
People who abuse alcohol1 are at
risk for numerous alcohol-related
medical complications, includ-

ing those affecting the blood (i.e., the
blood cells as well as proteins present
in the blood plasma) and the bone
marrow, where the blood cells are
produced. (For more information on
the blood’s composition and on the
various types of blood cells and their
production, see sidebar, pp. 50–51.)
Alcohol’s adverse effects on the blood-
building, or hematopoietic, system are

both direct and indirect. The direct
consequences of excessive alcohol
consumption include toxic effects on
the bone marrow; the blood cell pre-
cursors; and the mature red blood
cells (RBC’s), white blood cells
(WBC’s), and platelets. Alcohol’s
indirect effects include nutritional
deficiencies that impair the production
and function of various blood cells. 

These direct and indirect effects of
alcohol can result in serious medical
problems for the drinker. For example,
anemia2 resulting from diminished
RBC production and impaired RBC
metabolism and function can cause
fatigue, shortness of breath, lighthead-
edness, and even reduced mental capac-
ity and abnormal heartbeats. A decrease

in the number and function of WBC’s
increases the drinker’s risk of serious
infection, and impaired platelet produc-
tion and function interfere with blood
clotting, leading to symptoms ranging
from a simple nosebleed to bleeding in
the brain (i.e., hemorrhagic stroke). Fin-
ally, alcohol-induced abnormalities in
the plasma proteins that are required for
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1In this article, the terms “chronic alcohol abuse” or
“chronic excessive alcohol consumption” refer to the
ingestion of 1 pint or more of 80- to 90-proof alcohol
(i.e., about 11 drinks) per day. However, alcohol-
related hematological problems can occur at much
lower consumption levels. The drinker’s risk for
developing these problems grows with increasing
alcohol consumption.

2For the definition of this and other technical terms
used in this article, see the central glossary, pp. 93–96.



blood clotting can lead to the formation
of blood clots (i.e., thrombosis).

This article summarizes current
information on the consequences of
excessive alcohol consumption on the
bone marrow and on the production
and function of RBC’s, WBC’s, plate-
lets, and plasma proteins.

ALCOHOL’S EFFECTS ON THE
BONE MARROW AND ON RBC
PRODUCTION

Alcohol is the most commonly used
drug whose consequences include the
suppression of blood cell production,
or hematopoiesis. Because its toxic
effects are dose dependent, however,
significantly impaired hematopoiesis
usually occurs only in people with
severe alcoholism, who also may suffer
from nutritional deficiencies of folic
acid and other vitamins that play a role
in blood cell development. Chronic
excessive alcohol ingestion reduces the
number of blood cell precursors in the
bone marrow and causes characteristic
structural abnormalities in these cells,
resulting in fewer-than-normal or non-
functional mature blood cells. As a
result, alcoholics may suffer from
moderate anemia, characterized by
enlarged, structurally abnormal RBC’s;
mildly reduced numbers of WBC’s,
especially of neutrophils; and moder-
ately to severely reduced numbers of
platelets. Although this generalized
reduction in blood cell numbers (i.e.,
pancytopenia) usually is not progres-
sive or fatal and is reversible with ab-
stinence, complex aberrations of
hematopoiesis can develop over time
that may cause death.

Many bone marrow abnormalities
occurring in severe alcoholics affect
the RBC precursor cells. These abnor-
malities most prominently include
precursors containing fluid-filled

cavities (i.e., vacuoles) or characteris-
tic iron deposits.

Development of Vacuoles in RBC
Precursors

The most striking indication of alco-
hol’s toxic effects on bone marrow
cells is the appearance of numerous
large vacuoles in early RBC precursor
cells. It is unknown whether these
vacuoles affect the cell’s function and
thus the drinker’s health; however,
their appearance generally is consid-
ered an indicator of excessive alcohol
consumption.3 The vacuoles usually
appear in the pronormoblasts 5 to 7
days following the initiation of heavy
alcohol consumption. Moreover, the
vacuoles on average disappear after 3
to 7 days of abstinence, although in
some patients they persist for up to 2
weeks.

