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Although there is a high correlation 
between chronic alcohol abuse and cir- 
rhosis of the liver, not all alcoholics de- 
velop this form of hepatic disease. The 
specific factors that predispose certain 
individuals to the development of the al- 
cohol-induced fatty liver, acute hepatic 
necrosis, or Lannec's cirrhosis, asso- 
ciated with chronic drinking, are as yet 
undetermined and have puzzled bio- 
medical scientists for more than a cen- 
tury (1, 2). This report describes for 
the first time the role of a genetically 
related derangement in lipid metabolism 
which may be a significant factor in 
the pathogenesis of hyperlipemia in al- 
cohol addicts. The impetus for our 
studies was provided by the compre- 
hensive investigations of fat transport 
and lipoproteins carried out by Fred- 
erickson and his associates (3). A 
possible relationship between the ex- 
pression of a type IV hyperlipoprotein- 
emia and excessive alcohol intake, as 
well as emotional stress and carbohy- 
drate metabolism alterations, was also 
suggested by the studies of Frederick- 
son and his associates (3). 

Although the exact incidence of type 
IV primary hyperlipoproteinemia is un- 
known, the presence of this disorder in 
the general population is quite common. 
Genetically determined primary type 
IV hyperlipoproteinemia is expressed as 
a dominant trait and is often observed 
in 50 percent of adult relatives of those 
who have the genetic abnormality. 

Primary type IV hyperlipoprotein- 
emia has also been implicated in the 
pathophysiology of pancreatitis and pre- 
mature atheromatosis. 

The mechanisms by which alterations 
in lipid transport and metabolism pro- 
duce derangements of hepatic function 
are unknown. However, chronic al- 
cohol intake in alcoholics has been as- 
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sociated with reciprocal elevations in 
serum triglycerides and free fatty acids 
(4). During experimentally induced in- 
toxication, there was an initial fall in 
free fatty acids and an elevation in 
serum triglycerides. As drinking con- 
tinued and blood alcohol concentrations 
increased, serum triglycerides fell with 
a concomitant elevation in free fatty 
acids (4). However, two limitations af- 
fect the interpretation of these several 
studies: (i) lipoprotein profiles of sub- 
jects were not determined and (ii) al- 
cohol was administered on a pro- 
grammed dosage basis along with an 
adequate diet. Although programmed 
alcohol administration represents a good 
clinical research design, it does not 
simulate the patterns of real life drink- 
ing accompanied by the marginal diet- 
ary intake observed in chronic alcohol 
addicts and therefore may limit the 
generality of associated biological 
changes (5). 

The major purpose of our study was 
to determine whether there is any re- 
lation between primary lipoprotein ab- 
normalities and ethanol-induced al- 
terations in serum lipids. Concentrations 
of lipids and lipoprotein profiles in 
serum were determined in alcoholic 
males prior to, during, and after free- 
choice alcohol consumption (a pattern 
of drinking analogous to the manner 
in which such individuals drink in real 
life). Although these subjects had ac- 
cess to an adequate diet, on the basis 
of previous clinical findings, it was an- 
ticipated that they would tend to de- 
crease caloric intake during prolonged 
drinking periods (5). 

Thirteen male alcohol addicts be- 
tween the ages of 28 and 51 were ad- 
mitted to the clinical research ward 
of the National Institute of Alcohol 
Abuse and Alcoholism and informed 
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consent was obtained from each sub- 
ject. All subjects were in good health 
and showed no evidence of any medical 
(including hepatic and pancreatic) or 
major psychiatric disorder as deter- 
mined by appropriate clinical and lab- 
oratory examinations. Subjects had a 
3- to 33-year history of alcoholism (as 
defined by tolerance and physical de- 
pendence). The history of recent al- 
cohol intake and the duration of ab- 
stinence was comparable for all sub- 
jects. 

After the subjects completed a period 
of acclimation to the research ward, 
a minimum of three consecutive daily 
blood samples were obtained and used 
for assay of serum lipids and lipopro- 
teins. All samples in our study were 
collected from fasted (8 hours) sub- 
jects. During the remainder of the 
study, blood samples were obtained 
each morning for serum lipid and lipo- 
protein determinations (6-8). Trigly- 
cerides were determined by the method 
of Noble and Campbell (6). Cholesterol 
was determined by the procedure of 
Zondag and Van Boelzeler (7). Free 
fatty acids were determined by a meth- 
od described by Dole (8). Profiles of 
pre-beta lipoprotein (these proteins 
migrate in front of beta lipoproteins on 
paper electrophoresis and lag behind 
beta lipoproteins on acrylamide gel 
electrophoreses) were determined with 
a disc-gel technique described by Frings 
and his associates (9). Reagent kits 
(Q.D.L., Canalco Diagnostic Products, 
Rockville, Maryland) were used for 
these determinations. In any instance 
where disc gel electrophoresis data were 
not clear, confirmation of serum lipo- 
protein phenotyping was carried out by 
analytical ultracentrifugation. 

