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BACKGROUND 

eholesteryl ester and triglycerides are transported in plasma in lipoproteins, 

macromolecules with a lipid core, and a surface coat consisting primarily of 

phospholipids, unesterified cholesterol, and proteins (apolipoproteins, or apos). 

The major lipoprotein classes, distinguished on the basis of progressive increase in 

density, decrease in size, and specific apolipoprotein constituents, include 

chylomicrons, very-low-density lipoproteins (VLDL), intermediate-density 

lipoproteins (IDL), low-density lipoproteins (LDL), and high-density lipoproteins 

(HDL). Multiple subpopulations, differing in size, density, and composition, have 

been identified within each of the major lipoprotein classes (Musliner and Krauss 

1988). Apolipoproteins can serve as structural components of lipoproteins, 

maintaining stability and lipid solubility, and also play key roles in each step of 

lipoprotein metabolism- synthesis, secretion, processing, and catabolism. Examples 

of specific apolipoprotein functions include activating or inhibiting key enzymes 

involved in lipoprotein metabolism, and serving as ligands for receptor-mediated 

transport of lipids across cell membranes. Following is a discussion of metabolic 

regulation of the major lipoprotein species. 

ehylomicrons, large triglyceride-rich lipoproteins synthesized by the 

intestine, are responsible for the transport of diet-derived lipids in plasma. Key 

apolipoprotein constituents of chylomicrons are apoB-48, apoE, apoAIV, and thee-
, 

apoproteins, ei, en, and em. The enzyme lipoprotein lipase (LPL), located at the 

endothelial surface of all tissues except the liver, catalyzes the hydrolysis of 

chylomicron triglycerides into constituent fatty acids, a portion of which are taken 

up by the tissues, with the remainder released into plasma. LPL is dependent on 

activation by apoCIT and can be inhibited by apoCID. In the course of chylomicron 

catabolism, some surface constituents (phospholipid, unesterified cholesterol, and 

apolipoproteins) are transferred to HDL. The triglyceride-depleted remnant particles 
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are removed by specific receptors in the liver, including LDL receptor-like protein 

(LRP), which recognize a poE bound to the surface of these particles (Beisiegel et al. 

1989). Chylomicrons are not thought to be atherogenic, whereas cholesteryl ester

rich chylomicron remnants have been reported to be elevated in patients with 

coronary artery disease (CAD) (Groot et al. 1991). 

The transport of endogenous lipids in plasma occurs via hepatic synthesis 

and secretion of VLDL and the intravascular production of lipoproteins of higher 

density, including IDL and LDL, via catabolism of VLDL. The structure of VLDL is 

similar to that of chylomicrons, except that the particles are not as large, and the 

principal structural component is apoB-100, rather than the.smaller apoB-48. 

Catabolism of VLDL initially follows a route similar to that of chylomicrons, with 

the removal of the bulk of the triglyceride by LPL in extrahepatic tissues, and the 

formation of remnant particles. Compared with chylomicrons, however, a larger 

portion of VLDL remnants escape initial removal from plasma by hepatic uptake, 

and undergo progressive catabolism and remodeling, resulting in the formation of 

IDL and LDL. VLDL remnants, IDL and larger LDL can serve as acceptors of 

cholesteryl ester transferred from HDL by cholesteryl ester transfer protein (CETP), 

resulting in cholesterol enrichment of these particles. Some IDL are cleared by 

hepatic LDL receptors that bind a poE. The remaining IDL undergo lipolysis, 

principally mediated by hepatic triglyceride lipase (HTGL), resulting in the 
' 

formation of LDL, with loss of VLDL and IDL apolipoproteins except apoB-100. 

Although large VLDL particles found in hypertriglyceridemic patients may have 

atherogenic properties (Gianturco and Bradley 1988), increases in large VLDL in 

healthy subjects occurring in conjunction with high-carbohydrate diets (Cianflone et 

al. 1992, Ruderman et al. 1971) and estrogen treatment (Walsh et al. 1991) are not 

thought to be associated with increased atherosclerosis risk. Angiographic studies of 
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patients with CAD have suggested that smaller VLDL remnants and IDL are 

associated with progression of atherosclerosis (Krauss et al. 1987J Phillips et al. 1993). 