To a lesser extent, vacuoles also
develop in the granulocyte precursors
of alcoholics. This finding is not
specifically alcohol related, however,
because other events that interfere
with WBC production (e.g., infec-

tions) may induce similar structural
changes in the granulocyte precursors.

The precise mechanism underly-
ing vacuole development in blood
cell precursors currently is unknown.
Microscopic analyses of early blood
cell precursors grown in tissue cul-
ture suggest that when the cells are
exposed to a wide range of alcohol
concentrations, the membrane sur-
rounding each cell is damaged. These
alterations in membrane structure may
play an influential role in vacuole
formation.

Sideroblastic Anemia

One component of RBC’s is hemo-
globin, an iron-containing substance
that is essential for oxygen transport.
Sometimes, however, the iron is not
incorporated properly into the hemo-
globin molecules. Instead, it is con-
verted into a storage form called
ferritin, which can accumulate in RBC
precursors, often forming granules that
encircle the cell’s nucleus. These fer-
ritin-containing cells, which are called
ringed sideroblasts, cannot mature
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ALCOHOL’S EFFECTS ON IRON METABOLISM

In addition to interfering with the proper absorption of iron into the
hemoglobin molecules of red blood cells (RBC’s), alcohol use can lead
to either iron deficiency or excessively high levels of iron in the body.
Because iron is essential to RBC functioning, iron deficiency, which is
commonly caused by excessive blood loss, can result in anemia. In many
alcoholic patients, blood loss and subsequent iron deficiency are caused
by gastrointestinal bleeding. Iron deficiency in alcoholics often is diffi-
cult to diagnose, however, because it may be masked by symptoms of
other nutritional deficiencies (e.g., folic acid deficiency) or by coexisting
liver disease and other alcohol-related inflammatory conditions. For an
accurate diagnosis, the physician must therefore exclude folic acid
deficiency and evaluate the patient’s iron stores in the bone marrow.

Conversely, alcohol abuse can increase iron levels in the body. For
example, iron absorption from the food in the gastrointestinal tract may
be elevated in alcoholics. Iron levels also can rise from excessive
ingestion of iron-containing alcoholic beverages, such as red wine. The
increased iron levels can cause hemochromatosis, a condition character-
ized by the formation of iron deposits throughout the body (e.g., in the
liver, pancreas, heart, joints, and gonads). Moreover, patients whose
chronic alcohol consumption and hemochromatosis have led to liver
cirrhosis are at increased risk for liver cancer.

3Less commonly, vacuole development in pronor-
moblasts also can occur after treatment with the
antibiotic chloramphenicol. The two conditions can
easily be distinguished, however, because in contrast
to the alcohol-induced vacuolation, chloramphenicol-
induced vacuolation is accompanied by the disappear-
ance of virtually all later RBC precursors.



further into functional RBC’s. As a
result, the number of RBC’s in the
blood declines and patients develop
anemia. Many patients also have some
circulating RBC’s that contain ferritin
granules called Pappenheimer bodies.
The presence of these cells in the
blood serves as an indicator of sider-
oblastic anemia and can prompt the
physician to perform a bone marrow
examination to confirm the diagnosis.

Sideroblastic anemia is a common
complication in severe alcoholics:
Approximately one-third of these

patients contain ringed sideroblasts
in their bone marrow. Alcohol may
cause sideroblastic anemia by interfer-
ing with the activity of an enzyme that
mediates a critical step in hemoglobin
synthesis. (For information on other
effects of alcohol on iron metabolism,
see box, p. 43) Abstinence can reverse
this effect: The ringed sideroblasts
generally disappear from the bone
marrow within 5 to 10 days, and RBC
production resumes. In fact, excess
numbers of young RBC’s called retic-
ulocytes can accumulate temporarily
in the blood, indicating higher-than-
normal RBC production.

