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Introduction

Cardiovascular disease (CVD) is an ever-growing problem in Europe and Greece is one of the European Union member states at the top of the list in deaths due to ischemic heart disease and stroke [START_REF] Michas | Cardiovascular disease in Greece; the latest evidence on risk factors[END_REF]. It is well known, that the major risk factors for CVD are dyslipidemia, obesity, diabetes, oxidative stress, psychosocial factors, systemic inflammation, physical inactivity, diet and smoking [START_REF] Wilson | Overview of the risk equivalents and established risk factors for cardiovascular disease[END_REF]. One of the most important risk factors that may easily be changed is diet. A balanced antioxidant rich and low fat diet, may function as preventive factor for CVD [START_REF] Anand | Food Consumption and its Impact on Cardiovascular Disease: Importance of Solutions Focused on the Globalized Food System A Report from the Workshop Convened by the World Heart Federation[END_REF]. In the literature, there is a controversy surrounding about the optimal diet for CVD health. It is well accepted that low-fat diet could improve life expectancy in CVD patients, but the long-term effects of this diet have not been fully investigated [START_REF] Eilat-Adar | Nutritional recommendations for cardiovascular disease prevention[END_REF]. There are studies indicating an increase of HDL-cholesterol and a corresponding decrease in triacylglycerols following a monounsaturated fatty acids (MUFA)rich diet [START_REF] Schwingshackl | Monounsaturated fatty acids and risk of cardiovascular disease: Synopsis of the evidence available from systematic reviews and meta-analyses[END_REF]. In addition, MUFA are able to increase HDL-cholesterol, while the substitution of saturated fatty acids (SFA) with MUFA affects favorable effects on LDL-cholesterol [START_REF]and HS and USD of. 2015 -2020 Dietary Guidelines for Americans. 2015 -2020[END_REF]. Moreover, the Dietary guidelines for Americans, edition 2010 gives no specific recommendation for MUFA [7].

In their last guidelines (edition 2015-2020), they conclude that «replacing total fat or saturated fats with carbohydrates is not associated with reduced risk of CVD and additional research is needed to determine whether this relationship is consistent across categories of carbohydrates».

Moreover, they claim that «replacing saturated fats with carbohydrates reduces blood levels of total and LDL-cholesterol, but increases blood levels of triglycerides and reduces high-density lipoprotein-cholesterol (HDL-cholesterol)». Other studies have shown that higher intake of ω-6 polyunsaturated fatty acids (PUFAs), when compared with SFAs or carbohydrate, reduce concentrations of LDL cholesterol and non-HDL cholesterol in a dose-dependent manner and is associated with lower risks for CVD events [START_REF] Maki | ω-6 Polyunsaturated Fatty Acids and Cardiometabolic Health: Current Evidence, Controversies, and Research Gaps[END_REF]. The same benefits has been observed for Ω-3 polyunsaturated fatty acids consumption and better pharmacological intervention and acute treatment of patients with CVD was observed [START_REF] Maehre | ω-3 fatty acids and cardiovascular diseases: Effects, mechanisms and dietary relevance[END_REF]. Moreover, it is well accepted that fat soluble vitamins via several pathways possess benefits in the prevention of CVD [START_REF] Tsugawa | Cardiovascular diseases and fat soluble vitamins: Vitamin D and vitamin K[END_REF][START_REF] Eshak | Dietary intakes of fat soluble vitamins as predictors of mortality from heart failure in a large prospective cohort study[END_REF]. In the past, a lot of studies indicate that the assumption of high dietary cholesterol consumption is associated with high blood cholesterol levels and CVD. Afterwards, subsequent research suggests that, in contrast to SFA and total fatty acids (TFA), dietary cholesterol in general and cholesterol in eggs in particular have limited effects on the blood cholesterol level and on CVD [START_REF] Miranda | Egg and egg-derived foods: Effects on human health and use as functional foods[END_REF]. On the other hand, it is well accepted that low trans fatty acid consumption reduces the risk of CVD and 7 european countries have introduced legal TFA limits as a solution for the CVD [START_REF] Wilczek | Trans -Fatty Acids and Cardiovascular Disease: Urgent Need for Legislation[END_REF]. Another risk factor for CVD is oxidative stress and several studies have linked the excessive generation of reactive oxygen species (ROS) with the pathogenesis of coronary atherosclerosis and counterbalance of antioxidants in cellular protection cascade against oxidative stress [START_REF] Anvari | Relationship between calculated total antioxidant status and atherosclerotic coronary artery disease[END_REF]. The aim of this study is to overview in regular blood donors (rBDs) all the type of diet fatty acids intake and understand their role to atheromatic index values on CVD risk as well as investigate the relationship of serum total antioxidant status (sTAS) with CVD risk. Indeed, the selection of rBDs was attributed due to their status as a healthy population without intake of drug or other supplements.