Most LDL are removed from plasma by hepatic LDL receptors that recognize 
.. ·· 

/ 

and bind to-100. LDL receptor number is regulated by the cellular cholesterol 

content. Synthesis of LDL receptors is reduced when large amounts of cholesterol 

and saturated fats are delivered to the liver via chylomicron remnantsJ IDL and 

LDL. ConverselyJ when cholesterol oxidation in the liver is increasedJ LDL receptor 

activity increases. LDL which escape receptor-mediated uptake have prolonged 

residence in plasma and may be taken up by other routes. Modification of key lysine 

residues of apoBJ which can occur in conjunction with lipid peroxidation of LDL 

that enter in the subendothelial spaceJ results in loss of recognition by LDL receptorsJ 

and uptake by specific scavenger receptors on macrophages. These receptors, unlike 

LDL receptorsJ are not regulated by cellular cholesterol contentJ and as a result 

macrophages can become engorged with cholesterolJ resulting in the formation of 

"foam cells", constituents of the early atherosclerotic lesion. Elevation of LDL is a 

well established 'risk factor for coronary disease (Krauss 1987, Krauss et al. 1988). 

More recent studies have shown that a predominance of small dense LDL particles 

versus larger, more buoyant LDL is associated with an increased risk of myocardial 

infarction (Austin et al. 1988) and angiographically documented CAD (Campos et al. 

1992, Coresh et al. 1993, Crouse et al. 1985). Small dense LDL have increased 

susceptibility to oxidative modification (de Graaf et al. 1991, Tribble et al. 1992) and 

may promote intracellular cholesteryl ester accumulation to a greater extent than 

larger LDL {Jaakkola et al. 1993). In addition, patients with coronary disease often 

show greater proportional elevations of apoB than LDL-cholesterol (LDL-C), 

consistent with a shift to denser cholesterol LDL composition depleted LDL 

(Kwiterovich 1988, Sharrett et al. 1994, Teng et al. 1983). 
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Lp(a) is a form of LDL containing a glycoprotein, apo(a), attached through a 

disulfide bond to apoB-100 (Utermann 1989). Apo(a) has subunits, termed kringles, 

that are similar in structure to those present in a protease involved in fibrinolysis, 

plasminogen, (Eaton et al. 1987), but the function of Lp(a) is presently unknown 

(Scanu 1990). Lp(a) interacts with the LDL receptor in vivo, but -is thought to be 

catabolized primarily by a pathway independent of the LDL receptor (Armstrong et 

al. 1990). Although the concentration of Lp(a) is independent of LDL levels (Berget 

al. 1974), elevated Lp(a) is also strongly correlated with CAD (Nieminen et al. 1992, 

Rhoads et al. 1986). 

HDL are produced in the liver and intestine from precursors containing 

apoAI. A subset of particles contain a second structural component, apoAII. HDL 

comprises at leaSt five distinct subclasses, including smaller, denser HDL3a,b, and c, 

and larger, more buoyant HDL2a and b (Musliner and Krauss 1988). HDL particles 

are also classified based on apolipoprotein composition. Some HDL particles 

contain apoAI and apoAII (LpAI w I All), whereas others contain apoAI but no 

apoAII (LpAI w I out Ail) (Cheung and Albers 1984). 

-' As noted above, HDL have the capacity to accept surface lipids and 

apolipoproteins released during lipolysis of chylomicrons and VLDL. Levels of HDL 

have been found to be directly proportional to LPL activity in adipose tissue, and 

possibly due to effects of lipolysis products on HDL metabolism. HDL are also able to 

take up excess unesterified cholesterol and phospholipids from cell membranes. 
,-

There is evidence for- an HDL-binding protein in plasma membranes that facilitates 

this process (Hokland et al. 1992) and is up-regulated in response to cholesterol 

loading of cells (McKnight et al. 1992). Unesterified cholesterol incorporated into 

HDL particles is esterified by LCAT, an enzyme activated by apoAI, and can be 

transferred to apoB-containing lipoproteins, principally VLDL remnants and IDL, by 

CETP (Eisenberg 1984). The uptake of these particles by hepatic apoE and LDL 
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receptors completes a process termed reverse cholesterol transport, by which HDL 

facilitates the removal of excess tissue cholesterol by the liver for eventual excretion 

in bile. HDL cholesteryl ester also may be delivered to the liver and steroid 

producing glands without uptake of the entire HDL particle. Recently the receptor 

protein SR-B1 has been shown to bind HDL and thereby enable transfer of its 

cholesteryl ester directly to cells (Acton et al. 1996). It has been suggested that the 

role of HDL in facilitating reverse cholesterol transport may contribute to the well

established inverse relation between HDL and CAD risk (Castelli et al. 1986, Gordon 

et al. 1989, Manninen et al. 1988). 