Megaloblastic Anemia

Blood cell precursors require folic
acid and other B vitamins for their
continued production. Under condi-
tions of folic acid deficiency, precur-
sor cells cannot divide properly and
large immature and nonfunctional
cells (i.e., megaloblasts) accumulate
in the bone marrow as well as in the
bloodstream. This impaired hema-
topoiesis affects mainly RBC’s, but
also WBC’s and platelets. The result-
ing deficiency in RBC’s, WBC’s, and
platelets (i.e., pancytopenia) has
numerous adverse consequences for
the patient, including weakness and
pallor from anemia, infections result-
ing from reduced neutrophil num-
bers, and bleeding as a result of the
lack of platelets.

Megaloblasts occur frequently in
the bone marrow of alcoholics; they
are particularly common among alco-
holics with symptoms of anemia,
affecting up to one-third of these
patients. These alcoholics generally
also have reduced folic acid levels in
their RBC’s. The most common cause
of this deficiency is a diet poor in
folic acid, a frequent complication in
alcoholics, who often have poor nutri-
tional habits. In addition, alcohol
ingestion itself may accelerate the
development of folic acid deficiency
by altering the absorption of folic acid
from food.

ALCOHOL-RELATED RBC
DISORDERS

Alcohol-related abnormalities in RBC
production manifest themselves not
only in the bone marrow but also
through the presence of defective
RBC’s in the blood. For example,
grossly enlarged RBC’s can occur in
the blood—a condition called macro-
cytosis—as well as oddly shaped
RBC’s that are subject to premature or
accelerated destruction (i.e., hemoly-
sis) because of their structural abnor-
malities. As a result, alcoholics
frequently are diagnosed with anemia
(figure 1).

Macrocytosis

The routine examination of blood
samples from alcoholic and nonalco-
holic patients using automated blood
cell counters has resulted in the identi-
fication of many people in whom the
average size of individual RBC’s—
the mean corpuscular volume
(MCV)—is significantly larger than
normal. However, an increased MCV
does not automatically lead to a diag-
nosis of macrocytosis. For example,
cells with an increased MCV can be
found in patients with folic acid or
vitamin B12 deficiency (as in the case
of megaloblastic anemia) or with
chronic liver disease. Moreover, the
presence of enlarged RBC’s in the
blood can be indicative of a variety of
disorders in addition to alcoholism,
including different kinds of anemia
and a dysfunction of the thyroid
gland. To establish a diagnosis of
macrocytosis, the physician must
examine the blood cells under a
microscope to identify structural fea-
tures characteristic for each disorder.
Thus, the enlarged RBC’s in patients
with macrocytosis generally are uni-
formly round, in contrast to the more
oval cells characteristic of megalo-
blastic anemia. In addition, a diagno-
sis of macrocytosis resulting from
alcohol requires that the physician
investigate all potential causes of
RBC enlargement, including the pa-
tient’s alcohol-consumption history.
(For more information on the use of
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Figure 1 Causes of anemia in alco-
holics. Alcohol, as well as alcohol-
induced cirrhosis, leads to decreased
red blood cell (RBC) production.
Hypersplenism, a condition charac-
terized by an enlarged spleen and
deficiency of one or more blood cell
types, can induce premature RBC
destruction. Blood loss occurs pri-
marily in the gastrointestinal tract
(e.g., at the sites of peptic ulcers)
and is increased in patients with
reduced platelet numbers. Folic acid
deficiency impairs RBC production
and results from decreased inges-
tion, decreased absorption, and
abnormal metabolism of folic acid.

SOURCE: Adapted with permission from
Cornwell, G.G., III. Hematologic Complications of
Alcohol. Unit 3. Developed by the Project Cork
Institute at Dartmouth Medical School. Timonium,
MD: Milner-Fenwick, 1981.
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the MCV and other blood-based vari-
ables as markers of alcohol consump-
tion, see sidebar, p. 48–49.)

People who drink excessive
amounts of alcohol can develop
macrocytosis even in the absence of
other factors associated with RBC
enlargement, such as alcoholic liver
disease or folic acid deficiency. In
fact, alcohol abuse is the disorder most
commonly associated with macrocyto-
sis: Up to 80 percent of men and 46
percent of women with macrocytosis
have been found to be alcoholics. The
precise mechanism underlying macro-
cytosis still is unknown. However,
alcohol appears to interfere directly
with RBC development, because the
macrocytes disappear within 2 to 4
months of abstinence.