Materials and Methods

Study design

A cross-sectional study was carried out on 150 volunteer regular blood donors (rBDs), males and females, aged 18-60 years in the General Hospital of Naousa, Greece at Blood Bank section from January 2015 to August 2017. Just before blood donation, 10 mL venous blood sample was taken and divided into EDTA and Serum separator tubes. EDTA tubes were used for the measurement of the hematological parameters. The serum was recovered from clotted blood and transferred to a fresh tube for determination of all the biochemical parameters (serum total cholesterol, triglyceride, Serum high density lipoprotein (HDL), Serum low density lipoprotein (LDL) and serum total antioxidant status (STAS). Donors' particulars were obtained from blood bank records.

Samples used in this study were divided in 3 groups according to their atheromatic index (A.I) (A.I= Total cholesterol/ HDL) considered as a CVD risk marker as previously reported [START_REF] Niroumand | Atherogenic Index of Plasma (AIP): A marker of cardiovascular disease[END_REF]. Group 1 ( A.I < 3,5 comprised of 50 rBDs, Group 2 ( A.I 3,5-4,5 from 52 rBDs and Group 3 from 48 rBDs ( A.I > 4,5). The participants were examined for symptoms of diseases and were excluded if medication/vitamins were taken. All rBDs, provided written and informed consent before entering the study.

Ethical Standards

The study was conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki. Ethical approval to perform the present study was obtained from the Ethical committee of the General Hospital of Naousa. The confidentiality of participants was wholly preserved. 

Total antioxidant status (sTAS)

Total antioxidant status) in serum (sTAS) was measured by total antioxidant quantification using ABTS+ (2,2'-Azino-di-[3-ethylbenzthiazoline sulphonate]) radical formation with the commercially available Randox Total Antioxidant Status test kit (Randox Lab., Ltd., UK).

Assay was performed using the Victor multilabel microplate reader (PerkinElmer Life and Analytical Sciences, Inc., USA).

Lipid profile

Serum total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides were measured using an enzymatic colorimetric method in biochemical analytes.

Atheromatic Index

Atheromatic index (AI= Total cholesterol/ HDL) was calculated for all subjects. All individuals were divided in three groups according to their calculated AI. Group A was comprised by rBDs with AI< 3,5, Group B by rBDs with AI between 3,5 to 4,5 and Group C with AI > 4,5.

Dietary Intake (DI) assessment.

A 3 day food recall (one weekend day and two weekdays) was used to estimate the dietary intake. All participants were asked to describe in detail the quantity and type of food consumed those 3 days. The 3 day dietary intake recalls were conducted in face-to-face interviews. Written and verbal instructions were given in order to complete their food recalls.

Dietary intake was assessed using the Food Processor, computer program for nutrient analysis, (version 7.4) with Greek foods included and was expressed as the mean of the three recalled days.

Statistical analysis

For statistical analysis, SPSS tool version 22.0 was used. Descriptive statistics presented as mean ± standard deviation and frequencies as percentages. Kolmogorov-Smirnov analysis verified the normality of the data set. Pearson's chi-square test or chi-square test of association was used to discover if there is a relationship between the categorized data, while Fisher's exact test was used when expected variable were < 2% of total number of variables.

Additionally, independent sample t-test was used to compare between means. In all statistical analysis, level of significance ( p-value) was set at α=0.05.