In conditions characterized by elevated triglyceride levels or increased 

production of apoB-containing lipoproteins, increased CETP-mediated exchange of 

HDL cholesteryl ester for VLDL triglyceride can result in triglyceride enridunent of 

HDL with reciprocal reduction in HDL cholesterol. Subsequent hydrolysis of HDL 

triglyceride by HTGL can result in reduced HDL particle size as well as reduced levels 

of HDL in plasma (Eisenberg, 1984). HTGL activity has been found to be inversely 

associated with levels of HDL cholesterol, and in particular the larger HDL2 

su~classes. 

HDL can also accept phospholipids from triglyceride-rich lipoproteins, 

catalyzed by phospholipid transfer protein (PLTP) (Tollefson et al. 1988), rendering 

phospholipid-enriched HDL a better substrate for CETP (Tall 1993). Although the 

precise function of PLTP is not well known, it may be involved in regulating HDL 

particle size in vitro (Jauhiainen et al. 1993). 

The relative importance of HDL2 and HDL3 with regard to CAD risk has not 

been established (Musliner and Krauss 1988, Stampfer et al. 1991). A strong inverse 

association exists between plasma LpAI concentrations and the risk of CAD, whereas 

there is only a weak correlation between plasma LpAI:AII and CAD (Puchois et al. 

1987, Stampfer et al. 1991). The mechanisms for the }2!!.tative antiatherogenic effects 
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of LpAI are unknown. However, it is suggested that LpAI is more effective "than 

LpAI:AII in both uptake and esterification of cell-derived cholesterol (Huang et al. 

1995). In addition, CE is transferred from LpAI to other lipoproteins but CE 

accumulates in LpAI:All (Huang et al. 1995), suggesting impaired reverse cholesterol 

transport for LpAI:AII. Other evidence supporting the importance of apoAI 

production in CE transport is a genetic deficiency of apoA-I synthesis which results 

in low levels of HDL and premature CAD (Forte et al. 1984). ApoAII does not appear 
I 

necessary for the function of HDL in reverse cholesterol transport however, as 

apoA-II deficient subjects show normal levels of HDL-C and apoA-I, and LCAT and 

LPL activities (Takata et al. 1990). 

There is also emerging evidence for a role of HDL in atherosclerosis 

protection resulting fom its antioxidant and antiinflammatory effects (Berliner et al. 

1995). Particles in the HDL density range transport several factors that may 

contribute to an antioxidant effect, including paraoxonase, platelet activating factor

acetyl hydrolase, and clusterin (apoJ). Given the suggested importance of oxidative 

and inflammatory events in atherosclerosis, these properties of HDL may have 

considerable bearing on the inverse relationship of HDL to coronary disease risk. 

EFFECfS OF ACUTE AND CHRONIC ALCOHOL INTAKE ON LEVELS AND 

METABOLISM OF PLASMA LIPIDS AND LIPOPROTEINS 

Triglyceride-Rich Lipoproteins 

Acutely, alcohol intake can stimulat~ hepatic triglyceride production 

(Taskinen and Nikkila 1977), leading to increased VLDL secretion (Contaldo et al. 

1989) and an increase in CE-triglyceride exchange between HDL and VLDL. In 
J 

addition, alcohol may also interact with a high-fat diet to increase intestinal 

chylomicron formation (Steinberg et al. 1991). Acute alcohol exposure also impairs 
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clearance of exogenous fat (Hartung et al. 1993) resulting in prolonged postprandial 

elevations in plasma chylomicron levels. This effect may result in part from 

reduced activity of lipoprotein lipase (Taskinen et al. 1985) or altered binding of LDL 

to the endothelial surface. Thus the effects of alcohol on triglyceride metabolism 

may be amplified in individuals with obesity and/ or \vith underlying disorders of 

triglyceride metabolism. In hypertriglyceridemic patients, alcohol can precipitate the 

chylomicronemia syndrome and its attendant complications, including acute 

pancreatitis (Freeman et al. 1977). Impaired clearance of exogenous triglyceride-rich 

particles could also result from a reduction in apoE receptors or alcohol-related 

hepatocyte injury (Steinberg et al. 1991). 