Hemolytic Anemia

Hemolysis can be an underlying cause
of anemia, and several types of hemo-
lytic anemia may be caused by chron-
ic heavy alcohol consumption. Two of
these disorders are characterized by
the presence of malformed RBC’s—
stomatocytes and spur cells—whereas
one alcohol-related hemolytic anemia
is caused by reduced phosphate levels
in the blood (i.e., hypophosphatemia).

Diagnosing hemolysis in alcoholic
patients is not easy, because these
patients frequently exhibit confound-
ing conditions, such as alcohol with-
drawal, abnormal folic acid levels,
bleeding, or an enlarged spleen.

Stomatocyte Hemolysis. Stomatocytes
are RBC’s with a defect in their mem-
branes that causes the cells to assume
a mouth-, or stoma-, like shape when
examined under a microscope (figure
2). Stomatocytes have a shortened life
span because they become trapped in
the small capillaries of the spleen and
are subsequently destroyed. In healthy
people, stomatocytes account for less
than 5 percent of the RBC’s, whereas
their number can be significantly high-
er in alcoholics. In fact, more than 25
percent of alcoholics exhibit an in-
creased proportion of stomatocytes in
the blood (i.e., stomatocytosis). 

The exact mechanism by which
alcohol causes the formation of stom-
atocytes still is unclear. Alcohol-
related liver disease may play a role
in the development of stomatocyte
hemolysis, because all four of the binge-
drinking alcoholics in whom stomatocy-
tosis originally was identified also had
some evidence of liver dysfunction.
Alternatively, alcohol may directly

affect the RBC’s. This hypothesis is
supported by the observation that in
the four original patients, the stomato-
cytes disappeared during abstinence,
but reappeared when alcohol con-
sumption was resumed.

Spur-Cell Hemolysis. Spur cells are
distorted RBC’s that are characterized
by spikelike protrusions of their cell
membrane (figure 2). These spurs are
caused by the incorporation of excess
amounts of cholesterol into the cell
membrane, resulting in an increase of
the cell’s surface area without a corre-
sponding increase in cell volume. Mod-
estly elevated membrane cholesterol
levels result in a flattened RBC shape,
whereas larger increments of choles-
terol cause the membrane to be thrown
up into spikes. Spur cells may be pre-
maturely eliminated in the spleen.

Spur-cell hemolysis occurs in about
3 percent of alcoholics with advanced
liver disease, causing anemia that pro-
gresses relentlessly and is eventually
fatal. Clinicians have tried unsuccessful-
ly to treat the disorder using various
agents with cholesterol-lowering prop-
erties. Consequently, surgical removal
of the spleen is the only treatment capa-
ble of slowing the hemolytic process.
Most alcoholic patients with spur-cell
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Figure 2 Alcohol-induced structural abnormalities in red blood cell (RBC) structure. (A) Normal RBC’s have a characteristic
disclike shape; the cell in the center is a neutrophil. (B) Stomatocytes have a defect in their membranes that causes
them to assume a mouth-, or stoma-, like shape when viewed under a microscope. (C) Spur cells are characterized by
spikelike protrusions that result from the assimilation of excess cholesterol into the cell’s membrane.

SOURCES: Images A and B are used with permission from the American Society of Hemotology Slide Bank. Image C is used with permission from Cornwell,
G.G., III. Hematologic Complications of Alcohol. Unit 3. Developed by the Project Cork Institute at Dartmouth Medical School. Timinonium, MD: Milner-
Fenwick, 1981. 
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hemolysis, however, are not acceptable
candidates for major abdominal surgery,
because their coexisting advanced liver
disease increases their risk of bleeding.
Moreover, the procedure may precipi-
tate liver failure.

