LINK3305][bookmark: OLE_LINK3304][bookmark: OLE_LINK3303][bookmark: OLE_LINK3302][bookmark: OLE_LINK3301][bookmark: OLE_LINK3300][bookmark: OLE_LINK3299][bookmark: OLE_LINK3298][bookmark: OLE_LINK2328][bookmark: OLE_LINK2329][bookmark: OLE_LINK2323][bookmark: OLE_LINK2322][bookmark: OLE_LINK3371][bookmark: OLE_LINK3372][bookmark: OLE_LINK3373][bookmark: OLE_LINK2940][bookmark: OLE_LINK2941]The study protocol was designed as a randomized, double-blind, and placebo-controlled clinical trial. At the first, the study protocol was approved by the ethics committee of Tehran University of Medical Sciences, and all participants gave written, informed consent before the participation in the study.
[bookmark: OLE_LINK3356][bookmark: OLE_LINK3355][bookmark: OLE_LINK2554][bookmark: OLE_LINK2553][bookmark: OLE_LINK99][bookmark: OLE_LINK158][bookmark: OLE_LINK123][bookmark: OLE_LINK382][bookmark: OLE_LINK381][bookmark: OLE_LINK508][bookmark: OLE_LINK516][bookmark: OLE_LINK517][bookmark: OLE_LINK953][bookmark: OLE_LINK2742][bookmark: OLE_LINK2743][bookmark: OLE_LINK2744][bookmark: OLE_LINK830][bookmark: OLE_LINK829][bookmark: OLE_LINK2541][bookmark: OLE_LINK2540][bookmark: OLE_LINK2539][bookmark: OLE_LINK2551][bookmark: OLE_LINK2550]The patients were randomly classified into 2 groups to the supplementation with 2 g/day of the softgels of EPA or placebo (supplied as 1-g softgels), the two groups were randomly allocated to the supplement and placebo groups by balanced permuted block on the sex. The softgels containing Eicosapentaenoic acid ethyl ester (75%) [EPA, Mino Pharmaceutical Co. Iran], or edible paraffin were provided by Mino Pharmaceutical Co., Iran. They were strictly advised to maintain their usual diets and nutritional habits, level of physical activity, and not to change their medication dose (s) during the study, as well as were asked to record and report any side effect of taking capsules gave to them.
[bookmark: OLE_LINK2346][bookmark: OLE_LINK2347]Compliance with the supplementation was assessed by counting the number of softgels had used and the number of softgels returned to the study center at the time of specified visits. The patients were followed up by telephone each week.
1.2.1. Nutritional Assessment:
[bookmark: OLE_LINK2460][bookmark: OLE_LINK2459][bookmark: OLE_LINK3358][bookmark: OLE_LINK3357]At the beginning and at the end of the intervention, nutrients intakes were estimated using a 24-hour diet recall questionnaire for 3 days.
1.2.2. Questionnaires, Anthropometric and Biometric Measurements:
[bookmark: OLE_LINK1477][bookmark: OLE_LINK1476][bookmark: OLE_LINK3361][bookmark: OLE_LINK3360][bookmark: OLE_LINK3359][bookmark: OLE_LINK3462][bookmark: OLE_LINK3461][bookmark: OLE_LINK3460][bookmark: OLE_LINK3459][bookmark: OLE_LINK1074][bookmark: OLE_LINK1073][bookmark: OLE_LINK1485][bookmark: OLE_LINK1486]At the start and at the end of the study, each participant was evaluated with the physical examination and a general questionnaire containing questions regarding demographic variables (age, sex), anthropometric data (weight, height, waist and hip circumference, heart rate, and measurements of systolic, diastolic and mean blood pressure (SBP, DBP and MBP), and pulse pressure (PP)), family history of diseases (diabetes, hyperlipidemia and hypertension, cardiovascular, etc), age at the diagnosis of type 2 diabetes, type of the treatment and medication used, and lifestyle habits (including the history of smoking, alcohol consumption). The average of type and duration of all physical activities were measured using the International Physical Activity Questionnaire (IPAQ), at the beginning and at the end of the intervention.
Anthropometric measurements, including weight, height, as well as waist and hip circumference, and blood pressure were measured at the start and at the end of the study. Weight, changes in the level of physical activity, and any disease were recorded at the baseline and during weeks 2, 4, 6, and 8 of the intervention.
[bookmark: OLE_LINK1510][bookmark: OLE_LINK1509][bookmark: OLE_LINK1508][bookmark: OLE_LINK1507][bookmark: OLE_LINK1543][bookmark: OLE_LINK1542]Subjects were weighed without shoes, in light indoor clothes by a Seca scale with an accuracy of ±100 g. Standing height was measured without shoes to the nearest 0.5 cm using a commercial stadiometer. Body mass index (BMI) was calculated as weight/height² (kg/m²). According to the recommendation of International Diabetes Federation, hypertension was defined as blood pressure ≥130/85 mmHg [21].
[bookmark: OLE_LINK3394][bookmark: OLE_LINK3393][bookmark: OLE_LINK3392][bookmark: OLE_LINK3391][bookmark: OLE_LINK3390][bookmark: OLE_LINK1736][bookmark: OLE_LINK1677][bookmark: OLE_LINK1676][bookmark: OLE_LINK466]Each participant gave a blood sample in the early morning after an overnight fast for 10–12 hours and before taking any oral hypoglycemic agent (s) at the beginning and at the end of intervention (8th week). Samples were drawn from the antecubital vein, and were collected into blood tubes containing EDTA or heparin. After at least 30 minutes, plasma and serum were separated by centrifugation at 3000 ×g for 10 minutes at 4 °C. Serum and plasma aliquots of each sample stored at −80 °C, for analysis of biochemical parameters [Serum levels of apo A-I, apo B, apo B/apo A-I ratio, FBS (fasting blood sugar), HbA1c, the serum TC, TG, LDL-c and HDL-c]. The blood samples were collected only for this study.
[bookmark: OLE_LINK812][bookmark: OLE_LINK813][bookmark: OLE_LINK806][bookmark: OLE_LINK809][bookmark: OLE_LINK814][bookmark: OLE_LINK815][bookmark: OLE_LINK807][bookmark: OLE_LINK808]1.2.3. Measurement of the Serum Levels of Apolipoprotein (apo) A-I and apo B:
[bookmark: OLE_LINK358][bookmark: OLE_LINK355][bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK183][bookmark: OLE_LINK186]The serum levels of apolipoprotein A-1 and apo B were measured by immunoturbidimetry (Hitachi autoanalyzer, model 705, Daiichi). Standardization was performed with commercially available material (Boehringer, Mannheim, Germany). Measurement ranges were 104 to 202 (for male) and 108 to 225 mg/L (for female) for apo A-1, as well as 66 to 133 (for male) and 60 to 117 mg/L (for female) for apo B, respectively.
1.2.4. Other Laboratory Analyses:
[bookmark: OLE_LINK2517][bookmark: OLE_LINK2518][bookmark: OLE_LINK2519][bookmark: OLE_LINK2520][bookmark: OLE_LINK2521][bookmark: OLE_LINK2522][bookmark: OLE_LINK141][bookmark: OLE_LINK140]Serum was used for the determination of lipids and glucose. Glucose and HbA1c were measured by enzymatic methods. Serum lipid (serum total cholesterol, HDL-cholesterol, triglyceride and LDL-cholesterol) analyses were performed by spectrophotometric method (Pars azmoon, Iran).
1.2.5. Statistical Analyses:
[bookmark: OLE_LINK57][bookmark: OLE_LINK962][bookmark: OLE_LINK959][bookmark: OLE_LINK956][bookmark: OLE_LINK955][bookmark: OLE_LINK196][bookmark: OLE_LINK2481][bookmark: OLE_LINK2482]The data were analysed using SPSS software (version 16.0 for Windows; SPSS Inc., Chicago, IL, USA), and the results are expressed as mean ± SD. The Independent t-test was used for the comparison of variables between two groups. 24-hour diet recalls analysed using Food processor II software [22], and the comparison of means in different intervals of 24-hour diet recalls was performed using Independent t-test. Values of p < 0.05 were considered statistically significant.

