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THE EFFECTS OF DIET HIGH IN MONOUNSATURATED FAT FROM HAZELNUTS ON PLASMA CHOLESTEROL AND LTPOPROTEINS
Introduction
Coronary heart disease (CHD) remains one of the leading causes of mortality in many countries all over the world. Epidemiological studies have contributed to the knowledge of the history of CHD releated to the nutritional status and dietary paterns of people which may result in the risk of CHD (1-5).
These studies have demonstrated the importance of the relationship between excess saturated fat consumption and elevated cholesterol levels. Reducing the consumption of dietary saturated fat and cholesterol is the cornerstone of population based approaches to the manangement of hypercholesterolemia.
In Turkey, CHD is the first five leading causes of mortality which represents 43 % of total deaths (5). This problem has recently been studied in Turkey by Onat et al and Mahley et al. with two epidemiological studies (6, 8). According to the these studies and to the new one TEKHARF - Cohort 2000 (9), the mean cholesterol levels in Turkish population are relatively low (average 180-182 mg/dL) but at least 8 billion people have cholesterol levels above 200 mg/dL. However triglyceride levels are high (> 151 mg/dL about 25 %) and high density lipoprotein cholesterol (HDL-C)(males 34-38 mg/dL, females 37-45 mg/dL) levels are extremely low (9).
Mahley et al (7, 8) reported that the low level of HDL-C in Turkish people is releated with the pattern of diet and low levels of physical activity.
This tendency may be related to the progressive changes in the consumption of traditional diet as the country becomes developed with increased consumption of processed foods, especially rich in saturated fats, low in dietary fibre (2, 11).
Several studies shown that the Mediterranean diet is associated with significantly lower risk of CHD and aterosklerosis. Despite having a rather high proportion of the calories supplied by fats and oil (mainly olive oil) in their diets people from Mediterranean countries have very low incidence of CHD (12-16).
Current recommended high carbohydrate, low fat diets increase triglycerides (TG) and lower HDL-C concentration (13). For this reaseon many authers have suggested that MUFA can be used as a replacement for carbohydrate and nuts are the good source of MUFA.
So far, five large prospective cohort studies (the Adventist Health Study, the Nurses Healty Study, the Physicans' Healty Study, the low a Women Health Study and CARE Study) have examined the relation between nut consumption and the risk of CHD and all have found and inverse association (17). In addition, several clinical studies have observed beneficial effects of diets high in nuts on blood lipids (17-22).
Most fats in nuts are mono and polyunsaturated fatty acids that lower low density lipoprotein cholesterol (LDL-C) level. Also important is that nuts are the good source of some nutrients (calcium, copper, magnesium, plant sterols, phytochemicals, fibre, vitamin E....) other than fat play an important role in preventing or promoting atherosclerosis by changing blood levels of cholesterol, high density lipoprotein cholesterol (HDL-C) and triglycerides (TG) (18-24).
Among the nut species, hazelnuts play a major role in human nutrition and health, because of their special composition of fat (mainly oleic acid) protein, carbohydrate, vitamins, minerals, dietary fibre and other nutrients (Table 1,2) (20,22).
Table 1: Energy and Nutrients Content of Hazelnut
Hazelnut (per 100 g)
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Energy (kcal)
634-641
Protein (g)
12.6-19.6
Fat(g)
62.4-62.6
Carbohydrate (g)
16.7-11.9
Iron(mg)
3.4-4.99
Magnesium (mg)
146.6-184.0
Zinc (mg)
2.04
Calcium (mg)
127.6-209
Phosphor (mg)
337
Sodium (mg)
0.28-2.0
Potasium (mg)
456.4-704.0
Vitamin B i (mg)
0.33
Vitamin B2 (mg)
0.12-0.16
Vitamin B6 (mg)
0.24-0.7
Vitamin E (mg)
31.4
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Source :   Richardson DG, Acta Harticorturae No: 445, 1997
Table 2: Fatty Acids Contents of Some Nuts And Comparison With Oils
	Type
	Total Fat
	Palmitic
	Stearic
	Oleic
	Linoleic
	Linolenic