Hypophosphatemia. Although hy-
pophosphatemia-induced hemolysis is
rare, its most common cause is alco-
holism, especially during the with-
drawal phase. Phosphate is an essential
component of adenosine triphosphate
(ATP), a compound that provides
energy for many cellular processes.
Alcohol causes phosphate to be excret-
ed with the urine. Profound hypophos-
phatemia may cause the phosphate
and ATP levels in the RBC’s to de-
cline substantially. This depletion of
the store of ATP in the RBC’s leads to
increased rigidity of the RBC mem-
branes, eventually damaging the cells.
These damaged cells are prematurely
destroyed in the spleen, and the patient
may develop acute hemolytic anemia.

ALCOHOL’S EFFECT ON WBC’S

Since the 1920’s, clinicians have noted
an association between excessive alco-
hol ingestion and the development of
infections. These observations suggest
that alcohol interferes with the normal
production and/or function of WBC’s,
which form the body’s defense against
microorganisms and other foreign
substances. Because alcoholics com-
monly develop bacterial infections,
much research has focused on alco-
hol’s effects on neutrophils, the prima-
ry cell of defense against bacterial
invasion. However, alcohol also im-
pairs the function of monocytes and
macrophages, which attack bacteria and
other microorganisms, and of lympho-
cytes, which mediate the immune re-
sponse. Alcohol-induced impairment
of neutrophils and monocytes is dis-
cussed in the following sections.
(Alcohol’s effects on the immune
system are reviewed in detail in the
article by Szabo, pp. 30–41.)

Neutrophils

When a severe bacterial infection
occurs, the body’s response usually
includes an increase in the number of
WBC’s—especially neutrophils—in
the blood, a condition called leukocy-
tosis. In contrast, alcoholics suffering
from bacterial infections often exhibit
a reduced number of neutrophils in the
blood (i.e., neutropenia). For example,
in a study of 10 alcoholics with severe
bacterial pneumonia or other bacterial
infections, neutropenia was present in
5 patients when they were admitted to
the hospital and developed in the other
5 patients within 24 to 48 hours (Mc-
Farland and Libre 1963). The neutro-
penia was transient, however, and in
several patients a rebound leukocytosis
occurred between 5 and 10 days after
hospital admission.

The observed neutropenia may be
related to impaired neutrophil devel-
opment in the bone marrow. Thus,
bone marrow analysis of alcoholic
patients during the neutropenic stage
demonstrated that virtually none of
the neutrophil precursors had matured
beyond an early developmental stage.
Moreover, the neutrophil stores that
are maintained in the bone marrow to
allow a quick response to a bacterial
infection were depleted more rapidly
in active alcoholics than in healthy
control subjects.

Alcohol consumption also inter-
feres with the neutrophils’ ability to
reach the site of an infection or inflam-
mation (i.e., neutrophil delivery).
When traveling to such a site, the neu-
trophils adhere to the walls of the
blood vessels before migrating out of
the blood vessels into the affected
tissue. In tissue-culture experiments
using nylon fibers to mimic this adher-
ence, neutrophils could not adhere to
the fibers if the blood samples were
incubated with alcohol. This effect
was more pronounced the higher the
alcohol doses were. Neutrophils ob-
tained from intoxicated volunteers had
the same defect. The degree and dura-
tion of this adherence defect correlated
with the inhibition of neutrophil deliv-
ery observed in the body. Moreover,
drugs that corrected the adherence

defect in tissue-culture experiments
also improved neutrophil delivery in
humans.

The function of neutrophils, includ-
ing their adhesion ability, is regulated
by hormonelike substances called
leukotrienes. Thus, the impaired neu-
trophil functioning observed after
alcohol treatment could be attributable
to reduced leukotriene production or to
the neutrophils’ inability to respond to
the leukotrienes. Some research results
indicate that alcohol can interfere with
leukotriene production. 

In an effort to overcome or prevent
the alcohol-induced impairment of the
body’s antibacterial defense, research-
ers have studied the effects of a growth
factor called granulocyte-colony stim-
ulating factor (G-CSF) in animal ex-
periments. During normal neutrophil
production in the bone marrow, G-CSF
promotes the multiplication and func-
tional activity of neutrophils. The
studies found that G-CSF stimulated
neutrophil recruitment specifically to
the site of an infection and ameliorated
the alcohol-induced impairment in the
defense against bacterial infections.