After a baseline phase of 7 to 9 
days during which the subjects did not 
consume any alcohol, an 11- or 12-day 
period of spontaneous alcohol intake 
was instituted; this period was followed 
by a 7- to 10-day withdrawal period. 
Subjects could consume up to 32 ounces 
of 100-proof beverage alcohol daily. 
Each morning subjects were given 32 
tokens to buy alcohol from an auto- 
matic dispensing apparatus; 1 ounce of 
alcohol was dispensed for each token 
spent. Blood alcohol concentrations 
were determined every 4 hours with a 
breathalyzer device. Subjects could 
drink at any time, but were encouraged 
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spent. Blood alcohol concentrations 
were determined every 4 hours with a 
breathalyzer device. Subjects could 
drink at any time, but were encouraged 
to sleep during the hours of 12:30 and 
7:30 a.m. to permit electroencephalo- 
gram recording of sleep patterns. Al- 
though all subjects reduced caloric 
intake from food when drinking, there 
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Alcohol-Induced Hyperlipidemia and Beta Lipoproteins 

Abstract. Alcohol addicts with a primary type IV hyperlipoproteinemia show a 
striking elevation of triglycerides in the serum during long periods of alcohol 
consumption as compared with controls, without an accompanying significant 
increase in free fatty acids in the serum. These data suggest that this genetically 
related lipid abnormality may be a significant factor in the pathogenesis of al- 
cohol hyperlipemia and the alcohol-induced fatty liver. 
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were no significant differences in 
amount of caloric intake between 
subjects during the period of spon- 
taneous alcohol consumption. 

Because it has been shown that hy- 
perlipemia may be induced by carbo- 
hydrate in healthy individuals (10), it 
was necessary to differentiate between 
subjects with primary and carbohydrate- 
induced abnormal pre-beta lipoprotein 
profiles according to the following 
criteria. Subjects with a carbohydrate- 
induced type IV disorder had an ab- 
normal pre-beta lipoprotein profile and 
elevated triglyceride only when they 
were overweight and consuming exces- 
sive carbohydrate. On reduction of car- 
bohydrate intake and weight loss, trigly- 
ceride concentrations and pre-beta lipo- 
protein profiles returned to normal. In 
contrast, those subjects in the primary 
type IV category had persistent eleva- 

tions of triglyceride in the serum and 
abnormal pre-beta lipoprotein profiles 
after reduction of carbohydrate intake 
and maintenance of ideal body weight. 
In the primary type IV subjects triglyc- 
erides were significantly higher (P < 
.05) than in the carbohydrate-induced 
type IV subjects prior to alcohol inges- 
tion. 

Three subjects showed no evidence of 
serum lipoprotein abnormalities or de- 
rangement in serum lipid as determined 
by at least three consecutive fasting 
blood samples prior to initiation of 
drinking. Five subjects showed some 
evidence of occasional type IV carbo- 
hydrate-induced increase in lipopro- 
teins with elevation of serum tri- 
glyceride prior to drinking. Five sub- 
jects showed evidence of a primary type 
IV hyperlipoproteinemia with elevated 
serum triglycerides which were not as- 

sociated with obesity or with excessive 
caloric intake prior -to initiation of 
drinking. 

A comparison of concentrations of 
triglyceride, cholesterol, and free fatty 
acid in the serum, as a function of the 
amount of alcohol detectable in the 
blood, for each of the three groups- 
normal, type IV primary, and type 
IV carbohydrate-induced subjects-is 
shown in Fig. 1. Within each group, 
the significance of changes in serum 
lipid concentration at each blood al- 
cohol concentration (in comparison to 
baseline) was evaluated by a nonpara- 
metric Mann-Whitney U test (one- 
tailed) (11). Between-group compari- 
sons of concentrations of lipids in the 
serum at each concentration of blood 
alcohol were evaluated by the same 
technique (11). 

