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Introduction
A low-fat and low-cholesterol diet has been proposed as 

healthful eating for decades. To lose weight and prevent or 
control heart disease millions of people have tried to follow 
this advice. But, on the other hand, despite reduction of fat 
and oils in diet, percent of obese persons and type 2 diabetes 
patients is ever increasing. Research shows that the type of fat 
in the diet rather than the total amount of fat is really linked 
with weight or disease (Beresford et al., 2006; Howard et al., 
2006). This fi nding raises a question about ˝healthful eating˝ 
guidelines concerning fat and cholesterol in diet.

Fat is important source of energy as well as a great depot 
for storing it. Moreover, fats are biologically active molecules 
that infl uence muscles respond to insulin’s signal and are an 
important part of cell membranes, controlling what gets into 
cells and what comes out. Cholesterol is a wax-like substance, 
which together with fats and oils belongs to the family of lip-
ids. It is essential to all our body cells and has a special role 
in the formation of brain cells, nerve cells and as precursor for 
estrogen, testosterone, vitamin D, and other vital compounds 
synthesis. Although some foods contribute ready-made choles-
terol, the majority of cholesterol in the body is manufactured 
by the liver.

Fat and cholesterol can’t dissolve in blood, so the bulk of 
the body’s lipids (cholesterol, phospholipids and triacylglycer-
ols), are transported in the plasma by large complexes called 
lipoproteins that mix easily with blood and fl ow with it. These 
lipoproteins consist of a core of triacylglycerols and cholester-
yl esters surrounded by a layer of amphipathic phospholipids, 
unesterifi ed cholesterol and apoproteins. The apoproteins have 
specifi c structural domains that are recognized by cell recep-
tors. All of the apoproteins have amphipathic α-helixes with 
the hydrophobic side chains facing the lipid interior of the lipo-
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Summary
Cholesterol, fats and oils belongs to the family of lipids. Lipids are important source of energy and, beside that, they are biologically active 

molecules that have many important roles in organism. Fat and cholesterol can’t dissolve in blood, so they are transported in the plasma as 
triglicerydes or by large complexes called lipoproteins. In this paper an overview of dietary lipids, sources of diffrent dietary lipids and lipopro-
tein metabolism is presented as well as adverse effects of over consumption of cholesterol and fat on body weight and health.
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Sažetak
Kolesterol, masne kiseline i ulja pripadaju u obitelj lipida. Lipidi su važan izvor energije i osim toga važne biološki aktivne molekule koje 

imaju mnoge funkcije u organizmu. Masti i kolesterol se ne mogu otapati u krvi pa se transportiraju kao trigliceridi ili u lipoproteinskim kom-
pleksima. U ovom radu prikazan je pregled masnih kiselina koje su najzastupljenije u hrani, metabolizma lipoproteina te negativnih utjecaja 
pretjerane konzumacije kolesterola  i masti na tjelesnu težinu i zdravlje.

Ključne riječi: masne kiseline, lipoproteini, kolesterol, metabolizam lipoproteina

protein and the hydrophilic residues interacting with the polar 
head groups of the phospholipids or with the aqueous solvent. 
The affi nities of the apoproteins for the surface components of 
the lipoprotein change during lipoprotein metabolism so they 
often diffuse from one lipoprotein to another. 

Lipoproteins are classifi ed according to their density (lip-
ids to proteins ratio in the complex). Lipoproteins with higher 
protein content have higher density. The lowest density lipo-
proteins are the chylomicrons followed by the chylomicron 
remnants, very low density lipoproteins VLDLs, intermediate 
density lipoproteins, IDLs, low density lipoproteins, LDLs, 
and high density lipoproteins, HDLs (Brewer et al., 1988 ). 

Saturated fatty acid and cholesterol intakes above an iden-
tifi ed UL (Tolerable Upper Intake Level) indicate a potential 
risk of an adverse health effects. There is a positive linear trend 
between total saturated fatty acid intake and total and LDL 
cholesterol concentration and increased risk of coronary heart 
disease (CHD). A UL is not set for saturated fatty acids because 
any incremental increase in saturated fatty acid intake increas-
es CHD risk. It is neither possible nor advisable to achieve zero 
percent of energy from saturated fatty acids in typical whole-
food diets. This is because all fat and oil sources are mixtures 
of fatty acids, and consuming zero percent of energy would re-
quire extraordinary changes in patterns of dietary intake, such 
as the inclusion of fats and oils devoid of saturated fatty acids, 
which are presently unavailable. Such extraordinary adjust-
ments may introduce undesirable effects (e.g., inadequate in-
takes of protein and certain micronutrients) and unknown and 
unquantifi able health risks. 

Dietary lipids and cholesterol
Dietary fat is often divided into saturated and unsaturated 

fat. It has been shown that trans and saturated fats increase 
the risk for certain diseases while monounsaturated and poly-

I. LANDEKA et al.: Croatian Journal of Food Technology, Biotechnology
and Nutrition 5 (3-4), 114-126 (2010)



CROATIAN JOURNAL OF FOOD TECHNOLOGY, BIOTECHNOLOGY AND NUTRITION

115

unsaturated fats do just the opposite. Mesnik et al. (2003) ex-
amined the effects of carbohydrates and various fats on blood 
lipid levels. In trials in which polyunsaturated and monoun-
saturated fats were eaten in place of carbohydrates, these good 
fats decreased levels of harmful LDL and increase protective 
HDL (Mensink et al., 2003). Randomized trial known as the 
Optimal Macronutrient Intake Trial for Heart Health (Omni 
Heart) showed that replacing a carbohydrate-rich diet with one 
rich in unsaturated fat, predominantly monounsaturated fats, 
lowers blood pressure, improves lipid levels, and reduces the 
estimated cardiovascular risk (Appel et al., 2005). Concern-
ing cholesterol in food, for most people, the mix of fats in the 
diet infl uences cholesterol in the bloodstream far more than 
cholesterol in food does. On the other hand, dietary cholesterol 
may act synergistically with dietary fatty acids in the media-
tion of plasma cholesterol concentrations (Connor et al., 1964; 
Hopkins, 1992; Lichtenstein et al., 1994; Oh and Miller, 1985). 
Interactive effects between dietary fatty acid composition and 
cholesterol with respect to the plasma lipoprotein response 
are still not well defi ned (Mensink and Katan, 1989; Oh and 
Miller, 1985).