Results

Characteristics of the study population

In Fig. 1 there is the schematic diagram of our study and in Table 1 the socio-demographic characteristics of all study participants. Demographic analysis of the 150 donors showed 65% (98) male and 35% (52) female. Low atheromatic index (AI) of regular blood donors (rBDs) were significantly (p < 0.001) younger than higher atheromatic index rBDs (40.8 vs 44.6 and 45.5 years respectively). In addition rBDs of Group A with low AI had significantly lower BMI in compare with Group B and C respectively (22.3 vs 27.6 and 29.6 respectively). rBDs of Group B and C present more smokers, 20 % and 34% respectively in compare with Group A with only 10% of smokers.

Table 1. Characteristic of all study participants

Group A (n=50)

(AI < 3,49)
Group B(n=52) respectively, p<0,05). On the other hand, dietary cholesterol levels were significantly higher in rBDs with low AI (274g vs 157.3g, p<0.01) such as trans fatty acids (2,64g vs 1,54g and 0,85g, p <0,05) and Ω3 (0,95g vs 0,65g and 0,66g, p <0,05). Ω6 fatty acid diet intake showed no significant change in the three groups. Abbreviations: ns: non significant,

Evaluation of the relationship between sTAS and dietary intakes

sTAS levels of different atheromatic index groups were significantly correlated with many FA including SFA, MUFA, PUFA, Cholesterol, Trans FA and sugar. A lot of weak correlations between sTAS and dietary intakes have been observed in all groups, especially for group B representing the intermediate group of atheromatic index evaluation. Cholesterol levels present a progressive differentiation in its relationship with sTAS presenting a negative correlation in group A (r = -0.20, p<0.05) and positive correlations in groups B and C (r = 0.25 and 0.42 respectively, p<0.05). Interestingly, negative correlation for sTAS levels has been observed for total sugar intake (r = -0.31 and -0.41 respectively, p<0.05), indicating the negative role of sugars for the antioxidant system. On the other hand, the beneficial role of Trans Fatty acid has been observed. A strong positive correlation in group A (r = 0.41, p<0.05) gradually becomes weak in group B (r = 0.20, p<0.05) and finally no significantly important correlation has been observed for group C.

Discussion

Anvari et all in their study suggested to investigate the relationship of serum TAS as an independent predictor of CVD with more participants and with new CVD patients who had just started to show symptoms [START_REF] Anvari | Relationship between calculated total antioxidant status and atherosclerotic coronary artery disease[END_REF]. For this reason in our study we categorized the rBDs according to their atheromatic index to find patients before the manifestation of CVD symptoms and tried to correlate the AI with their diet fat and antioxidants as well as the serum TAS. A lot of studies stated that atheromatic index is a marker of a regular monitoring index of CVD and male subjects with increased AI of plasma were at high risk in developing a cardiovascular disease [START_REF] Niroumand | Atherogenic Index of Plasma (AIP): A marker of cardiovascular disease[END_REF][START_REF] Khazaál | Atherogenic Index of Plasma (AIP) As a Parameter in Predicting Cardiovascular Risk in Males Compared To the Conventional Dyslipidemic Indices (Cholesterol Ratios)[END_REF]. In a recent study with 5207 participants it was presented that the two Atherogenic index (AI) (LDL-C/HDL-C) and coronary risk index (TC/HDL-C) may be the alternative markers for CDV risk and in case that all other atherogenic markers are normal [START_REF] Kazemi | Cardiovascular Risk Factors and Atherogenic Indices in an Iranian Population: Birjand East of Iran[END_REF]. In addition, taking into consideration that oxidative stress can be easily influenced by health disorders and use of medication or other supplementation the regular blood donors population was selected to exclude those influencing factors.