Effects of chronic alcohol intake on levels and metabolism of triglyceride-rich 

lipoproteins, however, have not been clearly established. Some epidemiological

studies have found positive relationships of alcohol intake with triglyceride levels, 

(Little et al. 1986, Ostrander et al. 1974), and others have found inverse relationships 

(Gordon and Kannel 1983, Mayer et al. 1993), but most have shown minimal or no 

associations (Castelli et al. 1977, Sznajd et al. 1989, Kervinen et al. 1991, Langer et al. 

1992). It has been suggested that increased lipoprotein lipase activity and VLDL 

clearance can compensate for alcohol-induced increases in VLDL production leading 

to small and variable net effects (Taskinen et al. 1985) associated with increased 

overall VLDL turnover (Sane et al. 1984). 

Alcohol ingestion also affects the composition of fasting and postprandial 

VLDL. In non-alcoholics, there is a consistent marked rise in serum and VLDL 

triglyceride and phospholipid levels and a decrease in VLDL cholesterol content 

during acute alcohol ingestion (Ginsberg et al. 1974, Schneider et al. 1983, Taskinen 

and Nikkila 1977, Taskinen et al. 1985). These compositional changes are reversed 

shortly after abstinence. In chronic alcoholics, the composition of VLDL also may be 

altered, with relatively reduced content of CE (Kervinen et al. 1991, Taskinen et al. 
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1982). In a metabolic ward study, consumption of 90g of alcohol per day for·4 weeks 

increased VLDL triglyceride production and plasma VLDL triglyceride level in 4 of 6 

obese patients vs. 1 of 6 lean individuals and resulted in delayed clearance of 

chylomicrons (Crouse and Grundy 1984). This might be related to decreased CETP 

(Savolainen et al. 1990) activity with alcohol ingestion, resulting in reduced net 

transfer of CE from HDL to VLDL. 

In alcoholics, plasma levels of IDL mass, protein, CE, and phospholipid are 

also low (Kervinen et al. 1991) and may be secondary to low CE content of VLDL, the 

precursors of IDL. The compositional changes in VLDL could also promote 

compositional changes in LDL and HDL or as a result of lipid transfers and exchange 

(see below). 

Fatty Acids 

Increased re-esterification of free fatty acids (FFA) (Lieber and Spritz 1966, 

Savolainen et al. 1977) is another purported mechanism for the increased 

triglyceride production associated with alcohol intake, although the data are 

controversial (Lieber et al. 1966, Tijburg et al. 1988). Interestingly, alcohol ingestion 

lowers plasma concentrations of FFA (Crouse et al. 1968, Lieber et al. 1962) and 

glycerol (Feinman and Lieber 1967, Kreisberg et al. 1971), consistent with inhibition 

of adipocyte lipolysis (Crouse et al. 1968, Feinman and Lieber 1967). However, 

reduced flux of FFA to the liver would be expected to lower rather than increase 

triglyceride production. A potential explanation for increased triglyceride 

production is a more efficient hepatic re-esterification of FFA and less efficient 

oxidation of FFA. Evidence for this is indirect, but includes reduced net whole body 

fat oxidation (by ind!rect calorimetry (Shelmet et al. 1988, Suter et al. 1992)), and the 

apparently increased accumulation of endogenous liver and plasma triglycerides 

(Lieber and Spritz 1966, Lieber et al. 1966). 
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Data from Pownall (1994) demonstrates that alcohol ingestion is associated 

with increased post-prandial lipemia, without the appearance of nonesterified fatty 

aCids (NEFA) of dietary origin. These data are consistent with delay in clearance of 

intestinally derived chylomicrons and their remnants resulting from decreased LPL

mediated lipolysis after acute alcohol ingestion. 