	
	(g/lOOg)
	16:0
	18:0
	18:1
	18:2
	18:3

	Almond
	52.2
	6.6
	1.9
	63.7
	20.1
	0.7

	HAZELNUT
	62.6
	5.0
	2.0
	77.7
	9.3
	0.2

	Peanut
	49.2
	10.5
	2.2
	48.1
	31.6
	0.0

	Walnut
	56.6
	3.7
	2.5
	21.0
	59.2
	5.8

	Olive oil
	100.0
	11.0
	2.2
	72.5
	7.9
	0.6

	Canola oil
	100.0
	4.0
	1.8
	56.1
	20.3
	9.3

	Sunflower oil
	100.0
	4.8
	1.3
	75.3
	14.2
	0.0


Source : Kris-Etherton, PM et al: Nuts and their bioactive const: effects on serum Hpids....Am J Clin Nutr. 70 (3): 5045, 1999
Hazelnuts are a good source of energy as they contain around 62% of oil content. The beneficial effects could be related to the fatty acids profiles of hazelnut lipids which are rich in mono (oleic acid ~ 75%) and polyunsaturated (linoleic acid 15% and linolenic acid 2%) fatty acids. Studies have shown that diets low in saturated fat and high in MUFA are effective in controlling blood lipid levels. This is a beneficial effect on the risk of CHD (21, 22).
Hazelnuts are the second best source of vitamin E (970 meg tocopherol/gram oil) after plant oil vitamin E (tocopherols) is an excellent dietary source of naturel antioxidants for protection against CHD and atherosclerosis (11). Vitamin B6 (pyridoxine) has been shown in several studies to be beneficial against CHD. Hazelnuts have the highest amount of vitamin B6 (0.6-0.7 mg/100 g) (19, 22). Eating only 25 g of hazelnut per day gives 100% of the recommended daily allowance (RDA) for vitamin E and 25% of vitamin B6 (19).
Hazelnut is rich in protein (12.6-19.6 g/100 g). It's protein quality (66.6%) is also high in comparision to many proteins of plant origin. Hazelnut is the best source of plant origin for iron (3.4-4.99 mg/100 g). Because of their chemical and nutritional compositions, hazelnuts have potential beficial health effects (11, 19, 22).
Turkey holds the first place in the world with respect to hazelnut production and export. Besides its economic importance the high nutritional value of hazelnut makes it a special food.
The purpose of this study is to examine the effects of diet high in monounsaturated fat from hazelnut on plasma cholesterol and lipo proteins levels.
Subjects and Methods
Subjects
This study was conducted on 15 volunters non-smoker men age between 30 to 60 years old. Subjects eligible for participation were borderline high hypercholesterolemic (> 200 mg/dL). One (6.7 %) subject had a previous history of CHD, however non had clinical or labaratory findings suggesting the presence of any other illness or condition (diabetes, renal, thyroid, hepatic, cancer... diseases) that would confound the study results. None of the subjects were receiving drug therapy for hypercholesterolemia.
Desingn of the Study
All the subjects were first admitted to the Cardiovascular Clinic for three days, during which a detailed history was taken, a physical examination was performed, anthropometric measurements (weight, hight, waist, hip and body fat percentages % by BIA measurements) were taken and laboratory tests for blood lipids and lipoproteins and test for endotelial functions were performed. During the last week of each dietary period (days 30, 60 and 90) these measurements and labarotory findings were evaluated.
Diets
In a crosover study diet which has been performed for 3 periods, each diet for a period of 4 weeks. In the first and third periods, of diets subjects received adequate energy for their weight control and low cholesterol (< 300 mg/day) diet. For these periods diets provided 12-15% of the total energy as protein, 55-60% as carbohydrate and 25-30% as fat; saturated, cismonounsaturated and polyunsaturated fats accounted for < 7%, 13-15% and 7-8% of the total energy respectively.
In the second period (4 weeks) of the study subjects were informed to consume 40 g/day hazelnut. Energy intake was not changed by the diet with hazelnut. However the energy supplied from fat was increased and energy from carbohydrate (simple sugars) was decreased ~ 5 to 10% per day. So, this period of diet (high fat high MUFA) provided 12-15% of the energy as protein, 50-55% as carbohydrate and 35-40% as fat; saturated, cismonounsaturated and polyunsaturated fats accounted 7%, 23-25% and 7-8% of the total energy respectively (Table 3).
Table 3: Composition of the Study Diets
	