Saturated Fatty Acids. 

Sources of saturated fatty acids tend to be foods of ani-
mal sources, including whole milk, cream, butter, cheese, fatty 
meats such as pork and beef (USDA/HHS, 2000), lard (and 
foods made from these including pastries, cakes and biscuits) 
and meat products (e.g., salami, pies and sausages). Certain 
oils, however, such as coconut, palm, and palm kernel oil, also 
contain relatively high amounts of saturated fatty acids. Satu-
rated fatty acids provide approximately 20 to 25 percent of en-
ergy in human milk. Human bodies can make all the saturated 
fat we need, so we do not need to intake the saturated fat at all. 
Minimizing dietary saturated fat intake has a benefi cial impact 
on serum cholesterol levels. Calories from saturated fat can be 
replaced with either unsaturated fats or carbohydrates.

Unsaturated Fatty Acids. 

Unsaturated fats are called good fats because they can 
improve blood cholesterol levels, ease infl ammation, stabilize 
heart rhythms, and play a number of other benefi cial roles. Un-
saturated fats are predominantly found in vegetable oils, nuts, 
and seeds. They are liquids at room temperature. There are two 
types of unsaturated fats: monounsaturated fats (MUFAs) and 
polyunsaturated fats (PUFAs).  

Monounsaturated fats (MUFAs) are found in high 
concentrations in canola, peanut, and olive oils; avocados; al-
monds, hazelnuts, pumpkin and sesame seeds. About 50 per-
cent of monounsaturated fatty acids are provided by animal 
products, primarily meat fat (Jonnalagadda et al., 1995). Mo-
nounsaturated fatty acids provide approximately 20 percent of 
energy in human milk. The major monounsaturated fatty acid 
in the diet is oleic acid, which contains one double bond at 
the C9. Monounsaturated fatty acids are neutral with respect 
to their effects on plasma total cholesterol concentrations (He-
gsted et al., 1965; Keys et al., 1965). Many investigators have 

shown that, when substituted for dietary saturated fatty acids, 
monounsaturated fatty acids have a hypocholesterolemic effect 
(Becker et al., 1983; Berry et al., 1992; Dreon et al., 1990; Li-
chtenstein et al., 1993; Masana et al., 1991; Mata et al., 1992; 
McDonald et al., 1989; Mensink and Katan, 1992; Valsta et al., 
1992; Wardlaw and Snook, 1990). The overall data indicate 
that monounsaturated fats do not lower LDL or HDL cholester-
ol relative to saturated fat as much as does polyunsaturated fat 
(Mattson and Grundy, 1985; Mensink and Katan, 1992; Valsta 
et al., 1992; Wardlaw and Snook, 1990). The saturated fat and 
monounsaturated fat contents of most natural diets are similar, 
and when saturated fat is restricted, the monounsaturated fat 
content of the diet decreases. 

Polyunsaturated fats (PUFAs) are found in high concen-
trations in sunfl ower, corn, soybean, and fl axseed oils, and also 
in foods such as walnuts, fl ax seeds, and fi sh. Dietary PUFAs 
are subclassifi ed as ω-6 and ω-3, indicating the location of the 
carbon involved in the fi rst double bond from the omega end 
of the carbon chain. The major ω-6 fatty acid in the diet is α-li-
noleic acid, which serves as the precursor for arachidonic acid 
(20:4n-6), which has important biological effects in the body. 
α-Linoleic acid is not synthesized by the body and is therefore 
an essential fatty acid. The other major essential fatty acid in 
the diet is α-linolenic acid (18:3n-3). This fatty acid can be rap-
idly converted in the body to eicosapentaenoic acid (20:5n-3), 
which can be further elongated, desaturated, and oxidized to 
docosahexaenoic acid (22:6n-3) (Siguel et al., 1987). Linoleic 
acid clearly has a hypocholesterolemic effect when substituted 
for dietary saturated fatty acids, reducing both LDL and HDL-
cholesterol concentrations. However, dietary arachidonic acid 
has little or no effect on plasma lipoprotein concentrations 
(Nelson et al., 1997). Sources of ω-6 polyunsaturated fatty ac-
ids include nuts, seeds, certain vegetables, and vegetable oils 
such as soybean oil, saffl ower oil, and corn oil. Certain oils, 
such as blackcurrant seed oil and evening primrose oil, are 
high in γ-linolenic acid (18:3n-6). Arachidonic acid is formed 
from linoleic acid in animal cells, but not plant cells, and is 
present in the diet in small amounts in meat, poultry, and eggs. 
Arachidonic acid is not present in plant-derived fats and oils. 
Most (approximately 85 to 90 percent) ω-6 polyunsaturated 
fatty acids are consumed in the form of linoleic acid. Other 
ω-6 polyunsaturated fatty acids, such as arachidonic acid and 
γ-linolenic acid, are present in small amounts in the diet. ω-3 
fats are an important type of polyunsaturated fat the human 
body can’t make, so they must come from food. The major 
sources of ω-3 fatty acids include certain vegetable oils and 
fi sh (Kris-Etherton et al., 2000). Vegetable oils such as soybean 
and fl axseed oils contain high amounts of α-linolenic acid. Fish 
oils provide a mixture of eicosapentaenoic acid (EPA) and do-
cosahexaenoic acid (DHA), so fatty fi sh are the major dietary 
sources of EPA and DHA. Smaller amounts are also present 
in meat and eggs. ω-3 Fatty acids found in fi sh oil, especially 
eicosapentaenoic acid, lower triacylglycerol concentrations 
signifi cantly and reduce coronary heart disease risk as well, 
in part, independently of their infl uence on lipoprotein con-
centrations (Chee et al., 1990; Harris, 1997). Specifi cally, high 
intakes of ω-3 fatty acids are associated with lower platelet ag-
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gregation, blood pressure, and immune response (Endres et al., 
1989; Lichtenstein et al., 1990; Meydani et al., 1993; Norris et 
al., 1986; Urakaze et al., 1987). 