Results
[bookmark: OLE_LINK332][bookmark: _GoBack]1. Patient Characteristics:
[bookmark: OLE_LINK2766][bookmark: OLE_LINK2767][bookmark: OLE_LINK282][bookmark: OLE_LINK281][bookmark: OLE_LINK2768][bookmark: OLE_LINK2769][bookmark: OLE_LINK3408][bookmark: OLE_LINK3407][bookmark: OLE_LINK3406][bookmark: OLE_LINK2810][bookmark: OLE_LINK2809][bookmark: OLE_LINK2816][bookmark: OLE_LINK2815][bookmark: OLE_LINK168]The baseline characteristics of the two groups of patients are shown in Table 1. There were no significant differences in age, sex, duration of diabetes, weight, height, body mass index (BMI), waist circumference, hip circumference, waist/hip ratio, measurements of systolic, diastolic and mean blood pressure (SBP, DBP and MBP), pulse pressure, heart rate and biochemical data between the two groups at the baseline.
[bookmark: OLE_LINK966][bookmark: OLE_LINK967][bookmark: OLE_LINK3412][bookmark: OLE_LINK3413][bookmark: OLE_LINK3414][bookmark: OLE_LINK3415][bookmark: OLE_LINK3416][bookmark: OLE_LINK3417][bookmark: OLE_LINK3418]2. Dietary Intake and Lifestyle:
[bookmark: OLE_LINK371][bookmark: OLE_LINK367][bookmark: OLE_LINK366][bookmark: OLE_LINK365][bookmark: OLE_LINK139][bookmark: OLE_LINK368][bookmark: OLE_LINK2758][bookmark: OLE_LINK2759][bookmark: OLE_LINK182][bookmark: OLE_LINK181]There were no significant differences in total energy intake, macronutrient intake, and body weight between the two groups of patients at the baseline (Table 1), and no significant changes observed during the intervention (data not shown). Medication dose (s), and the levels of physical activity from both groups had no significant difference at the baseline, and remained constant during the intervention period (data not shown).
[bookmark: OLE_LINK2781][bookmark: OLE_LINK2780]3. Compliance and Side Effect:
All patients were fulfilled the intervention program, and were well tolerated intervention with study capsules for 8 weeks. Also, they were reported no side effects throughout the study.
[bookmark: OLE_LINK633][bookmark: OLE_LINK634]4. The Serum Levels of Apolipoprotein (apo) A-I and apo B-100 and apo B-100/apo A-I Ratio:
[bookmark: OLE_LINK604][bookmark: OLE_LINK608][bookmark: OLE_LINK91][bookmark: OLE_LINK667][bookmark: OLE_LINK666][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK90][bookmark: OLE_LINK1144][bookmark: OLE_LINK1145][bookmark: OLE_LINK1146][bookmark: OLE_LINK1147][bookmark: OLE_LINK596][bookmark: OLE_LINK597][bookmark: OLE_LINK170][bookmark: OLE_LINK169][bookmark: OLE_LINK105][bookmark: OLE_LINK313][bookmark: OLE_LINK328][bookmark: OLE_LINK113][bookmark: OLE_LINK112][bookmark: OLE_LINK109][bookmark: OLE_LINK108]There were no significant differences in the serum levels of apo A-I between the two groups of patients at the baseline (Table 2), whereas as shown in Table 2, the serum levels of apo A-I increased significantly (p < 0.001) in the EPA receiving patients compared with the placebo receiving patients.
[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK118][bookmark: OLE_LINK107][bookmark: OLE_LINK106][bookmark: OLE_LINK598][bookmark: OLE_LINK603][bookmark: OLE_LINK619]As shown in Table 2, no statistically significant differences were observed between the two groups of patients at the baseline with regard to the serum levels of apo B-100, whereas the serum levels of apo B-100 in the EPA receiving patients compared with the placebo receiving patients decreased significantly (p < 0. 0.001)
[bookmark: OLE_LINK81][bookmark: OLE_LINK620][bookmark: OLE_LINK621][bookmark: OLE_LINK98][bookmark: OLE_LINK330]There were no significant differences in the serum ratio of apo B-100/apo A-I between the two groups of patients at the baseline (Table 2), whereas as shown in Table 2, the serum ratio of apo B-100/apo A-I decreased significantly (p < 0.005) in the EPA receiving patients compared with the placebo receiving patients.
5. The Serum Levels of Lipids:
[bookmark: OLE_LINK1151][bookmark: OLE_LINK1150][bookmark: OLE_LINK312][bookmark: OLE_LINK311][bookmark: OLE_LINK303][bookmark: OLE_LINK304]The serum total cholesterol was 226.27 ± 38.73 mmol/L after receiving placebo and 207.16 ± 39.69 mmol/L after the supplementation with EPA. The serum LDL-cholesterol was 95.73 ± 29.86 mmol/L after receiving placebo and 81.4 ± 32.63 mmol/L after the supplementation with EPA. The serum HDL-cholesterol was 31.38 ± 4.76 mmol/L after receiving placebo and 37.11 ± 5.97 mmol/L after the supplementation with EPA. The serum triglycerides was 162.8 ± 158.81 mmol/L after receiving placebo and 176.48 ± 133.75 mmol/L after the supplementation with EPA (Table 3).