Monocytes and Macrophages

The monocyte-macrophage system,
like neutrophils, constitutes an impor-
tant line of defense against infections.
Monocytes and macrophages clear
invading microorganisms as well as
foreign or defective proteins from the
blood by engulfing and subsequently
destroying them. Alcohol interferes
with the function of the monocyte-
macrophage system, with clinically
significant consequences. For exam-
ple, compared with healthy people,
alcoholics are less resistant to infec-
tions by microorganisms that normally
are eradicated by monocytes and
macrophages, such as the bacteria that
cause tuberculosis and various forms
of pneumonia. Similarly, studies of
intoxicated laboratory animals demon-
strated reduced elimination of bacteria
by the monocyte-macrophage system.
These effects generally appear to be
temporary. Thus, in alcoholic patients
whose monocyte-dependent elimina-
tion of a defective form of albumin (a
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protein normally present in the blood)
is reduced at admission to a hospital,
monocyte function generally returns
to normal within 1 week of abstinence
from alcohol. Further studies indicate
that alcohol impairs monocyte/macro-
phage function rather than production.
Thus, the cells frequently remain at
their normal locations in the tissues
rather than migrate to the sites of in-
fections. In addition, alcohol inhibits
the monocytes’ adhesion abilities.

ALCOHOL’S EFFECTS ON THE

BLOOD-CLOTTING SYSTEM

Blood clotting, or coagulation, an
important physiological process that
ensures the integrity of the vascular
system, involves the platelets, or
thrombocytes,4 as well as several pro-
teins dissolved in the plasma. When a
blood vessel is injured, platelets are
attracted to the site of the injury,
where they aggregate to form a tem-
porary plug. The platelets secrete
several proteins (i.e., clotting factors)
that—together with other proteins
either secreted by surrounding tissue
cells or present in the blood—initiate
a chain of events that results in the
formation of fibrin. Fibrin is a stringy
protein that forms a tight mesh in the
injured vessel; blood cells become
trapped in this mesh, thereby plugging
the wound. Fibrin clots, in turn, can
be dissolved by a process that helps
prevent the development of thrombo-
sis (i.e., fibrinolysis).

Alcohol can interfere with these
processes at several levels, causing,
for example, abnormally low platelet
numbers in the blood (i.e., thrombocy-
topenia), impaired platelet function
(i.e., thrombocytopathy), and dimin-
ished fibrinolysis. These effects can
have serious medical consequences,
such as an increased risk for strokes.

Thrombocytopenia

Thrombocytopenia is a frequent com-
plication of alcoholism, affecting 3 to
43 percent of nonacutely ill, well-
nourished alcoholics and 14 to 81
percent of acutely ill, hospitalized
alcoholics. Thus, apart from acquired
immune deficiency syndrome (AIDS),
alcoholism probably is the leading
cause of thrombocytopenia. Except
for the most severe cases, however,
the patients generally do not exhibit
manifestations of excessive bleeding.
Moreover, alcohol-related thrombocy-
topenia generally is transient, and
platelet counts usually return to nor-
mal within 1 week of abstinence.5

Therefore, patients generally require
no therapeutic intervention other than
that needed to ease alcohol withdraw-
al. Only in patients whose thrombocy-
topenia is severe and associated with
excessive bleeding are platelet trans-
fusions indicated.

In many patients with thrombocy-
topenia, rebounding platelet numbers
even exceed normal values. This re-
bound thrombocytosis after cessation
of alcohol consumption also occurs in
the majority of patients whose platelet
counts are normal at the time of hospi-
talization. In these patients, the extent
of the excess in circulating platelets
usually is higher than in patients pre-
senting with thrombocytopenia.