The main finding of our study is that the mean sTAS level in rBDs groups with increased atheromatic index (> 4,5) was significantly higher than that in group with low A.I (<3.5)

which is in accordance with other studies [START_REF] Anvari | Relationship between calculated total antioxidant status and atherosclerotic coronary artery disease[END_REF][START_REF] Aydın | Relationship between total antioxidant capacity and the severity of coronary artery disease[END_REF]. Other studies present increased ROS levels in CVD patients and consequently the imbalance in the ratio of ROS [START_REF] Soydinç | The relationship between oxidative stress, nitric oxide, and coronary artery disease[END_REF] and antioxidants is associated with vulnerable plaque formation resulting in the development of CVD [START_REF] Panth | Reactive Oxygen Species: A Key Hallmark of Cardiovascular Disease[END_REF]. Our findings showed that sTAS levels were significantly higher in Group C (Higher AI) than in the group A (Lower AI) may be explained by higher levels of uric acid and other antioxidants such as albumin, bilirubin and diet vitamins in these individuals. In our study, we observed that lower intake of antioxidant vitamins presented in CVD risk group B (AI: 3.5-4.49) was associated with increased atheromatic index. On the other hand, group C with the higher A.I had higher vitamin intake than group B but without to affect the atheromatic index value. In accordance with our results, clinical trial outcomes using antioxidant diet for improving CVD in humans didn't reveal any health improvement [START_REF] Lonn | Effects of long-term vitamin E supplementation on cardiovascular events and cancer: A randomized controlled trial[END_REF]. Moreover, our results showed an improvement of diet antioxidant vitamins in subjects who are in higher AI risk trying to improve their nutrition habits. In addition, our data indicates that dietary cholesterol such as dietary ω3 fatty acid as well as dietary antioxidant vitamins has a significant controversy effect in the increase of atheromatic index and consequently showed a positive influence in the general health state. These findings are in accordance to previous studies about diet cholesterol [START_REF] Barona | Dietary cholesterol affects plasma lipid levels, the intravascular processing of lipoproteins and reverse cholesterol transport without increasing the risk for heart disease[END_REF]. Dietary cholesterol is not correlated with heart disease because of its contribution in both HDL and LDL formation. After reviewing the major reports on dietary intake and CVD, we can conclude that controversial results exists on this topic and the majority of the data do not support a direct relationship between sTAS levels and diet intake correlated with heart disease in the general population. Dhibi et all [START_REF] Dhibi | The intake of high fat diet with different trans fatty acid levels differentially induces oxidative stress and non alcoholic fatty liver disease (NAFLD) in rats[END_REF], observed a negative relationship between the consumption of TFA and lipid peroxidation levels, indicating TFAs as a risk factor to influence CVD. In our study, we confirmed that TFA diet intake has a negative correlation with AI but also a positive correlation of TFAs with sTAS has been observed probably because antioxidants exert antioxidant effects to counterbalance TFAs consumption. Previous studies, confirm that higher consumption of antioxidant-rich fruits and vegetables could effort to prevent CVD diseases [START_REF] Bacchetti | Relationship of fruit and vegetable intake to dietary antioxidant capacity and markers of oxidative stress[END_REF]. In accordance with previous studies[25-27], we confirmed that sugar intake increase the risk of CVD. Finally, a paradox phenomenon has been observed between group B and C, as SFA, MUFA, PUFA and sugar total dietary intake decrease their consumption in higher atheromatic index group (Group C). While, dietary intake of Vitamins A,D,E and K increase their consumption in Group C. This observation could be attributed to the fact that higher atheromatic index population starts to take care of their dietary habits. In conclusion, in order to help the population to achieve a healthy diet, communication will be needed on multiple levels including new advices regarding the lipids consumption and the role of antioxidants intake.
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(AI: 3,5-4,49)

  

				Group C (n=48)
				(AI >4,5)
	Sex, male/female	35/15	33/19	30/18
	Age	40.8 ± 9.9	44.6 ± 10.1	45.5 ± 8.7
	BMI	22.3 ± 2.9	27.6 ± 4.3	29.6 ± 3.5
	Smoking (%)	10%	19.6%	34%
	2			