Discussion:
[bookmark: OLE_LINK348][bookmark: OLE_LINK349]1. Apolipoprotein B, Apolipoprotein A-I and apo B/apo A-I Ratio in the diabetes mellitus:
[bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK646][bookmark: OLE_LINK650][bookmark: OLE_LINK320][bookmark: OLE_LINK321][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK477][bookmark: OLE_LINK478]It is important to point out that several studies have shown that apo B and non-HDL-c are as better and more reliable predictors of CVD than LDL-c in the diabetic patients [8, 23]. Also, the apo A-I is previously reported as a new marker predicting risk in the diabetes mellitus to be independent of the apo B categories and apo E genotype [24]. Furthermore, the more accurate and close relationship apo B/apo A-I ratio with carotid intima-media thickness (IMT) than the LDL-c/HDL-c ratio has been demonstrated in the patient with diabetes and non-diabetic individuals [25].
[bookmark: OLE_LINK309][bookmark: OLE_LINK310][bookmark: OLE_LINK565][bookmark: OLE_LINK562][bookmark: OLE_LINK301][bookmark: OLE_LINK300][bookmark: OLE_LINK299][bookmark: OLE_LINK635][bookmark: OLE_LINK636][bookmark: OLE_LINK645][bookmark: OLE_LINK664][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]2. Functions and Molecular Mechanisms of Action of EPA:
[bookmark: OLE_LINK305][bookmark: OLE_LINK306][bookmark: OLE_LINK285][bookmark: OLE_LINK1200][bookmark: OLE_LINK1195][bookmark: OLE_LINK1194][bookmark: OLE_LINK1196][bookmark: OLE_LINK1187][bookmark: OLE_LINK1154][bookmark: OLE_LINK1153][bookmark: OLE_LINK1190][bookmark: OLE_LINK1161][bookmark: OLE_LINK1160][bookmark: OLE_LINK1159][bookmark: OLE_LINK509][bookmark: OLE_LINK510][bookmark: OLE_LINK1165][bookmark: OLE_LINK1164]Several studies have shown that EPA has various effects, including preventing of the insulin resistance [26], increasing the insulin secretion [27], enhancing the size of LDL-c particle [28], reducing the serum levels of TG, lowering the blood viscosity, increasing the production of nitric oxide (NO), having the antiinflammatory and antithrombotic properties [29-31], and decreasing the blood pressure [32].
[bookmark: OLE_LINK273][bookmark: OLE_LINK1233][bookmark: OLE_LINK1643][bookmark: OLE_LINK1644][bookmark: OLE_LINK1243][bookmark: OLE_LINK1244]It has been demonstrated that EPA is more effective than docosahexaenoic acid (DHA) in the suppression of inflammatory response [33]. EPA plays as a substrate to decreases the production of inflammatory eicosanoids from arachidonic acid, via competing for the cyclooxygenase-2 and lipooxygenase (COX-2/LOX) enzymes. These alternative eicosanoids, which are termed E-series resolvins, have identified as a group of mediators to exert the antiinflammatory functions. Moreover, both DHA and EPA reduce the release of arachidonic acid via the inhibition of Phospholipase-2 (PLA2) [34-36].
[bookmark: OLE_LINK18][bookmark: OLE_LINK267][bookmark: OLE_LINK268]Also, EPA has an inhibitory role on the endotoxin-induced expression of adhesion molecules upon the endothelial cells (ECs) of human vein, and results in the excessive reduction of monocytes attached to the arterial endothelium [37].
[bookmark: OLE_LINK1403][bookmark: OLE_LINK1404][bookmark: OLE_LINK1334]The findings of an epidemiological study of Greenland Eskimos suggested that EPA could be has the antithrombogenic and antiarteriosclerotic properties [19]. It has been postulated that the mechanisms of these actions are including the suppression of platelet aggregation and the improvement of blood rheologic properties [38].
[bookmark: OLE_LINK3505][bookmark: OLE_LINK3504][bookmark: OLE_LINK1351][bookmark: OLE_LINK1350][bookmark: OLE_LINK2887][bookmark: OLE_LINK1315][bookmark: OLE_LINK1316][bookmark: OLE_LINK280]It has also been reported that EPA has the beneficial effects on the serum levels of lipids to is suggesting that EPA may be useful as a supplement for the prevention and treatment of arteriosclerotic disease [18]. These results suggest that the administration of EPA to the patients with type 2 diabetes may prevent the development of cardiovascular complications caused by some different risk factors. It seems that a combination of these actions and mechanisms explained above are responsible for the antiinflammatory, antiatherosclerotic, and antithrombotic effects caused by EPA.
[bookmark: OLE_LINK668][bookmark: OLE_LINK669][bookmark: OLE_LINK350][bookmark: OLE_LINK351]3. Effects of ω-3 PUFAs on Apolipoprotein (apo) A-I, apo B-100 and apo B/apo A-I Ratio:
[bookmark: OLE_LINK324][bookmark: OLE_LINK323][bookmark: OLE_LINK333][bookmark: OLE_LINK334][bookmark: OLE_LINK385][bookmark: OLE_LINK390]There are only a small number of human interventional studies regarding the effects of ω-3 PUFA on apo A-I, but the findings of them are contradictory [39-41]. These inconsistencies can be attributed to several factors, such as discrepancies in the population studied, the duration of study, the content of ω-3 PUFA in the supplement or the history of diet.