Trans Fatty Acids
A relatively new concern involves the concentration of 

trans fatty acids in the diet (Lichtenstein et al., 1993; Lichten-
stein et al., 1999; Mensink and Katan, 1990; Zock and Katan, 
1992). Trans Fatty acids are formed during the hydrogenation 
process that converts vegetable oils to a semisolid state. Dur-
ing this process, α-linoleic acid (18:2n-6) is converted to ei-
ther stearic acid, oleic acid, or elaidic acid. Elaidic acid (trans 
18:1n-9) is the principal trans fatty acid in the diet. Reports 
listing the trans fatty acid level in selected food items are avail-
able from the United States (Enig et al., 1990; Litin and Sacks, 
1993; Michels and Sacks, 1995) and Europe (Aro et al., 1998a, 
1998b, 1998c; van Erp-Baart et al., 1998; van Poppel et al., 
1998). More recently, a comprehensive U.S. database was com-
piled by the U.S. Department of Agriculture (ARS, 2001) that 
included a description of the methodology used to formulate 
the nutrient values (Schakel et al., 1997). Trans fatty acids are 
present in foods containing traditional stick margarine (3.04 
g trans fatty acids/serving) and vegetable shortenings (2.54 
g/serving) that have been subjected to hydrogenation, as well 
as in milk (0.22 g/serving), butter (0.40 g/serving) and meats 
(0.01 to 0.21 g/serving) (Emken, 1995). Human milk contains 
approximately 1 to 5 percent of total energy as trans fatty ac-
ids and similarly, infant formulas contain approximately 1 to 
3 percent (Ratnayake et al., 1997). Estimating the amount of 
trans fatty acids in the food supply has been hampered by the 
lack of an accurate and comprehensive database from which 
to derive the data and the trend towards the reformulation of 
products over the past decade to reduce levels. This latter issue 
complicates analysis of historical food intake data. Additional-
ly, the variability in the trans fatty acid content of foods within 
a food category is extensive and can introduce substantial er-
ror when the calculations are based on food frequency ques-
tionnaires that heavily rely on the grouping of similar foods 
(Innis et al., 1999). Early reports suggested a wide range of 
trans fatty acid intakes, from 2.6 to 12.8 g/d (Emken, 1995). 
The lower estimated intakes tended to be derived from food 
frequency data, whereas the higher estimated intakes tended 
to be derived from food availability data. Studies have shown 
that, compared with diets enriched in linoleic or oleic acid, di-
ets enriched in elaidic acid do not have a benefi cial effect on 
the plasma lipoprotein profi le, elevating LDL-cholesterol and 
reducing HDL-cholesterol concentrations (Judd et al., 1994; 
Judd et al., 1998; Lichtenstein et al., 1993; Lichtenstein et al., 
1999; Mensink and Katan, 1990; Mensink et al., 1992; Nestel 
et al., 1992; Zock and Katan, 1992). There is also evidence 
that increased trans fatty acid consumption, in contrast with 
consumption of saturated fat, increases plasma concentrations 
of lipoprotein(a), an independent risk factor for coronary heart 
desease (CHD) (Judd et al., 1998; Lichtenstein et al., 1999; 
Mensink et al., 1992).

Conjugated Linoleic Acid
The average concentration of conjugated linoleic acid 

(CLA) in dairy products and ruminant meats is approximately 
5 mg of CLA/g of fat (Chin et al., 1992). Although numerous 

CLA isomers have been reported to be found in meat, milk, 
and dairy products (Ha et al., 1989), the cis-9,trans-11 isomer 
is the predominant form of CLA present in these foods (Ma 
et al., 1999). The conjugated linoleic acid content of milk can 
vary depending on a number of factors, such as animal feed 
diet, pasture grazing, supplement use, and number of lacta-
tions (MacDonald, 2000). Ma and coworkers (1999) reported 
values of 1.8 mg of CLA/g of fat for skim milk, 3.4 mg/g for 
whole milk, 4.3 mg/g for 1 percent milk, 5.0 mg/g for 2 percent 
milk, and 5.5 mg/g for half-and-half cream. In addition, values 
ranged from 2.7 to 6.2 mg of CLA/g of fat for various cheeses 
and 1.2 to 3.2 mg of CLA/g of fat for different types of raw and 
cooked beef products.

Dietary cholesterol
Some foods (eggs, liver, kidney and prawns) naturally 

contain cholesterol (dietary cholesterol). The cholesterol found 
in foods in most cases does not infl uence blood cholesterol lev-
els as much as the amount and type of fat eaten, but some peo-
ple might be sensitive to high cholesterol intakes. Minimizing 
dietary saturated fat intake has a benefi cial impact on serum 
cholesterol levels.

Lipoprotein and triglycerides metabolism
Fat and cholesterol can’t dissolve in blood, so the body’s 

lipids are transported in the form of plasma lipoproteins or trig-
lycerides. Lipoproteins are classifi ed according to their density 
to chylomicrons, chylomicron remnants, very low density li-
poproteins (VLDLs), intermediate density lipoproteins (IDLs), 
low density lipoproteins (LDLs), and high density lipoproteins 
(HDLs) (Brewer et al., 1988 ). 

