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ABSTRACT Nutritional status is an important deter-
minant of the host resistance against infections and
tumors. Alcohol interferes in various ways with the
complex system of nutritional immunomodulation. Al-
cohol acts directly on mechanical barriers in the gas-
trointestinal tract and increases permeability of intes-
tinal walls, which results in a reduced exclusion of im-
munogenic material in the intestine. Alcohol further
affects granulocytopoiesis and suppresses various im-
mune functions. Indirect effects on the immune re-
sponse are caused by alcohol-induced malnutrition.
Heavy alcohol abuse is associated with a high energy
intake derived by alcohol and an inadequate intake of
protein, vitamins and minerals. In addition, alcohol
abuse impairs absorption, utilization, storage and ex-
cretion of nutrients, which together with inadequate
nutrient intakes results in nutritional immunosuppres-
sion. The high incidence of infections in alcoholics could
be one consequence of the alcohol-induced immuno-
suppression. J. Nutr. 122: 733-737, 1992.
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Nutritional status is one major extrinsic factor de-
termining the efficiency of the immune and host de-
fense systems (1, 2). Chronic alcoholism is considered
the most common cause of malnutrition in affluent
societies of the western world (3), indicating a high
risk of nutritional immunosuppression in chronic al-
coholics. Alcohol can act at least at two different levels
on the suppression of the immune response and non-
specific host defense. As a nutrient, alcohol has a direct
toxic effect on cells and organs of the host defense
system. Alcohol further affects the nutrient intake and
impairs absorption, utilization, storage and excretion
of nutrients, and thereby may induce malnutrition,
which affects immunocompetence. Alcohol-induced
malnutrition together with the direct immunotoxic ef-
fects of alcohol may reduce the effectiveness of the
host defense against infections. Epidemiological data
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have shown that infectious and contagious illnesses
are the most common cause of death in alcoholics (4,
5). Human immunodeficiency virus (HIV)-positive
individuals who abuse alcohol could be exposed to a
higher risk for opportunistic infections (6).

The per capita consumption of pure alcohol of the
U.S. population aged 14 or older in 1987 was 21 g/d
(7). Nine percent of all adults in the United States can
be considered as heavy drinkers with >80 g of alcohol
consumed per day (8). However, combined data from
various surveys indicate that chronic alcoholics con-
sumed an estimated mean of 193 g of alcohol/d or
43% of their energy intake was in the form of alcohol
(9-13).

DIRECT EFFECTS OF ALCOHOL
ON HOST DEFENSE

Interference of alcohol with mechanical host defen-
ses and alteration of immune mechanisms are impor-
tant factors that predispose alcohol abusers to an in-
creased risk of infections. The main function of the
gastrointestinal tract as a mechanical barrier in the host
defense system is to control the intestinal flora and to
prevent antigens from entering the system. Gastric
acid secretion is an important regulator of the growth
of the intestinal flora. Chronic alcoholics have a re-

! Presented as part of a symposium: Nutrition, Immunomodu-
lation and AIDS, given at the 75th Annual Meeting of the Federation
of American Societies for Experimental Biology, Atlanta, GA, April
25, 1991. The symposium was sponsored by the American Institute
of Nutrition and supported in part by grants from Campbell Institute
for Research and Technology, Clintec International Inc., Bristol-
Mpyers Company and Mead Johnson Research Center. Guest editor
for this symposium was R. R. Watson, Department of Family and
Community Medicine, University of Arizona, Tucson, AZ.

2 This research was supported by National Institutes of Health
grant AA08037.

3 To whom correspondence should be addressed: Department of
Family and Community Medicine, University of Arizona Health
Sciences Center, 1501 North Cambell Avenue, Tucson, AZ 85724.

8002 ‘22 yare uo Aq Biouonunu-ul wouy papeojumod


http://jn.nutrition.org

JN THE JOURNAL OF NUTRITION

734 WATZL AND WATSON

duced secretion of gastric acid, which could contribute
to the increased incidence of jejunal bacterial over-
growth found in chronic alcoholics (14-16). An ele-
vated intestinal permeability to a number of sub-
stances, including bacterial endotoxin, has been shown
in chronic alcoholics (14-16). The increased inter- and
intracellular permeability causes a high endotoxin ex-
posure of cytokine-producing cells of the liver, which
might result in the induction of enhanced monokine
secretion. Elevated serum levels of interleukin-1, in-
terleukin-6 and tumor necrosis factor are normally
found in chronic alcoholics with liver disease (17). The
deterioration of the intestinal mucosal barrier may
promote absorption of immunogenic substances into
the systemic circulation. At the same time, the clear-
ance of antigens from circulation by Kupffer cells is
impaired, which could explain in part the increased
concentration of serum immunoglobulins found in al-
coholics with alcoholic liver disease (18).