[bookmark: OLE_LINK331][bookmark: OLE_LINK692][bookmark: OLE_LINK693][bookmark: OLE_LINK964][bookmark: OLE_LINK965][bookmark: OLE_LINK986][bookmark: OLE_LINK985][bookmark: OLE_LINK43][bookmark: OLE_LINK336][bookmark: OLE_LINK335][bookmark: OLE_LINK337][bookmark: OLE_LINK338][bookmark: OLE_LINK34][bookmark: OLE_LINK731][bookmark: OLE_LINK735]Our findings clearly show that the supplementation of EPA for 8 weeks in the patients with type 2 diabetes mellitus significantly increases the serum levels of apo A-I (Table 2). As yet, the effect of EPA on the serum levels of apo A-I in vitro and in vivo was not studied, and this is the first time that has been demonstrated EPA can enhance the serum levels of apo A-I in vivo. Meanwhile, this finding is in accordance with that of the interventional study performed in this regard with the fish oil supplementation on obese subjects with the metabolic syndrome [42].
[bookmark: OLE_LINK696][bookmark: OLE_LINK697][bookmark: OLE_LINK346][bookmark: OLE_LINK347][bookmark: OLE_LINK391][bookmark: OLE_LINK392][bookmark: OLE_LINK379][bookmark: OLE_LINK380][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK705][bookmark: OLE_LINK706][bookmark: OLE_LINK707][bookmark: OLE_LINK708][bookmark: OLE_LINK383][bookmark: OLE_LINK384][bookmark: OLE_LINK395][bookmark: OLE_LINK396][bookmark: OLE_LINK401][bookmark: OLE_LINK402][bookmark: OLE_LINK684][bookmark: OLE_LINK685][bookmark: OLE_LINK1141][bookmark: OLE_LINK1140][bookmark: OLE_LINK1169]On the other hand, several studies have shown different results regarding the effects of ω-3 PUFA on apo B [13, 42]. These inconsistencies could be related to the same reasons explained to apo A-I. However, as yet, the effect of EPA on the serum levels of apo B-100 in vitro and in vivo was not studied, and this is the first time that has been demonstrated EPA can decrease the serum levels of apo B-100 in vivo. So that our present study clearly shows that the supplementation of EPA for 8 weeks in the patients with type 2 diabetes mellitus leads to a significant reduction in the serum levels of apo B-100 than the placebo group (Table 2).
[bookmark: OLE_LINK403][bookmark: OLE_LINK404][bookmark: OLE_LINK405][bookmark: OLE_LINK448][bookmark: OLE_LINK449][bookmark: OLE_LINK399][bookmark: OLE_LINK400]Meanwhile, there is yet no study in vitro and in vivo regarding the effect of ω-3 PUFAs among EPA on the serum ratio of apo B-100/apo A-I, and this is the first time to has been shown EPA can reduce the serum ratio of apo B-100/apo A-I in vivo. So that the results of present study show that the supplementation of EPA for 8 weeks in the patients with type 2 diabetes mellitus leads to a significant reduction in the serum ratio of apo B-100/apo A-I than the placebo group (Table 2).
[bookmark: OLE_LINK1049][bookmark: OLE_LINK468][bookmark: OLE_LINK469][bookmark: OLE_LINK474][bookmark: OLE_LINK475][bookmark: OLE_LINK460][bookmark: OLE_LINK461][bookmark: OLE_LINK470][bookmark: OLE_LINK471][bookmark: OLE_LINK504][bookmark: OLE_LINK505][bookmark: OLE_LINK462][bookmark: OLE_LINK463][bookmark: OLE_LINK1055][bookmark: OLE_LINK1056]Thus, it is significant to point out that our data provide evidence compatible with the hypothesis that EPA influences the serum levels of apo B-100, apo A-I and apo B-100/apo A-I ratio in the patients with type 2 diabetes mellitus.
4. ω-3 PUFAs and the lipid profile
[bookmark: OLE_LINK68][bookmark: OLE_LINK413][bookmark: OLE_LINK412]Meanwhile, several studies have shown that the ω-3 PUFAs have various effects on the lipid profile in type 2 diabetic patients, including enhancing the size of LDL-c particle [43], reducing the serum levels of TG [44], increasing the plasma levels of HDL-c and HDL2-c [44, 45], and decreasing the plasma levels of HDL3-c [44]. This study demonstrated that EPA can significantly increase the serum levels of HDL-c which is compatible with the results in the other studies with ω-3 PUFAs [44, 45], but did not significantly affect the other serum levels of lipids.
[bookmark: OLE_LINK1059][bookmark: OLE_LINK1060][bookmark: OLE_LINK1061][bookmark: OLE_LINK1062][bookmark: OLE_LINK464]5. The study limitations:
[bookmark: OLE_LINK104][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK132][bookmark: OLE_LINK207][bookmark: OLE_LINK208][bookmark: OLE_LINK211][bookmark: OLE_LINK214][bookmark: OLE_LINK3255][bookmark: OLE_LINK3256][bookmark: OLE_LINK3525][bookmark: OLE_LINK3524][bookmark: OLE_LINK472][bookmark: OLE_LINK473][bookmark: OLE_LINK476][bookmark: OLE_LINK479][bookmark: OLE_LINK480][bookmark: OLE_LINK498][bookmark: OLE_LINK502][bookmark: OLE_LINK503][bookmark: OLE_LINK307]There were several limitations for our study. First, a relatively small sample size of patients, therefore, it should point out that the results of our study are preliminary and need to be confirmed in a larger sample size of patients. Second, the exact mechanisms by which EPA decrease the serum level of apo B-100 and increase the serum level of apo A-I have not been clarified, and further work is necessary to delineate the molecular mechanism of action of EPA on the regulation of serum levels of apo B-100 and apo A-I. Third, it is better and important that the serum levels of CPR, and inflammatory cytokines, as well as the percentage of EPA in the membrane of RBC measure in the further studies. For these reasons, the additional studies will be necessary to determine the general applicability of our study results.