Subjects with normal pre-beta lipo- 
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protein profiles prior to drinking showed 
no significant increase in serum triglyc- 
eride or cholesterol, even when the 
blood alcohol was above 200 mg/100 
ml (Fig. 1, column 1). Free fatty acid 
increases were statistically significant 
(except when the blood alcohol was 
51 mg to 100 mg/100 ml), and the 
highest elevations occurred when the 
blood alcohol was between 101 and 
200 mg/100 ml (P < .01). 

In striking contrast to the normal 
group, subjects with evidence of a type 
IV primary pre-beta lipoprotein ab- 
normality during baseline showed sig- 
nificant, alcohol-dosage related in- 
creases in triglyceride concentrations 
during drinking (P < .01) (Fig. 1, col- 
umn 2). Although concentrations of 
free fatty acid also increased significant- 
ly during drinking (P < .05) in com- 
parison to baseline values, the magni- 
tude of this increase was considerably 
smaller than that shown by the normal 
group (Fig. 1, column 1). Cholesterol 
concentrations were unchanged or 
slightly decreased as a function of in- 
creasing alcohol consumption. 

Those subjects who showed evidence 
of a type IV carbohydrate-induced 
lipoprotein abnormality prior to drink- 
ing also developed striking elevations 
of triglycerides when the concentration 
of alcohol in the blood was high (251 
mg to 300 mg/100 ml)-concentrations 
never reached by the primary type IV 
group (Fig. 1, column 3). This group 
did show small but significant (P < 
.01, .05) elevations of serum triglyc- 
erides at lower concentrations of blood 
alcohol (51 mg to 250 mg/100 ml). 
Cholesterol tended to decrease during 
drinking and this trend achieved sig- 
nificance when the blood alcohol was 
201 mg to 250 mg/100 ml (P<.05). 
Free fatty acid did increase significantly 
during prolonged periods of alcohol 
consumption (P < .05, .01), and the 
magnitude of this increase was most 
comparable to that shown for the 
normal subjects. 

The dramatic increase in serum tri- 
glycerides in patients during drinking 
periods which is shown by the type IV 

primary subjects was further demon- 
strated by between-group statistical 
comparisons. The serum triglycerides of 

primary type IV subjects were signifi- 
cantly higher than those of carbohy- 
drate-induced type IV subjects at blood 
alcohol concentrations between 50 
and 150 mg/100 ml (P < .05, .01). 
In both type IV groups triglyc- 
erides were significantly higher than 
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in normal subjects at all concentra- 
tions of blood alcohol (P < .01). Cho- 
lesterol concentrations during intoxica- 
tion were not significantly different in 
any of the groups. Elevations in free 
fatty acid were not significantly dif- 
ferent for the normal and carbohydrate- 
induced type IV groups, except at blood 
alcohol concentrations between 151 mg 
to 200 mg/100 ml (P < .05). However, 
in both groups elevations in free fatty 
acids were significantly higher than in 
the primary type IV group, except at 
the lowest blood alcohol concentrations 
(0 to 50 mg/100 ml) (P < .05, .01). 

These data suggest that the triglyc- 
eride response in alcoholics during 
drinking is highly correlated with the 
presence of a preexisting lipoprotein 
disorder. The mechanisms underlying 
the expression of this alcohol-induced 
hyperlipidemia are unclear. It is known 
that ethanol may increase the levels of 
circulating lipoproteins. This occurs as 
a function of increased production 
(12) of lipoproteins that are probably 
formed in the endoplasmic reticulum 
of hepatic cells (13). 

Triglyceride has been found to be 
the major lipid fraction of the alcoholic 
fatty liver (2). Although alcohol- 
induced elevations of serum triglycer- 
ides and accumulation of triglyceride in 
the fatty liver could be coincidental, 
that these phenomena frequently occur 
at the same time suggests related patho- 
physiological processes (2, 4). Since 
individuals with a primary type IV ab- 
normality of serum lipoprotein func- 
tion develop very high concentrations 
of serum triglyceride after prolonged 
periods of alcohol consumption, they 
may also accumulate large amounts of 
triglyceride in liver. Confirmation of 
this hypothesis would require simul- 
taneous determination of serum and 
liver triglycerides (by the use of liver 
biopsy procedures) in primary type IV 
alcohol addicts during intoxication. 