Chylomicrons
Dietary lipids are carried from the intestinal mucosa cells 

to other tissues by lipoproteins called chylomicrons. The prin-
ciple apoproteins of nascent chylomicrons are apo B-48, apo 
A-I, apo A-II and apo-AIV. Apo B-48 is essential for chylomi-
cron formation in the intestine. Apo B-48 is combined with 
lipid by the action of microsomal transfer protein. In circula-
tion, the nascent chylomicrons acquire apo-C and apo-E from 
plasma HDL in exchange for phospholipids (Cohn et al., 1988; 
Cohn et al., 1993; Lichtenstein et al., 1992; Welty et al., 1999). 
apo-CII activate membrane bound lipoprotein lipase, LPL lo-
cated on adipose and muscle tissues and bind chylomicrons 
to it. The fatty acids transported to the adipose cell are bound 
again into triacylglycerols and stored, while in the muscle the 
fatty acids are oxidized to provide energy. As the tissues absorb 
the fatty acids, the chylomicrons are reduced to cholesterol en-
riched remnants. As the chylomicron shrinks it transfers part of 
its phospholipids and apoproteins A and C to HDL. The apo-C 
proteins are continuously recycled between chylomicrons and 
HDL. The remnants lacking apo A and C proteins do not bind 
to the LPLs in the capillaries and are rapidly taken up by the 
liver via receptors that bind apo E (Welty et al., 1999).

Very Low Density Lipoproteins (VLDL)
The liver synthesizes fatty acids and cholesterol and 

packages them for transport in the blood plasma in VLDLs. 
Normally the cholesterol is unesterifi ed and found as a surface 
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component of the lipoprotein. Apo B-100 is the major protein 
of VLDL. Apo B-100 is combined with lipid in the liver by the 
action of microsomal transfer protein (Cohn et al., 1988; Cohn 
et al., 1993; Lichtenstein et al., 1992; Welty et al., 1999). 

The nascent VLDL acquires apo-C and E from HDL. 
VLDLs bind to the same membrane bound lipoprotein lipases 
(LPLs) located on adipose and muscle tissues as chylomicrons 
do. As the tissues absorb the fatty acids, the VLDLs progres-
sively shrink to IDL and transfers a substantial portion of its 
phospholipids and apoprotein C to HDL. IDLs bind to recep-
tors of liver cells where they are absorbed, or they can be fur-
ther catabolized by LPLs, eventually loosing apo-E to form 
LDLs.

Low-density lipoproteins (LDL)

Low-density lipoproteins (LDL) is the major cholesterol-
carrying lipoprotein that carry cholesterol from the liver to the 
rest of the body (Welty et al., 1999). The sole protein of LDL 
is Apo B-100. LDL is cleared from plasma in part through the 
action of the LDL receptor (LDLR) by both the liver and pe-
ripheral cells. The LDLR has fi ve functionally distinct regions: 
an N-terminal ligand-binding region, an epidermal growth 
factor (EGF)-precursor homology region, a region containing 
O-linked sugars, a transmembrane domain and a C-terminal 
cytosolic domain (Francke et al., 1984; Sudhof et al., 1985). 
The ligand-binding region consists of seven cysteine rich re-
peats (R1–R7), so-called LDLR class A repeats (LDL-A, also 
known as complement-type repeats) (Sudhof et al., 1985). Be-
sides LDL, the LDLR can bind VLDL particles that contain 
several copies of the apoE protein in addition to cholesteryl 
esters and a single apoB-100 molecule. The structural require-
ments for binding LDL and VLDL differ: LDL binds its recep-
tor via apoB-100, VLDL via apoE. The second region in the 
LDLR shows homology to the EGF-precursor protein (Russell 
et al., 1984). Deletion of the EGF-precursor homology region 
does not affect VLDL binding, but instead prevents the acid-
dependent dissociation of ligand in endosomes (Davis et al., 
1987). The third region in the LDLR ectodomain is enriched in 
serine and threonine residues that function as acceptor sites for 
O-linked sugars. The role of O-linked glycosylation in LDLR 
function is still unclear. LDLR molecules lacking this region 
behave like wild-type receptors with respect to ligand binding, 
endocytosis and degradation (Davis et al., 1986). Possibly, gly-
cosylation may protect the receptor from denaturation during 
recycling through the slightly acidic endosomal compartments 
(Tyko et al., 1982). Furthermore, O-glycosylation may modu-
late the rate of proteolytic cleavage by metalloproteases at the 
cell surface since variants of VLDLR lacking the O-linked gly-
cosylation region are more prone to proteolytic cleavage than 
their full-length counterparts (Magrane et al., 1999; May et al., 
2003). A hydrophobic domain of 24 amino acids anchors the 
LDLR in the lipid bilayer. Endocytosis and intracellular trans-
port of the LDLR are regulated via its cytosolic domain.

After binding LDL the LDL receptors migrate to areas 
of the plasma membrane coated with the clathrin on the cyto-

plasmic side of it. The clathrin proteins promote endocytosis. 
Once the vesicle is inside of the cell, the clathrin spontane-
ously dissociates from the endosomal vesicle, and lowered pH 
of the vesicle results in LDL dissociation from the receptor. 
The LDL receptors are recycled to the cell surface. The vesicle 
fuses with a lysosome which then degrades the lipoprotein to 
its primary components, fatty acids, glycerol, cholesterol and 
amino acids. The cholesterol is incorporated into the intracel-
lular cholesterol pool which is used for membrane or steroid 
synthesis. The liver also absorbs LDLs by the same endocyto-
sis mechanism. Approximately 75% of the LDLs are absorbed 
by the liver.

When there is too much LDL cholesterol in the blood, 
these particles can form deposits in the walls of the coronary 
and other arteries. Such deposits narrow arteries and limit blood 
fl ow. When deposits breaks apart, it can cause a heart attack or 
stroke. Because of this, LDL cholesterol is often referred to as 
bad, or harmful, cholesterol. 