Conclusions:
[bookmark: OLE_LINK1057][bookmark: OLE_LINK1058]From ﬁndings it can be concluded that the supplementation of EPA is very effective in the reduction of oxidative stress and endothelial dysfunction as a main initiating step in the development of atherosclerosis, through an improvement in the serum levels of apo B-100, apo A-I and apo B-100/apo A-I ratio, which may contribute in the prevention of vascular complications in the patients with type 2 diabetes mellitus.
[bookmark: OLE_LINK361][bookmark: OLE_LINK362][bookmark: OLE_LINK377][bookmark: OLE_LINK378][bookmark: OLE_LINK375][bookmark: OLE_LINK376][bookmark: OLE_LINK363][bookmark: OLE_LINK364][bookmark: OLE_LINK369][bookmark: OLE_LINK370]In general, measurement of the serum levels of apo A-I, apo B and apo B/apo A-I ratio provides the additional information to that obtained by measuring the serum levels of LDL-c and HDL-c. The serum levels of these proteins are associated with particle numbers in these major atherogenic and antiatherogenic lipoproteins, and if be especially used along with the plasma levels of TG are a reflection of the metabolic status. The assays for apo A-I and apo B are accurate, reliable, standardized and inexpensive. Inclusion of these indicators in the standard lipid profile would be as useful parameters in strategies to the prevention of atherosclerotic vascular disease. Since they are beneficial first to help in the prediction of vascular risk, and then in the assessment of lipid lowering treatment.