The exact mechanisms underlying
alcohol-related thrombocytopenia
remain unknown. Some researchers
have suggested that alcohol intoxica-
tion itself, rather than alcohol-related
nutritional deficiencies, causes the
decrease in platelet numbers. This
view is supported by findings that
thrombocytopenia developed in
healthy subjects who received a diet
containing adequate protein and vita-
min levels (including large doses of
folic acid) and consumed the equiva-
lent of 1.5 pints (i.e., 745 milliliters)
of 86-proof whiskey for at least 10
days (Lindenbaum 1987). The sub-
jects’ platelet levels returned to nor-

mal when alcohol consumption was
discontinued. Similarly, platelet counts
can be reduced in well-nourished alco-
holics who do not suffer from folic
acid deficiency. The available data
also suggest that alcohol can interfere
with a late stage of platelet production
as well as shorten the life span of
existing platelets.

Individual drinkers appear to differ
in their susceptibility to alcohol-induced
thrombocytopenia. Thus, clinicians
have noted that some people who con-
sume alcohol in excess repeatedly dev-
elop thrombocytopenia (often severely),
whereas other drinkers maintain nor-
mal platelet levels. 

In addition to differences in the
quantity of alcohol consumed, inherited
or acquired variations in an individual
drinker’s biochemistry may account for
these differences in susceptibility.

Thrombocytopathy

Alcohol affects not only platelet pro-
duction but also platelet function.
Thus, patients who consume excessive
amounts of alcohol can exhibit a wide
spectrum of platelet abnormalities
when admitted to a hospital. These
abnormalities include impaired
platelet aggregation, decreased secre-
tion or activity of platelet-derived
proteins involved in blood clotting,
and prolongation of bleeding in the
absence of thrombocytopenia.

Because alcohol impairs the func-
tion of the normal blood-clotting sys-
tem, it also can adversely interact with
over-the-counter and prescription
medications that prolong bleeding or
prevent coagulation. For example,
alcohol can potentiate the prolongation
of bleeding time caused by aspirin and
other nonsteroidal anti-inflammatory
drugs (NSAID’s) (e.g., ibuprofen or
indomethacin), particularly when alco-
hol ingestion equivalent to about four
drinks occurs simultaneously with or
following ingestion of normal doses of
these medications. As a result, the
concomitant use of alcohol and aspirin
or NSAID’s greatly increases the
patient’s risk for gastrointestinal
bleeding. Similarly, alcohol can en-
hance aspirin-induced fecal blood loss.

VOL. 21, NO. 1, 1997 47

Hematological Complications of Alcoholism

4Platelets actually are not intact cells but disc-shaped
cell fragments without nuclei that are released from
giant precursor cells in the bone marrow called
megakaryocytes.

5Failure of the platelet counts to rise after 5 to 7 days
of abstinence usually indicates the presence of another
underlying disorder affecting the platelets.



To prevent such adverse reactions,
health care professionals should proac-
tively counsel patients who regularly
consume alcohol about the proper
choice and safe use of aspirin and
other over-the-counter NSAID’s.

Alcohol also can interact with
anticoagulants, prescription medica-
tions that prevent blood clotting and
which are used to treat patients who
are at increased risk of developing
thrombosis or an embolism in the
lung. One commonly used anticoagu-

lant is warfarin. However, warfarin
treatment is not indicated for alcoholic
patients, because alcohol ingestion
can significantly interfere with the
proper management of warfarin main-
tenance therapy.

Fibrinolysis

The body’s ability to prevent exces-
sive bleeding using the coagulation
system is balanced by the fibrinolytic
system, which helps ensure blood flow

in peripheral organs and tissues by
dissolving inappropriate fibrin clots.
Alcohol’s effect on fibrinolysis is con-
troversial. Whereas some older studies
reported an increase in fibrinolytic
activity after alcohol consumption,
more recent, better controlled studies
have demonstrated that alcohol dimin-
ishes fibrinolysis the day after alcohol
ingestion or during prolonged alcohol
consumption. These observations
suggest that alcoholics may be at in-
creased risk for thrombosis.
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An important focus of alcohol
research is the search for biological
markers that could be used in sim-
ple screening tests to identify
people who are at risk for alco-
holism or who already are chronic
heavy drinkers. Two categories of
biological markers exist: state
markers, which reflect a person’s
alcohol consumption, and trait
markers, which indicate a predis-
position for alcoholism. 