High-density lipoproteins (HDL)

High-density lipoproteins (HDL) scavenge cholesterol 
from the bloodstream, from LDL, and from artery walls and 
ferry it back to the liver for disposal, so HDL cholesterol is 
often referred to as good, or protective, cholesterol. HDLs are 
secreted by liver and intestinal cells. The primary function of 
HDLs is to remove excess cholesterol and carry it to the liver 
to be metabolized into bile salts. HDL contains enzymes that 
either esterify cholesterol or transfer cholesteryl esters. Apo A-
I is essential for HDL formation because in its absence no HDL 
is present in plasma (Lamon-Fava et al., 1987; Ordovas et al., 
1989; Schaefer et al., 1982; Schaefer et al., 1984; Schaefer et 
al., 1985). The liver and intestine synthesize apolipoprotein 
A-I (apo A-I), which can interact with the adenosine triphos-
phate–binding cassette transporter A1 (ABCA1) located on 
the arterial macrophages, transporting free cholesterol to the 
extracellular HDL. Lipidation of the HDL particles generates 
nascent HDL (Curtiss et al., 2006). Subsequently, lechithin-
cholesterol transferase (LCAT), enzyme that circulates with 
HDL, esterifi es free cholesterol within nascent HDL with long 
chain fatty acids from phospholipids to produce mature HDL 
particles. These mature HDL particles can further take up free 
cholesterol. LCAT thus facilitating the storage and transport 
of excess cholesterol. Mature HDL has at least 2 metabolic 
fates. In the direct pathway, cholesteryl esters contained within 
HDL can undergo selective uptake by hepatocytes and steroid 
hormone–producing cells via the scavenger receptor type B1 
and subsequent excretion into the bile (Lewis and Rader, 2005; 
Meyers and Kashyap, 2004). In the indirect pathway, choles-
teryl esters within HDL can be exchanged for triglycerides in 
apolipoprotein B–rich particles (LDL and VLDL) through the 
action of cholesteryl ester transfer protein (CETP), which is 
another peripheral protein that circulates with HDL. CETP pro-
motes the net transfer of cholesterol esters from HDL to LDL, 
IDL and VLDL. This process transforms VLDLs and IDLs into 
LDLs. The triglyceride-rich HDLcan then undergo hydrolysis 
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by hepatic lipase and endothelial lipase to form small HDL for 
further participation in transport (Lewis and Rader, 2005) 

In addition to its major role in reverse cholesterol trans-
port, HDL has other biological activities. These include anti-
oxidant (counteracting LDL oxidation) effects, anti-infl amma-
tory effects, antithrombotic/profi brinolytic (reducing platelet 
aggregation and coagulation) effects, and vasoprotective (fa-
cilitating vascular relaxation and inhibiting leukocyte chemo-
taxis and adhesion) effects (Assmann and Gotto, 2004; Chap-
man et al., 2004; Navab et al., 2004; Shah et al., 2001). 

Triglycerides
Triglycerides make up most of the fat from food that trav-

els through the bloodstream. As the body’s main vehicle for 
transporting fats to cells, triglycerides are important for good 
health. But an excess of triglycerides can be unhealthy too. 

Fasting triacylglycerol concentrations increase sig-
nifi cantly with age: by 80% between the ages of 20 and 50 
(Schaefer et al., 1995). LDL-cholesterol concentrations also 
increase, by 30% (Schaefer et al., 1995). The reasons for these 
alterations and delayed chylomicron remnant clearance in the 
elderly compared with the young are elevated VLDL apo B-
100 secretion and delayed LDL apo B-100 clearance, account-
ing for the increases in triacylglycerol and LDL cholesterol 
(Krasinski et al., 1990; Millar et al., 1995). In the very eld-
erly, both triacylglycerol and LDL cholesterol are signifi cantly 
lower than in middle-aged persons due to decreased apo B-100 
production in these subjects (Schaefer et al., 1995). It is well 
known that women have signifi cantly higher concentrations of 
HDL cholesterol and apo A-I than do men, and premenopausal 
women also have higher apo A-I secretion rates than do men 
(Schaefer et al., 1982). Estrogen increases HDL apo A-I pro-
duction and liver APOA1 gene expression (Lamon-Fava et al., 
1999; Schaefer et al., 1983). Shematic owerwiew of lipopro-
tein metabolism is shown in Fig.1 (Schaefer, 2002).

Adverse Effects of Over Consumption of
Cholesterol and Fat

The Effects of Dietary Cholesterol on Plasma Total, HDL, 
and LDL Cholesterol Concentrations. 

Numerous studies in humans have examined the effects of 
dietary cholesterol on plasma total and lipoprotein cholesterol 
concentrations, and empirical formulas have been derived to 
describe these relationships. Between 1957 and 1993, Keys and 
Hegsted independently developed several equations to predict 
changes in total-C and LDL-C that would accompany changes 
in dietary fat and cholesterol intake (Hegsted et al., 1965; Heg-
sted et al., 1986; Hegsted et al., 1993; Keys et al., 1957; Keys et 
al., 1965; Keys et al., 1984). Each of these predictive equations 
consistently suggested that polyunsaturated fats lowered serum 
total-C and LDL-C levels, whereas monounsaturated fats had 
a neutral effect. These fi ndings were challenged in 1985 when 
Mattson and Grundy reported results indicating that both types 
of unsaturated fat lowered LDL-C levels when they replaced 
saturated fat. Their results also indicated that polyunsaturated 
fat lowered HDL-C, whereas monounsaturated did not. This 
study is now frequently cited as evidence that monounsaturated 
are preferred over polyunsaturated (Artaud-Wild et al., 1993; 
Garg et al., 1994; Reaven et al., 1993). Although most studies 
have reported a linear relationship between changes in dietary 
cholesterol and total serum cholesterol concentration, other 
studies, including a meta-analysis of 27 controlled metabolic 
feeding studies of added dietary cholesterol (Hopkins, 1992), 
have indicated a curvilinear univariate relationship that is qua-
silinear in the range from 0 to 300 to 400 mg/d of added dietary 
cholesterol. The range of added dietary cholesterol in the stud-
ies was 17 to 4,800 mg/d. The meta-analysis also identifi ed 
a diminishing increment of serum cholesterol with increasing 
baseline dietary cholesterol intake. With a baseline cholesterol 