[bookmark: OLE_LINK419][bookmark: OLE_LINK420]Table 1. The baseline and after characteristics of the two groups of patients
	[bookmark: OLE_LINK2694][bookmark: OLE_LINK2695]Variable 	 		 Group
	Placebo
[bookmark: OLE_LINK2783][bookmark: OLE_LINK2784][bookmark: OLE_LINK2787][n (Female/Male)=18]
	P-value
	EPA
[n (Female/Male)=18]
	P-value

	
	Baseline
	After
	
	Baseline
	After
	

	
	
	
	
	
	
	

	Age (years)
	44.72 ± 4.69
	
	
	44.44 ± 3.79
	
	[bookmark: OLE_LINK3020][bookmark: OLE_LINK3021]> 0.05

	Duration of DM (years)
	6.61 ± 3.68
	
	
	[bookmark: OLE_LINK3007][bookmark: OLE_LINK3008][bookmark: OLE_LINK3009][bookmark: OLE_LINK3010][bookmark: OLE_LINK3011][bookmark: OLE_LINK3012][bookmark: OLE_LINK3013][bookmark: OLE_LINK3014][bookmark: OLE_LINK3015][bookmark: OLE_LINK3016][bookmark: OLE_LINK3017][bookmark: OLE_LINK3018]6.44 ± 2.83
	
	> 0.05

	Weight (kg)
	78.30 ± 12.34
	78.24 ± 13.39
	[bookmark: OLE_LINK2861][bookmark: OLE_LINK2862]> 0.05
	78.03 ± 12.68
	77.15 ± 12.68
	[bookmark: OLE_LINK3003][bookmark: OLE_LINK3004][bookmark: OLE_LINK3058]> 0.05

	Height (cm)
	165.11 ± 8.85
	
	
	165.39 ± 8.12
	
	> 0.05

	Body mass index (kg/m²)
	28.92 ± 5.39
	[bookmark: OLE_LINK3061][bookmark: OLE_LINK3062]28.87 ± 5.61
	[bookmark: OLE_LINK3084][bookmark: OLE_LINK3085]> 0.05
	[bookmark: OLE_LINK3074][bookmark: OLE_LINK3075]28.49 ± 3.95
	[bookmark: OLE_LINK3080][bookmark: OLE_LINK3081]28.17 ± 3.94
	> 0.05

	Waist circumference (cm)
	[bookmark: OLE_LINK3069][bookmark: OLE_LINK3070][bookmark: OLE_LINK3088]97.47 ± 10.93
	[bookmark: OLE_LINK3093][bookmark: OLE_LINK3094]97.08 ± 11.73
	[bookmark: OLE_LINK3097][bookmark: OLE_LINK3098][bookmark: OLE_LINK3111]> 0.05
	[bookmark: OLE_LINK3066][bookmark: OLE_LINK3065][bookmark: OLE_LINK3101][bookmark: OLE_LINK3102]97.55 ± 9.65
	[bookmark: OLE_LINK3107][bookmark: OLE_LINK3108]96.44 ± 10.16
	> 0.05

	Hip circumference (cm)
	106.00 ± 11.82
	105.61 ± 12.32
	> 0.05
	105.33 ± 6.70
	104.61 ± 7.59
	> 0.05

	Waist/hip (ratio)
	[bookmark: OLE_LINK2828][bookmark: OLE_LINK2829][bookmark: OLE_LINK3024][bookmark: OLE_LINK3025][bookmark: OLE_LINK3114]0.92 ± 0.08
	[bookmark: OLE_LINK3119][bookmark: OLE_LINK3120]0.92 ± 0.07
	[bookmark: OLE_LINK3048][bookmark: OLE_LINK3049][bookmark: OLE_LINK3123]> 0.05
	[bookmark: OLE_LINK2836][bookmark: OLE_LINK2837][bookmark: OLE_LINK3126][bookmark: OLE_LINK3127]0.92 ± 0.05
	[bookmark: OLE_LINK3132][bookmark: OLE_LINK3133]0.92 ± 0.06
	[bookmark: OLE_LINK3136][bookmark: OLE_LINK3137]> 0.05