	
	Diet
	

	Constituent
	Without Hazelnut
	
	With Hazelnut*

	Carbohydrate (% of total energy)
	55-60
	
	50-55

	Protein (% of total energy)
	12-15
	
	12-15

	Fat (% of total energy)
	25-30
	
	35-40

	Saturated (%)
	<7
	
	<7

	Cismonounsaturated (%)
	13-15
	
	23-25

	Polyunsaturated (%)
	7-8
	
	7-8

	Cholesterol (mg/day)
	<300
	
	<300

	Fibre (g/day)
	25-30
	
	25-30


* 40 gram Hazelnut supplys: 254 kal, 6.7 g CHO, 5.04 g protein, 25 g fat: 1.84 g saturated, 19.64 g MUFA, 2.4 g PUFA
Food intake was assesed by dietary records three concecutive days including one weekend for each week of each period of the study. So, each subject has 36 days dietary intake records.
Subjects were instructed individually on how to complete the food records and how to estimate or measure the food portions at home by nutritionists with an extensive experience. All completed weekly food consumption were checked by them. The data were analyzed with SPSS version 10 statistical software. Food composition tables were used to calculate energy and nutrient intakes (24).
Biochemical Analyses
Fasting plasma cholesterol, high density lipoprotein cholesterol and triglycerides were measured with enzymatic colorimetric test. Low density lipoprotein cholesterol (LDL-C) and very low density lipoprotein (VLDL-C) were estimated by using of equations shown as belows (25).
LDL-C = Total cholesterol - (HDL-C) - (Triglycerides/5) VLDL-C = Triglyceride/5
High density lipoprotein cholesterol was measured enzymatically after lipoprotein containing apolipoprotein B had been precipitated with heparinmanganese. Plasma glucose were measured by the glucose oxidase methot (26).
Statistical Analysis
Simple descriptive statistics (mean ± SD) and Repeated Measures ANOVA tests were used to compore three dietary periods. Nutrient intakes (total fat, saturated, mono and polyunsaturated fatty acids) were also compared with blood lipids and correlation coefficients (r) had been investigated.
Results Descriptive data
Fifthteen voluntary male subject aged between 33 to 59 years (mean ± SD 48.5 ± 7.9) participated in the study. Each subject's weight and body mass index (BMI kg/m2) was maintained throughout the study (± 0.3 kg and ± 0.3 kg/m2). (Table 4).
Table 4: Some variables of the subjects (n: 15) (mean ± SD)
	
	
	Diets
	periods
	

	Variables
	Initial
	l*(4wks)
	2**(4wks)
	3*(4wks)

	Age (yrs)
	48.5±7.9
	
	
	

	Height (cm)
	169.8±5.9
	
	
	

	Weight (kg)
	74.4±5.2
	74.2±5.4
	74.1±5.9
	74.2±5.6

	BMI (kg/m2)
	26.0±1.6
	25.8±1.7
	25.7±1.8
	25.7±1.8

	Waist/Hip
	0.95±0.055
	0.95±0.052
	0.94±0.059
	0.94±0.057

	Body fat (%)
	26.1±4.5(b)
	26.1±5.3
	23.9±4.1
	23.9±3.4


Family CHD history (%) 60.0
Mother         (%) 33.3
Father
(%) 33.3
Mother + father (%) 11.1 Sister or brother (%) 22.2
Blood pressure (mm/Hg) systolic/diastolic < 140/90 Drug user for hypertension (%) 33.3
* diets without hazelnut         (a) one subject is missing
**diet with hazelnut
(b) p < 0.05 (Repeated Measures ANOVA)
In this study 60 % of subjects have had family CHD history. Family history of CHD is known as an irreversible risk factors as much as age, sex and diabetes. Althought non of the subjects have hypertension during the study however, 33.3 % of them were on a drug therapy for hypertension.
Daily habitual physical activities of subjects are shown in table 5.
Table 5: Habitual physical activities
	Type of activites
	*IEI
	Duration (hr/day) (mean± SD)
	Energy cost of activites (kcal/hour)