intake of 0, the estimated increases in serum 
total cholesterol concentration for intakes from 
100 to 400 mg/d of added dietary cholesterol 
were 0.16 to 0.51 mmol/L, whereas for a base-
line cholesterol intake of 300 mg/d, the esti-
mated increases in serum total cholesterol were 
0.05 to 0.16 mmol/L (Hopkins, 1992). Another 
meta-analysis showed that dietary cholester-
ol raises the ratio of total cholesterol to high 
density lipoprotein (HDL) cholesterol, there-
fore adversely affecting the cholesterol profi le 
(Weggemans et al., 2001).

Other predictive formulas for the effect of 
100 mg/d of added dietary cholesterol, which 
did not consider baseline cholesterol intake 
and are based on compilations of studies with a 
variety of experimental conditions, have yield-
ed estimates of 0.1 mmol/L (Hegsted, 1986), 
0.057 mmol/L (Howell et al., 1997), and 0.065 
mmol/L (Clarke et al., 1997), the latter two 
involving meta-analyses with adjustment for 
other dietary variables. Furthermore, pooled 
analyses of the effects of 100 mg/d of added Figure 1. Shematic owerwiew of lipoprotein metabolism (Schaefer, 2002).
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dietary cholesterol on plasma lipoprotein cholesterol concen-
trations (Clarke et al., 1997) indicated an estimated increase of 
0.05 mmol/L in low density lipoprotein (LDL) and 0.01 mmol/
L in HDL (ratio of 5 LDL:1 HDL). There is evidence that the 
increase in HDL is largely accounted for by higher levels of 
apoE-containing HDL particles (Mahley et al., 1978), but the 
signifi cance in atherosclerosis protection is not established. 
Hegsted and coworkers (1993) reported that the majority of 
the increase in serum total cholesterol concentration with in-
creased cholesterol intake was due to an increase in LDL cho-
lesterol concentration.

There is increasing evidence that genetic factors underlie 
a substantial portion of interindividual variation in response 
to dietary cholesterol. An instructive case is that of the Tara-
humara Indians, who in addition to consuming a diet low in 
cholesterol, have both low intestinal cholesterol absorption and 
increased transformation of cholesterol to bile acids (McMurry 
et al., 1985). However, with an increase in dietary cholesterol 
from 0 to 905 mg/d, their average plasma cholesterol concen-
tration increased 0.88 mmol/L (from 2.92 to 3.8 mmol/L), the 
same value predicted by the formula of Hopkins (1992), indi-
cating the likelihood of above-average responsiveness of other 
aspects of cholesterol or lipoprotein metabolism.

Variations in several genes have been associated with al-
tered responsiveness to dietary cholesterol. The common E4 
polymorphism of the apoE gene has been associated with in-
creased cholesterol absorption (Kesäniemi et al., 1987) and 
with increased plasma LDL cholesterol response to dietary 
saturated fat and cholesterol in some, but not all studies (Dreon 
and Krauss, 1997). The recent fi nding that apoE is of impor-
tance in regulating cholesterol absorption and bile acid forma-
tion in apoE knockout mice lends support to a possible role for 
this gene in modulating dietary cholesterol responsiveness in 
humans. The A-IV-2 variant allele of the apo A-IV gene has 
been found to attenuate the plasma cholesterol response to di-
etary cholesterol (McCombs et al., 1994). Recently, the A-IV-2 
allele has been associated with reduced intestinal cholesterol 
absorption in diets high in polyunsaturated fat but not in diets 
high in saturated fat (Weinberg et al., 2000). However, this has 
not been confi rmed in other studies (Weggemans et al., 2000). 
Finally, the recent discovery that defects in the ABCG5 and 
ABCG8 genes can lead to markedly increased intestinal absorp-
tion of both cholesterol and plant sterols (Berge et al., 2000) 
points to the possibility that more common variants of these 
genes may contribute to variation in cholesterol absorption and 
dietary cholesterol response in the general population.

There are numerous other candidate genes that could 
modulate plasma lipid and lipoprotein response to dietary cho-
lesterol by affecting cholesterol absorption, cellular cholesterol 
homeostasis, and plasma lipoprotein metabolism. Among the 
most likely candidates are those regulated by lipid-responsive 
nuclear transcription factors, including sterol regulatory ele-
ment-binding proteins, peroxisome proliferator-activated re-
ceptors, and orphan nuclear receptors. Studies in animal models 
have generated data in support of the possibility that variations 
among these genes may be of importance in infl uencing di-
etary cholesterol response in humans, but to date such human 
data are lacking. Nevertheless, the existence of marked inter-

individual variability in dietary cholesterol response among 
and within various animal models points to the likelihood that 
some of the mechanisms underlying this variability will also 
apply to humans.

The Effects of Dietary Total Fat on Plasma Total, HDL,
and LDL Cholesterol Concentrations. 