	Systolic blood pressure (SBP) (mmHg)
	[bookmark: OLE_LINK3140][bookmark: OLE_LINK3141]124.11 ± 15.32
	[bookmark: OLE_LINK3146][bookmark: OLE_LINK3147]124.89 ± 18.08
	[bookmark: OLE_LINK3150][bookmark: OLE_LINK3151]> 0.05
	[bookmark: OLE_LINK3154][bookmark: OLE_LINK3155]124.00 ± 16.25
	[bookmark: OLE_LINK3160][bookmark: OLE_LINK3161]123.06 ± 18.78
	> 0.05

	Diastolic blood pressure (DBP) (mmHg)
	[bookmark: OLE_LINK3169][bookmark: OLE_LINK3170]80.00 ± 6.69
	[bookmark: OLE_LINK3175][bookmark: OLE_LINK3176]80.00 ± 7.22
	[bookmark: OLE_LINK3164][bookmark: OLE_LINK3165][bookmark: OLE_LINK3179]> 0.05
	[bookmark: OLE_LINK3182][bookmark: OLE_LINK3183]79.78 ± 13.40
	79.44 ± 11.83
	> 0.05

	Mean blood pressure (MBP) (mmHg)
	[bookmark: OLE_LINK3167][bookmark: OLE_LINK3166][bookmark: OLE_LINK3196][bookmark: OLE_LINK3197]94.70 ± 7.87
	[bookmark: OLE_LINK3202][bookmark: OLE_LINK3203]94.96 ± 8.98
	[bookmark: OLE_LINK3192][bookmark: OLE_LINK3193][bookmark: OLE_LINK3206][bookmark: OLE_LINK3218]> 0.05
	[bookmark: OLE_LINK3188][bookmark: OLE_LINK3189][bookmark: OLE_LINK3209]94.52 ± 13.69
	[bookmark: OLE_LINK3214][bookmark: OLE_LINK3215]93.98 ± 13.41
	> 0.05

	Pulse Pressure (PP) (mmHg)
	44.11 ± 14.42
	44.89 ± 16.83
	> 0.05
	44.22 ± 9.59
	43.62 ± 11.84
	> 0.05

	Heart rate (HR) (beat/minute)
	[bookmark: OLE_LINK3030][bookmark: OLE_LINK3031]89.44 ± 12.49
	[bookmark: OLE_LINK3046][bookmark: OLE_LINK3047][bookmark: OLE_LINK3040]89.33 ± 11.73
	> 0.05
	89.67 ± 10.50
	89.33 ± 10.91
	> 0.05

	FBS (mg/dL)
	[bookmark: OLE_LINK3034][bookmark: OLE_LINK3035]138.06 ± 49.13
	[bookmark: OLE_LINK3036][bookmark: OLE_LINK3037]142.06 ± 52.34
	> 0.05
	[bookmark: OLE_LINK2876][bookmark: OLE_LINK2877]143.72 ± 53.53
	137.94 ± 23.566
	> 0.05

	HbA1C (%)
	[bookmark: OLE_LINK2844][bookmark: OLE_LINK2845][bookmark: OLE_LINK2852][bookmark: OLE_LINK2867]7.47 ± 1.67
	7.77 ± 1.42
	0.022
	[bookmark: OLE_LINK2857][bookmark: OLE_LINK2858]7.89 ± 1.75
	7.86 ± 1.58
	[bookmark: OLE_LINK2880][bookmark: OLE_LINK2883][bookmark: OLE_LINK2905]> 0.05

	Total energy intake (kcal)
	[bookmark: OLE_LINK2890][bookmark: OLE_LINK2889]1953.94 ± 297.12
	[bookmark: OLE_LINK1733][bookmark: OLE_LINK1732]1961.56 ± 232.21
	> 0.05
	[bookmark: OLE_LINK1296][bookmark: OLE_LINK1305]1955.94 ± 279.49
	[bookmark: OLE_LINK1320][bookmark: OLE_LINK1317]274.36 ± 1973.61
	[bookmark: OLE_LINK2920][bookmark: OLE_LINK2921][bookmark: OLE_LINK2936]> 0.05

	[bookmark: OLE_LINK3223][bookmark: OLE_LINK3224]Carbohydrates intake (g/d)
	260.32 ± 35.44
	[bookmark: OLE_LINK1730][bookmark: OLE_LINK1729]37.22 ± 265.08
	> 0.05
	260.85 ± 41.78
	[bookmark: OLE_LINK1324][bookmark: OLE_LINK1323]42.89 ± 260.82
	[bookmark: OLE_LINK2962][bookmark: OLE_LINK2963]> 0.05