Fatty Acid Ethyl Esters 

Fatty acid ethyl esters (FAEE) are esterification products of fatty acids and 

ethanol, and unlike acetaldehyde, are a metabolic by-product of ethanol that are not 

generated by oxidation (Doyle et al. 1994). FAEE are suggested to be, in part, 

responsible for alcohol-induced organ damage seen by alcohol abuse (Laposata and 

Lange 1986). In support of this theory, an in vitro study (Doyle et al. 1994) suggests 

that FAEE delivered to HepG2 cells via reconstituted LDL has a toxic effect as 

compared to cells via LDL reconstituted with triglycerides. FAEE are detectable in 

serum (Doyle et al. 1994), organs, and adipose tissue (Laposata and Lange 1986), but 

the origin for the generation of FAEE is unknown. They can be synthesized in vitro 

by white blood cells (Doyle et al. 1994), and can be packaged into lipoproteins in the 

liver (Doyle et al. 1994) or the gastrointestinal tract (Newsome and Rattray 1965). 

The recently discovered presence of FAEE in serum bound to lipoproteins suggests 

another effect of alcohol that could influence lipoprotein metabolism. 

Low-Density Lipoproteins 

Chronic alcohol consumption is associated with variable reductions in LDL-C 

(Hirano et al. 1992, Kervinen et al. 1991). Short-term (2-4 wk) intake does not result 

in consistent changes (Clevidence et al. 1995, Contaldo et al. 1989, Schneider et al. 

1985, Valimaki et al. 1988). At high levels of alcohol consumption, LDL-C levels 

appear to decrease (Hulley and Gordon 1981) but this may be a result of concomitant 
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displacement of fat and cholesterol in the diet by alcohol (Gruchow et al. 1985). The 

effects of alcohol on LDL composition also is variable, and seem to be related, in 

part, to the level of alcohol consumed. The LDL of chronic heavy alcohol drinkers 

contains significantly more triglyceride and less CE than those in non-drinkers 

(Hagiage et al. 1992, Hirano et al. 1992). After alcohol abstention, the proportion of 

CE increases, while that of triglyceride is reduced (Hirano et al. 1992). A similar 

decrease in LDL CE has been observed with short-term moderate alcohol ingestion 

but with no change in LDL triglyceride (Schneider et al. 1985). 

With regard to apoB levels, both increases (Malmendier and Delcroix 1985) 

and decreases (Meilahn et al. 1988, Taskinen et al. 1987) have been reported with 

moderate drinking (VaJ.imaki et al. 1988). Acute alcohol-induced hyperlipidemia in 

alcoholics is associated with increased LDL protein but with reduced LDL-C 

(Avogaro and Gazzolato 1975, Kervinen et aL 1991). Wang et al. (1994) studied the 

effect of alcohol on apoB production in vitro and found that an increase in 

intracellular apoB was associated with an increase in apoB mRNA and apoB 

secretion. Effects on levels and composition of LDL subclasses have not been 

examined, although the LDL particle size of heavy drinkers is significantly smaller 

than that of non-drinkers (Hirano et al. 1992). 

The mechanisms responsible for the effect of alcohol·on LDL levels are not 

known. Modification of apoB lysine residues by the alcohol metabolite acetaldehyde 

can increase LDL negative charge, and reduced apoB /E receptor binding affinity 
( 

(Kervinen et al. 1991). The more negatively charged LDL in alcoholics induces apoE 

secretion by 3-fold over control LDL when incubated with mouse peritoneal 

rnacrophages, with a concomitant increase in LDL uptake and cellular cholesterol 

content (Lin et al. 1995), mediated in part by macrophage scavenger receptors. 

Moreover, in alcoholics, acetaldehyde can form adducts with apoB-containing 
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lipoproteins, particularly VLDL, prior to secretion from the liver, leading to· 

increased VLDL clearance and decreased conversion to LDL (Wehr et al. 1993). 

Alcohol-induced reduction in CETP in heavy drinkers results in 

accumulation of a smaller, triglyceride-rich LDL subpopulation with a density 

distribution that overlaps with the predominant, larger LDL species (Hirano et al. 