Chronic alcohol consumption appears to depress the
production of polymorphonuclear leukocytes in the
bone marrow. Up to 8% of alcoholics admitted to hos-
pitals have granulocytopenia, which disappears after
several days of abstinence. Bone marrow examinations
showed a decreased number of mature granulocytes
and a decreased reserve capacity for these cells in al-
coholics (19). The absence of a bone marrow reserve
and the inability to produce large numbers of new leu-
kocytes expose alcoholics to increased risk when chal-
lenged by a severe bacterial infection. However, the
release of leukocytes from the bone marrow is not in-
hibited by acute and chronic alcohol exposure of hu-
mans (19).

Animal studies demonstrated that chronic alcohol
feeding induces atrophy of the thymus and spleen (20).
There is evidence that the majority of the cells lost
from the thymus after short-term alcohol ingestion
are of an immature phenotype (CD4/CD87) (21). In
rats, 13 mo of alcohol feeding reduced the total num-
ber of T lymphocytes from the spleen significantly.
However, the percentage of lymphocytes with markers
for T-helper cells was higher in spleens from alcohol-
fed rats (22). So far, there are no data available about
alcohol-induced thymus and spleen atrophy in hu-
mans. Long-term, high intakes of alcohol in animals
and humans may alter the kinetics of production and
turnover rates of lymphocytes in the thymus and
spleen, with a resultant shift in relative concentration
of lymphocyte subpopulations. Alcohol also exerts di-
rect effects on immunocompetent cells. Because
chronic alcoholics are often malnourished with liver
disease and underlying infections, data from them
about the immunotoxic effects of alcohol have to be
analyzed very carefully. Acute and chronic alcohol
ingestion prevent the normal delivery of neutrophilic
granulocytes to sites of bacterial invasion and impair
the ability of these cells to adhere to cell surfaces (18).
Moreover, chronic alcohol abuse results in a decreased

chemotaxis of these cells, which contributes to the
frequency and severity of infections in drinkers (18).
The mononuclear phagocytizing system is another
component of the immune system that is impaired by
the toxic effects of alcohol. Phagocytosis, bactericidal
activity and adhesion are reduced in these cells after
in vitro exposure to alcohol (23). Alcohol further
modulates the cytotoxic activity of natural killer cells.
So far, the published data are very contradictory. Nat-
ural killer cells from nonalcoholic volunteers showed
a decreased cytotoxicity in the presence of alcohol (24).
However, alcoholics without liver disease demon-
strated a normal natural killer cell activity (25, 26).
Mice given alcohol for 1-4 wk showed a normal (27)
and decreased (28, 29) natural killer cell activity. An-
tibody-dependent cellular cytotoxicity (30), lympho-
cyte proliferation response (31) and B lymphocyte
function (32) are also impaired by alcohol. The first
metabolite in the metabolism of alcohol, acetaldehyde,
is further known to affect various immune functions
(33, 34).

INDIRECT EFFECTS OF ALCOHOL
ON IMMUNOCOMPETENCE:
ALCOHOL-INDUCED MALNUTRITION

A variety of factors have an impact on the nutri-
tional status of alcohol abusers, including the amount
and duration of alcohol intake, the amount and quality
of diets consumed, gastrointestinal and hepatic con-
ditions, the socioeconomic status, diarrhea, vomiting
as well as the loss of appetite in chronic alcoholics.
High alcohol intake correlates with a high frequency
of missed or partly eaten meals, which results in an
inadequate and imbalanced intake of nutrients, prob-
ably the most important cause of alcoholic malnutri-
tion. Combined data from various surveys about the
macronutrient intake show that these alcohol abusers
had a high intake of alcohol, which supplied nearly
half of the total energy (9-13). Alcohol energy was
added to the diet rather than replacing other food. The
mean protein intake of the alcohol abuser exceeded
50 g/d, which would be adequate according to the RDA
(35). However, it is possible that protein requirements
are increased in alcoholics. It has been demonstrated
that 62% of heavy alcohol abusers without liver dis-
ease and with RDA-adequate protein intake showed
signs of protein malnutrition (13).