	Sleeping
	1.0
	8.0 ±1.02
	8.0

	Works in sitting (TV waching, reading, office work....) Works at standing
	1.7
2.5
	12.4 ± 1.44 3.2 ±1.05
	19.9
7.3

	Walking
	3.5
	1.2 ±0.86
	4.6

	Total
	
	
	39.8 kcal/24 hour PAL =1.65


*EEI = Integrated energy indices.
The physical activitiy level (PAL) of subjects is considered as a mild activitiy, which is associated with their working status (26.7 % of them were retaired).
Biochemical findings
The mean (x±SD) values of the cholesterol, lipoproteins, Apo A and Apo B lipoproteins and homosistein data of subjects consuming cholesterol lowering individual standart diets (according to their daily needs which are 1st and 3rd diet periods) and hazelnut diets (2nd period) are given in table 6, distrubution of the subjects according to the blood lipids and lipoproteins are given in table 7 and the cholesterol LDL-C, VLDL-C, HDL-C, and tnacylglycerol responses to the diets without and with hazelnuts diets are compared in table 8 and figure 1,2.
Table 6: Blood lipids and lipoproteins level (Mean±SD)
	
	Initial 0*15)
	Diet
1* (4wks) (n:15)
	Periods 2** (4wks) (a-15)
	3* (4wks) ■ (n:14)

	AK§ mg/dL
	93.9±9.9
	89.5±12.2
	27.5±9.1
	87.6±9.1

	Total cholesterol (mg/dL)
	241.2*22.2
	227.2±25.3
	228.5±26.7
	222.7±28.1

	LDL-C (mg/dL)
	157.3±22.8
	148.3±20.3
	153.2±18.8
	143.4±27.6

	VLDL-C (mg/dL)
	33.9±1.86
	30.9±1.95
	26.3±1.51
	28.2±1.66

	HDL-C (mg/dL)
	43.4±10.0
	42.9±11.9
	49.4±12.2
	43.9±10.0

	TG (mg/dL)
	203.3±1.86
	178.6±1.82
	138.6±1.51
	157.9±1.7

	Apo A (mg/dL)
	133.4±18.7
	128.8±12.7
	133.8±20.7
	129.2±20.6

	Apo B (mg/dL)
	136,8*21.3
	129.5±23.7
	122.5±17.5
	126.U26.8

	Homosistein (umol/dL)
	14.64±3.3
	13.01±3.7
	13.49±3.6
	13.29±2.6


* diets without hazelnut ** diet with hazelnut
Table 8: Individual differences of blood lipids and lipoproteins in hazel nut diet period.
	
	T. Kolesterol (150-200 mg/dL)
	

	To initial
	12.7 mg 4-
	% 5.3 4
	P= 0.05

	To 1st period
	1.3 t
	% 0.6 T
	

	To 3rd period
	5.8 T
	% 2.6 t
	

	
	LDL-C (5-160 mg/dL)
	

	To initial
	4.1 mg 4
	% 2.62 4
	

	To 1st period
	4.9 mg t
	% 3.3 T
	

	To 3rd period
	9.8 mg t
	% 6.8 f
	

	
	VLDL-C (10-40
	mg/dL)
	

	To initial
	7.6 mg 4
	% 22.4 4
	P= 0.004

	To 1st period
	4.6 mg 4
	% 14.9 4
	

	To 3 rd period
	1.9 mg 4
	%6.74
	

	
	HDL-C (35-75 mg/dL)
	

	To initial
	6.0 mg t
	% 13.9 t
	P= 0.05

	To 1st period
	6.5 mg T
	%15.2T
	P= 0.002

	To 3 rd period
	5.5 mgt
	% 12.5 f
	P= 0.05

	
	TG (10-200 mg/dL)
	

	To initial
	64.8 mg 4
	% 5.3 4
	P= 0.001

	To 1st period
	40.1 mg4
	% 0.6 4
	P=0.05

	To 3 rd period
	19.3 mg4
	% 2.6 4
	

	
	Apo A (94-178 i
	ng/dL)
	