The origin of the elevated concen- 
trations of triglyceride that follow alco- 
hol intake by primary type IV subjects 
is not completely explained by known 
mechanisms of lipid metabolism. How- 
ever, the differences in concentrations 
of free fatty acid in the serum between 
normal and primary type IV subjects 
during prolonged periods of alcohol 
consumption indicates that either mo- 
bilization, esterification, or utilization 
are different between the two groups. 
It is possible that the higher concentra- 
tions of free fatty acid in the normal 
subjects reflects a lower rate of esteri- 

fication in the liver with concomitantly 
lower concentrations of triglyceride. 

Fatty infiltration of the liver may 
occur in some patients without evi- 
dence of hyperlipemia (14). However, 
if individuals with a primary type IV 
disorder are at higher risk for the de. 
velopment of hyperlipemia and the 
alcohol-induced fatty liver, it would 
be possible to identify them through 
screening techniques by means of analy- 
sis of serum lipoprotein profiles. Fi- 
nally, since the type IV pre-beta lipo- 
protein disorders are associated with 
pancreatitis and premature atherormato- 
sis (3), the possible role of alcohol 
abuse in the genesis of these disease 
states should be reexamined. 

JACK H. MENDELSON 

Department of Psychiatry, 
Harvard Medical School, 
Boston, Massachusetts 02118 

NANCY K. MELLO 

Laboratory of Alcohol Research, 
National Institute of Alcohol Abuse and 
Alcoholism. Washington, D.C. 20032 

References and Notes 

1. D. Forman, Boston Med. Sinrg. J. 113, 589 
(1885); T. Addison, Guty's Hosp. Res. 1, 476 
(1836). 

2. C. S. Lieber, in The Biological Basis of 
Medicine, E. E. Bittar, Ed. (Academic Press, 
London, 1969), pp. 317-344; - , E. 
Rubin, L. M. DeCarli, in Recent Advances in 
Studies of Alcoholism, N. K. Mello and J. H. 
Mendelson, Eds. [Publ. (HMS)71-9045, Gov- 
ernment Printing Office, Washington, D.C., 
1971], pp. 3-41. 

3. D. S. Frederickson, R. I. Levy, R. S. Lees, 
N. Engl. J. Med. 276, 32, 94, 148, 215, 273 
(1967). 

4. R. H. Shapiro, R. L. Scheig, G. D. Drummey, 
J. H. Mendelson, K. J. Isselbacher, ibid. 272, 
610 (1965); K. J. Isselbacher and N. J. 
Greenberger, ibid. 270, 351, 402 (1964); C. S. 
Lieber, D. P. Jones, J. H. Mendelson, 
L. M. DeCarli, Trans. Ass. Amer. Phys. 76, 
289 (1963). 

5. N. K. Mello and J. H. Mendelson, J. 
Pharmacol. Exp. Ther. 173, 101 (1970); 
Psychosom. Med. 34, 139 (1972). 

6. R. P. Noble and F. M. Campbell, Clin. 
Chem. 16, 166 (1970). 

7. H. A. Zondag and G. L. Van Boelzeler, Clin. 
Chim. Acta 5, 943 (1960). 

8. V. P. Dole, J. Clin. Invest. 35, 150 (1956). 
9. C. S. Frings, L. G. Foster, P. S. Cohen, Clin. 

Chim. 16, 534 (1970). 
10. E. H. Ahrens, Jr., J. Hirsch, K. Oette, J. W. 

Farquhar, Y. Stein, Trans. Ass. Amer. 
Phys. 74, 134 (1961); R. S. Lees and D. S. 
Frederickson, Clin. Res. 13, 327 (1965). 

11. S. Siegel, Nonparametric Statistics for the 
Behavioral Sciences (McGraw-Hill, New York, 
1956). 

12. C. S. Lieber, Advan. Intern. Med. 14, 151 
(1968); M. S. Losowsky, D. P. Jones, C. S. 
Davidson, C. S. Lieber, Amer. J. Med. 35, 
794 (1963); E. Baraona and C. S. Lieber, 
J. Clin. Invest. 49, 769 (1970). 

13. A. L. Jones, N. B. Ruderman, M. G. Herrera. 
J. Lipid. Res. 8, 429 (1967). 

14. C. M. Leevy, Medicine 41, 249 (1962). 
15. We thank M. Sellers and E. Taylor for their 

many contributions to these studies, Drs. S. 
Wolin and J. Sokolowitz for medical man- 
agement of the patients, and Dr. J. Ellingboe 
for analysis of the free fatty acid data. This 
study was supported in part by NIMH grant 
MH 20551 and by the intramural program of 
the NIAAA, NIMH. 

30 January 1973; revised 16 March 1973 

SCIENCE, VOL. 180 