Even with an adequate intake of macronutrients,
the addition of nonnutritive energy from alcohol may
cause vitamin and mineral deficiencies. The incidence
of vitamin and mineral deficiencies is correlated with
the social status of the alcohol abuser. Alcoholics of a
lower socioeconomic status have generally a higher
chance to be malnourished (13-100%) than middle-
class alcoholics (0-29%) (36). Besides the social class,

8002 ‘22 yare uo Aq Biouonunu-ul wouy papeojumod


http://jn.nutrition.org

JN THE JOURNAL OF NUTRITION

SYMPOSIUM: NUTRITION, IMMUNOMODULATION AND AIDS 735

the amount and duration of alcohol consumption in-
fluences the micronutrient intakes in alcoholics.

Recent studies have shown that intakes of various
micronutrients in chronic alcoholics are below the
RDA. For example, up to 75% of alcoholics did not
reach the recommendation for vitamin A (10, 12, 37,
38). Other vitamins with commonly insufficient in-
takes in alcoholics are vitamin C (75% of the alcoholics
had an intake below the RDA) (10, 37, 39), thiamin
(78%) (10, 12, 37, 38), folic acid (78%) (12) and niacin
(66%) (10, 39). The recommendations of the National
Research Council for nonalcoholic healthy individuals
are used as the reference for the assessment of adequate
or inadequate nutrient intakes in alcoholics. However,
no information is available about the micronutrient
requirements for individuals consuming up to 50% of
their energy in form of alcohol, which are certainly
higher than those for nonalcohol-consuming healthy
individuals. If this is indeed the case, the frequency
of inadequate micronutrient intakes in alcohol abusers
would be higher as it is reported in various studies.

The nutrient intake alone, however, is not sufficient
for the evaluation of the nutritional status of alcohol
abusers. Biochemical and anthropometric measure-
ments are needed additionally because alcohol has an
impact on the absorption, utilization, storage and ex-
cretion of micronutrients. Alcohol has direct effects
on the structure, function and motility of the small
intestine (14, 16). These effects vary depending on the
concentration of alcohol that is consumed. As a con-
sequence, malabsorption of water-soluble vitamins is
common to a moderate degree in alcohol abusers.
Acute alcohol intake reduces the active absorption of
folic acid. In chronic alcoholics, folic acid absorption
was only impaired by alcohol in malnourished indi-
viduals (14). Acute alcohol further inhibits the uptake
of thiamin and ascorbic acid, whereas chronic alcohol
abuse decreases the absorption of thiamin and vitamin
B-12 (16). There are no data published showing an im-
pairment of the absorption of fat-soluble vitamins with
alcohol abuse.

Alcohol interferes with the metabolism and utili-
zation of various nutrients. For example, the conver-
sion of thiamin to its active form as well as the utili-
zation of the active form are affected by alcohol (40).
Further, the hepatic formation and the release of 5-
methyl-tetrahydrofolic acid, the conversion of pyri-
doxine to its active form and the hepatic activation of
vitamin A are all impaired by alcohol (40). Alcoholics
with fatty liver demonstrated decreased hepatic con-
centrations of water-soluble vitamins and of vitamin
A (41). In alcoholics with alcoholic liver disease, he-
patic vitamin A levels progressively decrease with in-
creasing severity of liver injury (42). Alcohol induces
hepatic microsomal enzymes for the oxidation of ret-
inol to polar metabolites, which increases the hepatic
vitamin A depletion (42). In addition, alcohol pro-
motes vitamin A mobilization from the liver (43). Al-

coholic subjects without cirrhosis excrete abnormally
large amounts of zinc in the urine (12). Increased uri-
nary losses of calcium, magnesium and phosphate have
also been reported after alcohol ingestion (41). The
combination of reduced nutrient intake, decreased
absorption, utilization and storage increased excretion,
as well as the increased requirements, affect the an-
tioxidant status in alcohol abusers. Several studies have
shown that the serum antioxidant status (a-tocopherol,
retinol, 8-carotene, selenium, zinc) in alcoholics is sig-
nificantly decreased compared with controls (44-46).
All these antioxidants exert a strong impact on im-
munocompetence and the reduced serum concentra-
tions of these micronutrients may contribute to the
nutritional immunosuppression observed in heavy al-
cohol abusers. Clearly, the multiple effects of alcohol
abuse on the nutritional status may result in malnu-
trition in these subjects with its known effect on im-
mune functions (1, 2).