	To initial
	0.4 mg T
	% 0.3 t
	

	To 1st period
	5.0 mgt
	%3.8t
	

	To 3rd period
	4.6 mg T
	%3.5t
	

	
	ApoB (52-109r
	ng/dL)
	

	To initial
	14.3 mg 4
	10.4 4
	

	To 1st period
	7.0 mg 4
	5.4 4
	

	To 3rd period
	3.6 mg 4
	2.9 4
	

	
	Homosistein (5-15 umol/L)
	

	To initial
	1.2 umol 4
	% 7.8 4
	

	To 1st period
	0.48 umol t
	%3.5t
	

	To 3rd period
	0.2 umol T
	% 1.5 T
	

	
	AK$ (80-110 mg/dL)
	

	To initial
	6.4 mg4
	% 6.8 4
	

	To 1st period
	2 mg 4
	%2.2 4
	

	To 3rd period
	0.1 mg 4
	%o.i4
	


Without and with hazelnut diets reduced total cholesterol by ~ 5.3 % and LDL-C by ~ 3.2 %. The changes in Apo B paralled those observed for LDL-C (p> 0.05)
High MUFA (with hazelnut) diet did not lower HDL-C. There was a trend for HDL-C to be higher (~ 12.5 to 13.9 %) in subjects consuming the high MUFA diet with hazelnut than standart cholesterol lowering and low fat diet's periods (1st and 2nd periods).
Triacylglycerol concentrations were significantly higher after consumption of isocaloric low fat periods than high MUFA (hazelnut) diet. Importantly triacylglycerol concentrations were 31.9 % and 22.4 % lower when subjects consumed the high MUFA diets than the standart low cholesterol, low fat diet periods.
Discussion
Many studies in the world have shown that the level of cholesterol in the blood correlates with the risk of CFID mortality. The association between dietary cholesterol and CHD risk is not mediated by the blood total cholesterol level. Thus the 30 % increased risk of CHD is the independent additional effect higher dietary cholesterol intake over and above the risk induced by raising blood total cholesterol. This indipendent effect of dietary cholesterol may be due to some direct effect on the arterial wall or on the composition of the chylomicrons or through the formulation of unsual types of lipids. Summing the results showed that there was a mean difference of 16 mg cholesterol per 1000 kcal total diet between those who did or did not develop CHD. The relative risk in some studies showed that an increase of 200 mg of dietary cholesterol per 1000 kcal is associated with 30 % greater risk of CHD. Smoking, high blood pressure, age, body weight, physical activity and alcohol intake were also considered other relative risks, besides the blood cholesterol level for CHD (14). Cholesterol in the blood is found in structures called lipoproteins together with triacylglycerol and specific proteins. The density of lipoproteins varies depending on the content of triacylglycerol. The highest amounts of triacylglycerol are found in VLDL secreted by the liver. VLDL can lose triacylglycerol to adipose tissue and muscle, there by becoming LDL. Further loss of triacylglycerol transforms LDL into HDL. HDL appears a cholesterolscaveging function, removing excess to the liver for disposal (13, 14).
Much attention has focused on LDL because blood levels have frequently been found to correlate with CHD and likewise with levels of saturated fat. The intake of saturated fatty acids increases the levels of blood cholesterol but the mechanism is unclear. It has been suggested that thay may decrease the activity of LDL-receptors in liver cells so allowing an increase in blood levels of LDL. It is generally recommended that the intake of saturated fatty acid should be reduced to 7 % of daily energy intake (14, 33, 34).
High levels of HDL are associated with in populations with reduced risk of CHD. HDL may, therefore, be protective. Levels of LDL and HDL in the blood are affected differently by the intake of individual fatty acids (11, 13, 14).
The results of the present study provide further evidence that higher fat diets that are high in MUFAs and low in SFAs lower total and LDL cholesterol to a degree similar to that observed for a lower fat, cholesterol lowering diet (27-30). Moreover in agreement with other reports (27, 29) we showed that the high MUFA diets studied had the added benefit of not
increasing triacylglycerol concentrations, as the low cholesterol diets recommended by AHA, tends to.
The findings showed that high MUFA diet favorably affected LDL-C as well as HDL-C and triacylglycerol concentrations (30-33) has important public health implications. The signifiance of both LDL-C and HDL-C concentrations in affecting CFID risk as established. Controlled clinical trials have shown that a 1 % reduction in total and LDL-C concentrations results ~ 1.5 % decrease in the incidance of CHD (34, 35).