1992). Following alcohol withdrawal, the particle distribution becomes more 

homogenous and the levels of CETP normalize (Hirano et al. 1992). The reduction 

in CETP activity also is associated with altered chemical composition of LDL and 

reduced affinity for LDL receptors (Hirano et al. 1992). Despite defective LDL 

receptor-binding in heavy drinkers, LDL-C levels are not elevated, which may be 

due to decreased synthesis or secretion of apoB (Hirano et al. 1992). Metabolic 

turnover studies in vivo have not yielded consistent evidence regarding the effects 

of alcohol intake on LDL clearance; increases (Malmendier and Delcroix 1985) and 

no change (Kervinen et al. 1991) have both been reported. 

Lp(a) 

·' Limited studies to date have not established a consistent relationship of 

alcohol intake with levels of Lp(a), although reductions with moderate intake, and 

increases following abstention, have been reported in men (Sharpe et al. 1995, 

Va.Iimaki et al. 1991) but not in women (Clevidence et al. 1995). Epidemiological 

data have failed to show a consistent association between level of alcohol ingestion 

and Lp(a) (Bovet et al. 1994, Howard et al. 1994, Jenner et al. 1993, Nago et al. 1995, 

Selby et al. 1994). One study suggests that Lp(a) levels may be low in subjects with 

heavy alcohol consumption, and even lower in alcoholics with cirrhosis (Marth et 

al. 1982). In alcoholic men (Kervinen et al. 1991) and women (Valimaki et al. 1993), 

Lp(a) is reported to increase several days after alcohol withdrawal, independent of 

changes in LDL or HDL. It is of interest that Lp(a) may respond to changes in alcohol 
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consumption since Lp(a) is generally unaffected by most dietary manipulations 

(Scanu and Pless 1990). 

Kervinen et al. (1991) suggest several possibilities for the acute and chronic 

effects of alcohol on plasma Lp(a) levels. First, alcohol could decrease Lp(a) assembly 

during alcohol oxidation in the liver, if the liver is an important site for Lp(a) 

synthesis. Alternatively, as is the case with LDL, alcohol or one of its metabolites, 

i.e., acetaldehyde, could increase the catabolism of Lp(a) through modification such 

that it is more readily recognized by scavenger receptors on macrophages. 

High-Density Lipoproteins 

Alcohol increases levels of HDL (Willett et al. 1980, Fraser et al. 1983, 

Kromhout et al. 1990, Gaziano et al. 1993, Hartung et al. 1993, Jansen et al. 1995). One 

study suggests that an increase of 5.1 mg/dL in mean HDL-C level occurs with daily 

or weekly moderate use of alcohol (Linnet al. 1993). However, a linear relationship 

exists between alcohol ingestion and HDL and appears consistent in men and 

women across all ages (Meilahn ·et al. 1991, Raitakari et al. 1994, Razay et al. 1992). 
l 

This dose-response relationship may be more pronounced in middle-aged men than 

in young men (Veenstra et al. 1990). Whereas low levels of alcohol consumption 

(less than 1 drink per day) show a relationship with HDL-C among women, there is 

no association with HDL-C in men (Weidner et al. 1991). 

Variation in effects of alcohol on HDL subfractions may be, in part, dose 

dependent (Contaldo et al. 1989, Taskinen et al. 1987, Valimaki et al. 1988). Moderate 

drinking is associated with increases in the HDL3 subspecies (Hartung et al. 1993, 

Haskell et al. 1984, Nishiwaki et al. 1994, Taskinen et al. 1982, Williams et al. 1985), 

while heavy drinking increases both the HDL2 and HDL3 subfractions (Sillanaukee 

et al. 1993, Valimili et al. 1988). Some studies have found that alcohol increases 

both types of HDL subclasses irrespective of the level consumed (Clevidence et al. 
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1995, Gaziano et al. 1993, Hartung et al. 1990, Valimaki et al. 1993, Williams·et al. 

1993). There also are reported gender differences in the effects of alcohol on HDL 

subclasses. The increase in HDL level' with alcohol intake in women is due 

primarily to higher levels of HDL2, whereas in men, the HDL3 as well as the HDL2 

subclasses are elevated (Valimaki et al. 1993, Williams et al. 1993). Acute alcohol 

ingestion primarily increases subspecies containing apoA-1 with and without apoA

II (Clevidence et al. 1995, Valimaki et al. 1991), whereas chronic alcohol intake 

increases the LpA-I:A-II subspecies and may promote a decrease in LpA-1 subspecies 

(Puchois et al. 1990, Va.Iimaki et al. 1993). 