COMBINED EFFECT OF ALCOHOL AND
MALNUTRITION ON IMMUNOCOMPETENCE

So far, very few studies have investigated the com-
bined effects of heavy alcohol consumption and al-
cohol-induced malnutrition on the immunocompe-
tence in alcohol abusers under controlled conditions.
In one study with six noncirrhotic alcoholics who were
fully restored in nutrition, subjects were supplied with
320 mL of pure alcohol/d for 20 d (47). Immunological
tests were performed before and after that period. This
study revealed remarkably little alteration of immune
responses in well-nourished alcoholics given a large
amount of alcohol. Chemotaxis was the only function
found to be diminished with the high alcohol intake.
The data from this and other similar studies (48) clearly
demonstrate that alcohol-mediated immune cell dam-
age only occurs in malnourished alcoholics.

The cytotoxic activity of natural killer cells from
alcoholics with liver disease is reduced compared with
healthy control subjects and with alcoholics without
liver disease (25, 26). The poorer the nutritional status
of the alcoholics with liver disease, the more severe
was the deficit in natural killer cell activity. Response
to standard skin testing in alcoholics without liver
disease was also impaired (13). Twenty-nine percent
of the alcoholics showed anergy to the skin testing,
while 62% of them were malnourished, which again
emphasizes the combined immunotoxic effects of
malnutrition and alcohol. These few studies suggest
that only the combination of heavy alcohol intake and
malnutrition results in immunosuppression. However,
more studies with alcohol abusers without liver disease

are needed to study the immunosuppressive effects of
alcohol.
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DOES ALCOHOL ABUSE PREDISPOSE
FOR HIV INFECTIONS?

Many clinical studies have reported increased sus-
ceptibility to infection in alcohol abusers and a lack
of normal response to infections in alcohol-fed animals
(5, 6). The direct immunotoxic effects of alcohol and
the effect of alcohol-induced malnutrition on the im-
mune status may predispose alcohol abusers to the re-
ported higher risk of infections. Recently, several au-
thors speculated on the role of alcohol as a cofactor in
HIV infection and progression to acquired immuno-
deficiency syndrome (AIDS) (49, 50). Possible roles of
alcohol abuse in enhancing HIV infection were by
suppressing host defense and by facilitating viral entry
through mucosal tissue. No evidence exists, so far,
that alcohol abuse is directly associated with the de-
velopment of AIDS. In a multicenter cohort study of
homosexual men, the role of alcohol in accelerating
immunodeficiency in HIV-positive individuals during
an 18-mo period was studied (51). Alcohol drinkers
showed no significantly higher risk of AIDS than non-
drinkers. However, the group with the highest alcohol
intake was defined by having two cans of beer or more
per day. By mixing moderate with heavy alcohol
drinkers the immunosuppressive effects of heavy al-
cohol abuse may have been diluted. This point really
questions the significance of the study. Natural killer
cells from AIDS patients exposed to alcohol in the test
tube are depressed in their capacity to destroy tumor
cells, which was not seen with natural killer cells from
healthy individuals (52). HIV-positive individuals
abusing alcohol could increase their risk of opportu-
nistic infections and accelerate the progression of HIV
infection to active AIDS by depressing the immune
mechanisms that control the immunosuppressive im-
pact of HIV (50).

In summary, alcohol is a nutrient that directly im-
pairs host defense mechanisms and immune functions.
Heavy alcohol abuse further induces malnutrition and
in consequence immunosuppression. Chronic alco-
holics are therefore exposed to a high risk of infections,
including HIV. Immunosuppression, directly by al-
cohol and its metabolites and indirectly by malnutri-
tion, has real potential to change resistance to HIV
and to accelerate the progression of HIV infection to
active AIDS.
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