. Comparison of dietary fats, Vitamins and sTAS levels with atheromatic index

  Table2presents the mean and standard deviation of all dietary fat intakes (total fats (TF),

	saturated fats (SF), Monounsaturated fats (MUFA), polyunsaturated fats (PUFA), cholesterol,
	trans fatty acids (TFAs), Ω3 and Ω6 fatty acids in the group B and C of rBDs than in group A
	with low AI (p<0.03 and 0.02 respectively). Total sugar intake was significant lower in group
	A with low atheromatic index than in the other two groups (16,55g vs 62.68g and 52.17g

Table 2 . Comparison of Dietary intake and sTAS levels in different atheromatic index groups.
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					Comparisons of
		Group A	Group Β	Group C		Groups
		AI <3.5	AI: 3.5 -4.5	AI: > 4.5	Α-Β Α-C	Β-C
	Diet intakes		Average (SD +/-)			p-value
	Total Fat (g)	19.18 ± 0.95	29.94 ± 1.85 41.09 ± 3.65 0.05	0.43	0.43
	Saturated fat (g) 13.95 ± 1.23	21.86 ± 2.43 20.17 ± 2.23 0.27	0.20	0.24
	Monounsaturated					
	fat (g)	15.13 ± 2.15	22.86 ± 0.93 17.69 ± 4.68 0.05	0.03	0.03
	Polyunsaturated					
	fat (g)	4.47 ± 0.42	9.44 ± 1.26 9.08 ± 1.48 0.05	0.02	0.04
	Cholesterol (g)	274 ± 26.5	190.7 ± 25.6 157.3 ± 12.5 0.01	0.01	0.05
	Trans fatty acids					
	(g)	0.85 ± 0.25	1.54 ± 0.15 2.64 ± 0.45 0.05 0.001	0.05
	Ω3 fatty acids (g)	0.95 ± 0.14	0.65 ± 0.16 0.66 ± 0.24 0.05	0.09	0.05
	Ω6 fatty acids (g)	5.58 ± 0.45	5.54 ± 0.24 5.72 ± 0.55 0.15	0.14	0.24
	sugar total (g)	16.55 ± 1.45	62.68 ± 12.5 52.17 ± 12.4 0.02	0.05	0.15
	Vitamin A (IU)	3426 ± 215	2578 ± 156 2856 ± 256 0.04	0.05	0.23
	Vitamin C (mg)	84.28 ± 12.5	77.9 ± 5.68 74.97 ± 8.55 0.03	0.02	0.04
	Vitamin D (μg)	3.05 ± 1.65	1.68 ± 0.27 1.84 ± 0.95 0.03	0.05	0.05
	Vitamin E (mg)	5.61 ± 1.25	5.09 ± 0.55	4.8 ± 1.74 0.05	0.05	0.05
	Vitamin K (μg)	33.7 ± 2.65	22.7 ± 2.47 37.3 ± 3.14 0.05	0.15	0.24
	sTAS (mM)	203.1 ± 25.3	247.2 ± 34.2 245.5 ± 26.4 0.03	0.05	0.47

Table 3 . Correlation (r-value) of all dietary intakes with serum total antioxidant status
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	(sTAS)			
		Group A	Group B	Group C
	Diet intakes		sTAS (r-value)	
	Total Fat (g)	ns	ns	ns
	Saturated fat (g) ns	-0.24(p<0.05)	ns
	Monounsaturated	ns	-0.21(p<0.05)	ns
	fat (g)			
	Polyunsaturated	ns	ns	0.45(p<0.05)
	fat (g)			
	Cholesterol (g)	-0.20(p<0.05)	0.25(p<0.05)	0.42(p<0.05)
	Trans fatty acids	0.61(p<0.05)	0.20(p<0.05)	ns
	(g)			
	Ω3 fatty acids (g) ns	ns	ns
	Ω6 fatty acids (g) ns	ns	ns
	sugar total (g)	ns	-0.31(p<0.05)	-0.41(p<0.05)
	Vitamin A (units) ns	ns	ns
	Vitamin C (mg) 0.20(p<0.05)	0.24(p<0.05)	0.26(p<0.05)
	Vitamin D (μg)	0.28(p<0.05)	ns	ns
	Vitamin E (mg) ns	ns	ns
	Vitamin K (μg)	0.23(p<0.05)	0.27(p<0.05)	0.21(p<0.05)
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