A Tolerable Upper Intake Level (UL) was not set for total 
fat because of the lack of a defi ned intake level at which an ad-
verse effect, such as obesity, can occur. An Acceptable Macro-
nutrient Distribution Range (AMDR) for fat intake, however, 
has been estimated based on adverse effects from consuming 
low fat and high fat diets. Several hundred studies have been 
conducted to assess the effect of saturated fatty acids on serum 
cholesterol concentration. In general, the higher the intake of 
saturated fatty acids, the higher the serum total and low den-
sity lipoprotein (LDL) cholesterol concentrations. Regression 
analyses of such studies have suggested that for each 1 percent 
increase in energy from saturated fatty acids, serum LDL cho-
lesterol concentration increases by 0.033 mmol/L (Mensink 
and Katan, 1992), 0.036 mmol/L (Clarke et al., 1997), or 0.045 
mmol/L (Hegsted et al., 1993). Although all fats will increase 
serum high density lipoprotein (HDL) cholesterol concentra-
tion relative to carbohydrate, the increase attributable to satu-
rated fats is greater than that observed for monounsaturated 
and polyunsaturated fatty acids. Serum HDL cholesterol con-
centration increases by 0.011 to 0.013 mmol/L for each 1 per-
cent increase in saturated fat (Clarke et al., 1997; Hegsted et 
al., 1993; Mensink and Katan, 1992).

The Effects of Dietary Elevated LDL Cholesterol
Concentration and Risk of CHD.

Similar to that observed for saturated fatty acid intake and 
LDL cholesterol concentration, there is a positive linear rela-
tionship between serum total and LDL cholesterol concentra-
tions and risk of coronary heart disease (CHD) (Jousilahti et 
al., 1998; Neaton and Wentworth, 1992; Sorkin et al., 1992; 
Stamler et al., 1986; Weijenberg et al., 1996). It has been esti-
mated that a 10 percent reduction in serum cholesterol concen-
tration would reduce CHD mortality by 20 percent (Jousilahti 
et al., 1998).

A number of epidemiological studies have reported an as-
sociation between saturated fatty acid intake and risk of CHD. 
The majority of these studies have reported a positive relation-
ship between saturated fatty acid intake and risk of CHD and 
CHD mortality (Goldbourt et al., 1993; Hu et al., 1997, 1999a, 
1999c; Keys et al., 1984; McGee et al., 1984). 

Although all saturated fatty acids were originally consid-
ered to be associated with increased adverse health outcomes, 
including increased blood cholesterol concentrations, it later 
became apparent that saturated fatty acids differ in their meta-
bolic effects (e.g., potency in raising blood cholesterol con-
centrations). In general, stearic acid has been shown to have 
a neutral effect on total and LDL cholesterol concentrations 
(Bonanome and Grundy, 1988; Denke, 1994; Yu et al., 1995; 
Zock and Katan, 1992). While palmitic, lauric, and myristic ac-
ids increase cholesterol concentrations (Mensink et al., 1994), 
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stearic acid is more similar to oleic acid in its neutral effect 
(Kris-Etherton et al., 1993). Furthermore, a stearic acid-rich 
diet has been shown to improve thrombogenic and atherogenic 
risk factor profi les (Kelly et al., 2001). However, it is impracti-
cal at the current time to make recommendations for saturated 
fatty acids on the basis of individual fatty acids.

The World Health Organization (WHO) has estimated that 
amongst Europeans the average total cholesterol levels in men 
are about 4.5 mmol/l and in women, average total cholesterol 
levels are around 4.6 mmol/l (WHO, 2006). For most people, 
the recommended total cholesterol level is <5.0 mmol/l, but for 
people who already have some degree of cardiovascular dis-
ease, this recommended level is <4.5 mmol/l (Policy Analysis 
Centre, 2007). There are several factors that infl uence blood 
cholesterol levels. Eating a balanced diet, being of healthy 
weight and keeping physically active, in particular, can help to 
keep cholesterol levels normal. Minimizing dietary saturated 
fat intake has a benefi cial impact on serum cholesterol levels. 
Calories from saturated fat can be replaced with either unsatu-
rated fats or carbohydrates. Concerning unsaturated fats, it is 
currently unclear whether monounsaturated or polyunsaturated 
are preferable for optimal serum lipid levels. Foods containing 
unsaturated fats include vegetable and seed oils and spreads 
(e.g., rapeseed oil, olive oil, soya spread), oily fi sh (e.g., mack-
erel, salmon and herring), nuts and avocado. 

Another type of fat, trans fat, is sometimes found in foods 
that contain partially hydrogenated fats (e.g., some pastry and 
biscuits), although many companies in Europe have reduced 
levels of trans fats in their products to a minimum. Trans fats 
can raise LDL (bad) cholesterol levels. Unlike saturated fats, 
trans fats also lead to a fall in HDL (or good) cholesterol and 
raise blood triglyceride levels, both of which are associated 
with an increased risk of CHD. These negative effects may 
occur with long-term intakes of trans fats of 5-10 g per day 
(Hunter, 2006; Stender et al., 2006). In addition to the type of 
fat we eat, other foods can also help to keep cholesterol levels 
healthy. Eating plenty of fruits and vegetables, foods contain-
ing soluble fi bre (e.g., oats, lentils, beans and peas), tree nuts 
(e.g., almonds) and soya can be useful. Products containing 
added plant stanols or plant sterols are designed for people who 
have excessive cholesterol levels and are not necessary for 
people with healthy cholesterol levels. Eating a healthy low-fat 
diet, including a ‘portfolio’ of the foods mentioned above, can 
reduce cholesterol levels by up to 20% (Jenkins et al., 2005). 
Foods that can lower cholesterol and protect heart are:  

1. Oatmeal, oat bran and high-fi ber foods - Oatmeal 
contains soluble fi ber, which reduces low-density lipoprotein 
(LDL), the “bad” cholesterol. Soluble fi ber is also found in 
such foods as kidney beans, apples, pears, barley and prunes. 
Soluble fi ber can reduce the absorption of cholesterol into 
bloodstream. Five to 10 grams or more of soluble fi ber a day 
decreases total and LDL cholesterol (Flight et al., 2006). 

2. Fish and ω-3 fatty acids - Eating fatty fi sh can be heart-
healthy because of its high levels of ω-3 fatty acids, which can 
reduce blood pressure and risk of developing blood clots. In 
people who have already had heart attacks, fi sh oil or ω-3 fatty 
acids reduces the risk of sudden death. Doctors recommend 
eating at least two servings of fi sh a week. The highest levels of 

ω-3 fatty acids are in: Mackerel, Lake trout, Herring, Sardines, 
Albacore tuna, Salmon and Halibut. 