Moreover, the risk of CHD is increased by 2-3 % for ever 1 mg/dL (0.026 mmol/dL) decrease in HDL-C (33). Recently an elevated triacylglycerol concentration was shown to be univariate prediction of CHD (38).
An important finding reported in the present study is the hypotriaclglycerolemic effect (31.9 % to 22.4 % reduction) of a high MUFA diet with hazelnut. Specifically, when simple carbohyrate reduced and MUFA from hazelnut was increased about 5-10 % there was a significant triacylglycerol lowering effect observed.
In addition to the benefical effects on cholesterol, LDL-C and HDL-C (37), Rasmusen (39) et al showed that high MUFA diets (30 % of energy from MUFA) significantly reduced blood pressure in subjects with type 2 diabetes. All these findings collectively suggest that high MUFA diets have multiple benefits for CHD risk factors.
Uusitupa et al (35) reported that high MUFA-diet lowered cholesterol (21.6 %) and LDL-C (29.5 %) levels.
Perez et al (36) showed that high MUFA-diets (22 % and 40 %) resulted in an increase in HDL 7 % and 4 %.
Compos et al (40) reported a significant increase in both lipoprotein lipase and hepatic lipase activities in subjects consuming a high fat (46 % of energy) compared activities when consuming a low fat (24 % of energy) diet. An increasing of triaclyglycerol removal that may be due to an effect of total fat and a specific effect of MUFA. High MUFA diets may be due to a reduction in the transfer of VLDL constituents to HDL as a result of decreased production of nascent VLDL particles. We may say that the MUFA may work as lowering effect of triacylglycerol as much as increasing effect of HDL-C level.
According to the American Heart Association Concensus Panel and American Colloge of Cardiology Guidelines; the primary goal of lipid manangement is reduction of LDL-C below 100 mg/dL. (2.6 mmol/L) with secondary goals of triglycerides below 200 mg/dL (5.2 mmol/L) and increasing HDL-C to more than 40 mg/dL (42).
In this study diet high in MUFA with hazelnut nut effected to the TG level of subjects. At the begining of the study there was 13 % subjects whose TG levels below 100 mg/dL, however this figure was increased to 33.3 % with hazelnut diets and 86.7 % of subject's HDL levels was more than 40 mg/dL with hazelnut diet which were about 53.4 % at initial and 66.7 %, 64.3 % at the diets without hazelnuts.
In this study improving of endothelial functions by diet with hazelnut was also performed.
Endothelial function is measured by the assesment of vascular reactivity of various peripheral arteries by studying the changes in the diameter of the blood vessels following stimulation of the vascular andothelium with vasoactive substances or the shear stress of post ischemia increase in blood flow. Abnormalities of vascular reactivity in the peripheral circulation are known to be correlated with abnormalities of the coronary circulation.
There are several proposed mechanisms for event reduction by lipid lowering either by diet or by drugs. These include improved endothelium dependent vasodilation, stabilization of atherosclerotic lesions, reduction in inflammatory stimuli. We studied the effect of hazelnut diet on lipid parameters and their overall effect on endothelial function. As explained previously we measured the internal diameter of the brachial arter by doppler ultrasound technique before and after the ischeamic stress incuced by using a sphygmomanometers, the endothelial functional improvement did not reach a statistical significance.
The result of this study show that hazelnut which is rich in MUFA can be used in diets for daily diet planning. Moreover, because hazelnut also are rich source of other nutrients, show a marked reduction in CHD risk with frequent consumption. Consumption of nuts 5 times/wk has been shown to reduce the incidence of CHD by 50 % whereas consumption 1-4 times/wk decreased the incidence by 25 % (41). Thus, there is provocative evidence that there are cardioprotective nutrients or factors in nuts.
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