The biochemical mechanisms for the effects of alcohol on HDL levels are 

unknown. Alcohol can stimulate hepatic production of the major HDL structural 

proteins, apoA-1 and apoA-II (Amarasuriya et al. 1992, Camargo et al. 1985, Huang et 

al. 1992, Malmendier and Delcroix 1985, Ridker et al. 1993, Tam 1992, Va.Iimaki et al. 

1993). This effect may be secondary to induction of h~patic microsomal enzyme 

activity in the P450 system (Fraser et al. 1983, Willett et al. 1980), since other agents 

which stimulate these enzymes, including phenytoin and phenobarbital, ·also can 

raise HDL levels (Goldberg et al. 1989). Increased LPL activity with chronic alcohol 

intake may also contribute to increases in HDL, in particular HDL2, as a result of 

transfer of surface lipids and apolipoproteins from VLDL and chylomicrons 

(Taskinen et al. 1982). This may relate in part to LPL activity, which has been 

reported by some (Nishiwaki et al. 1994), but not others (Crouse and Grundy 1984), 

to increase during short-term (4 week) moderate alcohol ingestion. The transient 

increase in HDL observed 6 hours after acute (40g) alcohol ingestion, however, is 

unrelated to LPL activity (Goldberg et al. 1984, Parkes et al. 1990). 

Reductions in HTGL with acute alcohol ingestion have been related to 

increased HDL levels (Goldberg et al. 1984), although the relationship has not been 

observed by others (Valimaki et al. 1988). On the other hand, elevations in both 
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HTGL and HDL have been observed in heavy drinkers (Taskinen et al. 1982~ 

Valimaki et al. 1993), whereas no changes have been observed during short-term 

moderate alcohol intake (Crouse and Grundy 1984, Nishiwaki et al. 1994). The 

findings suggest, as previously mentioned for LPL, that short term alcohol intake 

may suppress HIGL, while chronic intake may result in increased enzyme activity, 

but in both conditions the relationships between change in HTGL and HDL are 

uncertain. 

Increased CE-triglyceride exchange from VLDL to HDL with alcohol ingestion 

also is considered to increase the susceptibility of HDL2 to HTGL and consequently 

to accelerate the conversion of HDL2 to HDL3 (Nishiwaki et al. 1994). In heavy 

drinkers, however, reduced CETP activity may contribute to alcohol-induced 

increases in HDL (Savolainen et al. 1990) by limiting transfer of HDL CE to lower 

density lipoproteins, and at the same time preventing triglyceride transfer to HDL 

and subsequent hydrolysis by hepatic triglyceride lipase. The reduced cholesteryl 

ester transfer activity in such subjects is associated with a low plasma concentration 

of the CETP (Hannuksela et al. 1992). It has been suggested (Hannuksela et al. 1996) 

tha't alcohol-induced reduction of CETP may result not from decreased cellular 

secretion, but from increased clearance, as a consequence of redistribution of CETP 

from HDL to more rapidly catabolized VLDL. At levels of alcohol intake less than or 

equal to 40 g per day, however, the effects of alcohol on CETP activity are 

inconsistent (Hagiage et al. 1992, Nishiwaki et al. 1994, Ridker et al. 1993). 

Moreover, while HDL-C levels are extremely elevated in general CETP 

deficiency (lnazu et al. 1990), alcohol consumption can further increase HDL-C in 

such patients (Nishiwaki et al. 1995), suggesting that CETP is rtot of actual 

importance in mediating alcoholic effects in HDL. 

While moderate alcohol intake may increase LCAT activity, this is not 

considered to play a major role in alcohol-induced increases in HDL-C (Nishiwaki et 
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al. 1994). Rather, the increased activity may be secondary to HDL enrichment with 

LCAT substrates, phospholipid and cholesterol, as a result of increased lipolysis of 

VLDL. HDL-CE may then accumulate as a result of LCAT activity. It has been 

suggested that the transient increase in lipoprotein phospholipids that occurs after 

alcohol ingestion may protect against cardiovascular disease by promoting 

cholesterol efflux from tissues into HDL (Goldberg et al. 1984). 