	[bookmark: OLE_LINK3219][bookmark: OLE_LINK3220]Proteins intake (g/d)
	63.19 ± 14.78
	[bookmark: OLE_LINK2959][bookmark: OLE_LINK2960][bookmark: OLE_LINK1741][bookmark: OLE_LINK1740]11.97 ± 70.09
	0.041
	[bookmark: OLE_LINK1326][bookmark: OLE_LINK1325][bookmark: OLE_LINK2964][bookmark: OLE_LINK2965]14.34 ± 63.83
	63.92 ± 14.06
	[bookmark: OLE_LINK2993][bookmark: OLE_LINK2994]> 0.05

	Lipids intake (g/d)
	[bookmark: OLE_LINK1550][bookmark: OLE_LINK1525][bookmark: OLE_LINK1524][bookmark: OLE_LINK2982][bookmark: OLE_LINK1415][bookmark: OLE_LINK1416]22.68 ± 76.11
	76.39± 16.56
	> 0.05
	16.78 ± 73.82
	20.13 ± 76.86
	> 0.05

	Fibers intake (g/d)
	14.75 ± 4.64
	[bookmark: OLE_LINK2897][bookmark: OLE_LINK2896]2.28 ± 14.64
	[bookmark: OLE_LINK2985][bookmark: OLE_LINK2986]> 0.05
	[bookmark: OLE_LINK2901][bookmark: OLE_LINK2902]16.66 ± 4.99
	16.84 ± 3.82
	[bookmark: OLE_LINK2918][bookmark: OLE_LINK2919]> 0.05


[bookmark: OLE_LINK3243][bookmark: OLE_LINK3244]Data are shown as mean ± SD. Statistical analysis was performed using paired t-test and Independent t-test.

[bookmark: OLE_LINK426][bookmark: OLE_LINK3247][bookmark: OLE_LINK3246][bookmark: OLE_LINK3245][bookmark: OLE_LINK288][bookmark: OLE_LINK289]Table 2. Serum levels of apolipoprotein (apo) A-I, B-100 and apo B-100/apo A-I ratio at baseline and after of the supplementation with EPA or placebo
	[bookmark: OLE_LINK176][bookmark: OLE_LINK177][bookmark: OLE_LINK172][bookmark: OLE_LINK175][bookmark: OLE_LINK178]Group
Variable
	Placebo
	P-value
	EPA
	P-value

	
	Baseline
	After
	
	Baseline
	After
	

	apo A-I (ng/ml)
	147.94 ± 22.65
	147.22 ± 20.85
	0.837
	128.50 ± 11.70
	137.72 ± 10.67
	[bookmark: OLE_LINK162][bookmark: OLE_LINK166]< 0.001

	[bookmark: _Hlk391280568]apo B-100 (ng/ml)
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]96.89 ± 22.89
	97.72 ± 18.21
	0.883
	95.00 ± 21.13
	87.94 ± 20.49
	< 0.001

	apo B-100/apo A-I
(Ratio)
	0.6689 ± 0.19
	[bookmark: OLE_LINK958][bookmark: OLE_LINK957]0.6672 ± 0.10
	0.971
	0.7461 ± 0.19
	0.6683 ± 0.16
	0.003


Data are shown as mean ± SD. Statistical analysis was performed using paired t-test.

Table 3. Serum levels of lipids (mmol/L) at baseline and after the supplementation with EPA or placebo
	Group
Variable
	Placebo
	P-value
	EPA
	P-value

	
	Baseline
	After
	
	Baseline
	After
	

	Total cholesterol (mmol/L)
	204.44 ± 43.91
	[bookmark: OLE_LINK2291][bookmark: OLE_LINK2290][bookmark: OLE_LINK2673][bookmark: OLE_LINK2674][bookmark: OLE_LINK2293][bookmark: OLE_LINK2292]226.27 ± 38.73
	> 0.05
	211.22 ± 43.57
	[bookmark: OLE_LINK2675][bookmark: OLE_LINK2676]207.16 ± 39.69
	> 0.05

	LDL-cholesterol (mmol/L)
	92.61 ± 35.92
	[bookmark: OLE_LINK2677][bookmark: OLE_LINK2678]95.73 ± 29.86
	> 0.05
	96.33 ± 38.13
	[bookmark: OLE_LINK2679][bookmark: OLE_LINK2680]81.4 ± 32.63
	> 0.05

	HDL-cholesterol (mmol/L)
	[bookmark: OLE_LINK157]31.11 ± 4.24
	31.38 ± 4.76
	> 0.05
	29.72 ± 5.31
	37.11 ± 5.97
	< 0.05

	Triglycerides (mmol/L)
	221.50 ± 121.49
	[bookmark: OLE_LINK2685][bookmark: OLE_LINK2686]162. 8± 158.81
	> 0.05
	218.61 ± 94.52
	[bookmark: OLE_LINK2687][bookmark: OLE_LINK2688]176.48 ± 133.75
	> 0.05


Data are shown as mean ± SD. Statistical analysis was performed using paired t-test.
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