3. Walnuts, almonds and other nuts - Walnuts, almonds 
and other nuts can reduce blood cholesterol. Rich in polyunsat-
urated fatty acids, walnuts also help keep blood vessels healthy. 
According to the Food and Drug Administration, eating about 
a handful (42.5 grams) a day of most nuts, such as almonds, 
hazelnuts, peanuts, pecans, some pine nuts, pistachio nuts and 
walnuts, may reduce risk of heart disease (Kris-Etherton et al., 
2008; King et al., 2008). 

4. Olive oil - Olive oil contains a potent mix of antioxi-
dants that can lower “bad” (LDL) cholesterol but leave “good” 
(HDL) cholesterol untouched. The Food and Drug Administra-
tion recommends using about 2 tablespoons (23 grams) of ol-
ive oil a day in place of other fats in diet to get its heart-healthy 
benefi ts (Covas et al., 2006; Covas et al., 2008). 

5. Foods with added plant sterols or stanols - Foods are 
now available that have been fortifi ed with sterols or stanols 
- substances found in plants that help block the absorption of 
cholesterol. Margarines, orange juice and yogurt drinks with 
added plant sterols can help reduce LDL cholesterol by more 
than 10 percent. The amount of daily plant sterols needed for 
results is at least 2 grams. Plant sterols or stanols in fortifi ed 
foods don’t appear to affect levels of triglycerides or of high-
density lipoprotein (HDL), the “good” cholesterol (Fassbender 
et al., 2008; Abumweis et al., 2008).

Obesity.

A number of studies have attempted to ascertain the re-
lationship between saturated fatty acid intake and body mass 
index, and these results are mixed. Saturated fatty acid intake 
was shown to be positively associated with body mass index or 
percent of body fat (Doucet et al., 1998; Gazzaniga and Burns, 
1993; Larson et al., 1996; Ward et al., 1994). In contrast, no 
relationship was observed for saturated fatty acid intake and 
body weight (González et al., 2000; Ludwig et al., 1999; Miller 
et al., 1994).

Impaired Glucose Tolerance and Risk of Diabetes. 

Epidemiological studies have been conducted to ascertain 
the association between the intake of saturated fatty acids and 
the risk of diabetes. A number of these studies found no rela-
tionship (Colditz et al., 1992; Costa et al., 2000; Salmerón et 
al., 2001; Sevak et al., 1994; Virtanen et al., 2000). Several 
large epidemiological studies, however, showed increased risk 
of diabetes with increased intake of saturated fatty acids (Fes-
kens et al., 1995; Hu et al., 2001; Marshall et al., 1997; Parker 
et al., 1993). The Normative Aging Study found that a diet high 
in saturated fatty acids was an independent predictor for both 
fasting and postprandial insulin concentration (Parker et al., 
1993). A reduction in saturated fatty acid intake from 13.9 to 
7.8 percent of energy was associated with an 18 percent de-
crease in fasting insulin and a 25 percent decrease in postpran-
dial insulin concentrations.

Findings from short-term intervention studies tend to sug-
gest a lack of adverse effect of saturated fatty acids on risk indi-
cators for diabetes in healthy individuals. Postprandial glucose 
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and insulin concentrations were not signifi cantly different in 
men who ingested three different levels of saturated fatty acids 
(Roche et al., 1998). Fasching and coworkers (1996) reported 
no difference in insulin secretion or sensitivity in men who 
consumed a 33 percent saturated, monounsaturated, or polyun-
saturated fatty acid diet. There was no difference in postpran-
dial glucose or insulin concentration when healthy adults were 
fed butter or olive oil (Thomsen et al., 1999). Louheranta and 
colleagues (1998) found no difference in glucose tolerance and 
insulin sensitivity in healthy women fed either a high oleic or 
stearic acid diet. In contrast, results of the study indicate that 
consumption of high levels (18 percent of energy) of saturated 
fats can signifi cantly impair insulin sensitivity (Vessby et al., 
2001).

Conclusions
Fatty acids are important source of energy and biologi-

cally active molecules. Cholesterol is essential to all our body 
cells and has a special role in the formation of brain cells, 
nerve cells and as precursor for estrogen, testosterone, vitamin 
D, and other vital compounds synthesis. Fat and cholesterol 
can’t dissolve in blood, so they are transported in the plasma 
as triglicerydes or by large complexes called lipoproteins. Me-
tabolism of fatty acids, lipoproteins and cholesterol is quite 
well studied so far, while effects of dietary fats and cholesterol 
on the level and distribution of lipoproteins to VLDL, LDL 
and HDL is still under examination worldwide.  Prevention 
of CHD through risk factor control - smoking cessation and 
control of blood pressure, blood glucose, and LDL cholesterol 
and raising of HDL cholesterol - remains the most effective 
long-term option for treatment. Obesity has an adverse effect 
on all these risk factors except smoking and therefore requires 
treatment. Emerging risk factors requiring attention are elevat-
ed concentrations of lipoprotein(a), remnant lipoproteins, and 
homocysteine.  Dietary treatment can clearly decrease CHD 
risk, especially when the food supply is altered. It is recom-
mend to decrease saturated fat to < 7% of energy, decrease total 
fat to 15–30% of energy, decrease dietary cholesterol to < 200 
mg/d, decrease sugar intake to < 10% of energy, having an ω-6 
fatty acid intake of 5–10% of energy, having an ω-3 fatty acid 
intake of ≥1% of energy, minimize trans fatty acid intake, and 
increase the intake of vegetables, fruit, and grains. It is im-
portant to maintain an adequate intake of essential fatty acids 
while restricting intakes of saturated fat and cholesterol. 
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