Decreased degradation of HDL through hepatotoxic effect of alcohol (Fraser et 

al. 1983) may also raise HDL levels, although this effect is not observed with 

moderate alcohol intake (Malmendier and Delcroix 1985). At levels of alcohol 

intake resulting in hepatic dysfunction, increases in HDL may be reversed, and 

abnormal HDL structures may appear that are enriched in surface lipids, possibly 

reflecting altered apolipoprotein secretion and/ or reduced LCAT activity (Camps et 

al. 1994, Weidman et al. 1982). 

RELATIONSHIPS OF ALCOHOL-INDUCED CHANGES IN PLASMA LIPIDS AND 

LIPOPROTEINS TO DEVELOPMENT OF CORONARY ARTERY DISEASE 

_, 

The relationship between alcohol consumption and CAD remains complex. 

Although heavy alcohol intake increases mortality due to cardiovascular diseases 

(Deutscher et al. 1984, Fraser and Upsdell 1981, Jackson et al. 1991), individuals who 

consume moderate amounts of alcohol experience a lower incidence of coronary 

disease compared with those who either abstain or who drink heavily (Dyer et al. 

1980, Gordon and Kannel 1983, Hennekens 1983, Klatsky 1994, Marmot 1984, 

Stampfer et al. 1988, Yano et al. 1984). There is some concern that the apparent 

protective effect of alcohol consumption shown in cohort studies may be due to a 

failure to control for non-drinkers in poor health at baseline or a failure to 

distinguish non-drinkers from ex-drinkers. Some studies have shown that ex-
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drinkers are at high risk for coronary heart disease (Dyer et al. 1980) possibly because 

ex-drinkers may stop drinking because of declining health. Investigators that have 

considered these problems in their analysis of the association of alcohol and death 

from coronary heart disease, nonetheless, have found a strong inverse· association 

in light to moderate drinkers (Suh et al. 1992). 

Although a direct connection between alcohol-induced changes in 

lipoprotein metabolism and coronary disease risk has not been established, there is 

epidemiological evidence that increased HDL levels may contribute to the reduction 

in risk observed in moderate drinkers (Criqui et al. 1987, Ernst et al. 1980, Suh et al. 

, 1992). One case-control study showed that the effect is mediated, in large part, by 

increases in both HDL2 and HDL3 (Gaziano et al. 1993). Studies controlling for the 

effects of HDL levels show an attenuation in the relation between alcohol and death 

from coronary disease, suggesting that HDL is a causal mechanism accounting for 

about 50% of alcohol's protective effect (Langer et al. 1992, Suh et al. 1992). The 

epidemiological findings are consistent with findings from autopsy (Barboriak et al. 

1979) and angiographic studies (Handa et al. 1990) indicating inverse relationships 

between levels of alcohol consumption and extent of atherosclerosis that may be 

mediated by HDL. Such an association is plausible based on the capacity of 

genetically-induced increases in apoA-I and HDL production to prevent 

atherosclerosis in mouse models (Rubin et al. 1991). While some studies have 

suggested that concordant increases in apoA-II can attenuate this effect (Schultz et al. 

1993, Warden et al. 1993), the magnitude of such an influence, particularly in 

humans, is not clear (Syvanne et al. 1995). In addition, the degree to which the 

protective effect of alcohol is mediated by apolipoproteins A-I and A-II, beyond the 

effects on other components of HDL, remains unclear (Gaziano et al. 1993). 

There is increasing evidence that coronary disease risk is increased in subjects 

with disorders of triglyceride-rich lipoprotein metabolism, particularly those 

16 



accompanied by impaired remnant lipoprotein clearance. Hypertriglyceridemia and 

the attendant low plasma levels of HDL-C are important risk factors for 

atherosclerosis (Austin 1991). Thus, the possibility exists that the acute effects of 

alcohol on triglyceride metabolism may be proatherogenic. Alternatively, the 

changes in metabolism and composition of atherogenic lipoproteins observed with 

chronic alcohol intake may play an important role in the delaying the progression of 

atherosclerosis. Triglyceride enrichment of VLDL and IDL (Kervinen et al. 1991) 

may enhance the clearance of these particles and thus contribute to reduced VLDL 

and IDL cholesterol content, and reduced LDL-C levels. Lowering of Lp(a) levels in 

some consumers of alcohol may also contribute to reduced CAD risk. 

_, 
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