State markers fall into two main
groups: screening markers and
relapse markers. Screening mark-
ers, which detect chronic alcohol
consumption, could complement
information obtained from patients
in the course of taking their med-
ical history. This physical infor-
mation could provide important
diagnostic clues because, as clin-
ical observations suggest, many
people do not accurately report
their level of alcohol consumption.
Thus, screening markers could be
useful in the early identification of
alcoholism, especially in patients
who consume alcohol in amounts
that do not lead to acute medical
problems but that could have long-
term behavioral or medical conse-
quences. In contrast, relapse mark-
ers, which are sensitive to acute
alcohol consumption, could play an
important role in monitoring recover-
ing alcoholics and other heavy

HEMATOGICAL MARKERS OF ALCOHOLISM

drinkers. State markers that would
permit the identification of heavy
drinkers even when alcohol is no
longer present in the blood would be
particularly valuable diagnostic tools.

Trait markers could help identify
people at risk for alcoholism who
could benefit most from early, targeted
prevention and intervention approaches.
These high-risk populations most
prominently include first-degree
relatives of alcoholics. Trait markers
also could provide important research
tools for evaluating the genetic and
environmental factors that may pre-
dispose a person to alcoholism.

State Markers  

Chronic ingestion of large quantities of
alcohol alters many physiological and
biological processes and compounds,
including several blood-related (i.e.,
hematological) variables. Because blood
samples are relatively easy to obtain,
structural and functional changes in
circulating blood cells and plasma pro-
teins potentially can form the basis of
laboratory tests for screening, diagnos-
ing, and monitoring alcoholism. Two
hematological state markers commonly
used for these purposes are the presence
of carbohydrate-deficient transferrin
(CDT) in the blood and an increase in
the size of red blood cells (RBC’s), as
measured by the mean corpuscular
volume (MCV).

Carbohydrate-Deficient Transferrin.
CDT is one of the newest—and per-
haps the most promising—of the
hematological state markers. Trans-
ferrin is an iron-containing protein in
the plasma that transports iron, which is
stored at various sites in the body, to
the developing RBC’s in the bone
marrow for incorporation into hemo-
globin. Transferrin molecules in the
blood usually contain several carbo-
hydrate components. In chronic heavy
drinkers, however, the number of
carbohydrate components in each trans-
ferrin molecule is reduced, resulting in
CDT. The mechanism underlying this
alteration still is unclear.

Because elevated CDT levels in the
blood appear to be a specific conse-
quence of excessive alcohol consump-
tion, a recent study investigated the
utility of repeatedly monitoring serum
CDT to detect relapse among recover-
ing alcoholics. The study found that in
most of the subjects who relapsed, the
elevation of CDT levels preceded
self-reported alcohol consumption by
at least 28 days. These findings sug-
gest that repeated testing of alcoholic
patients for CDT permits early relapse
detection and thus may lead to early
intervention. Early intervention, in
turn, may decrease the need to
rehospitalize patients for alcohol with-
drawal and prevent some of the com-
plications associated with sustained
excessive drinking.



Fibrinolysis is controlled in part by
the presence in the blood of two pro-
teins: tissue plasminogen activator
(TPA) and plasminogen activator in-
hibitor 1 (PAI-1). TPA promotes fibri-
nolysis, whereas PAI-1 reduces
fibrinolytic activity. The activities of
both proteins must be well balanced to
maintain an adequate level of fibri-
nolyis. Alcohol can alter the activities
of both TPA and PAI-1. Thus, moder-
ate alcohol consumption stimulates
TPA activity. Because increased TPA

activity reduces the risk of inappropri-
ate blood-clot formation, this alteration
may have a beneficial, cardioprotective
effect. Conversely, recent studies also
have indicated that high levels of alco-
hol or its degradation product, acetalde-
hyde, could stimulate PAI-1 production
and thereby suppress fibrinolysis.

Stroke

Alcohol-induced impairment of the
blood-clotting and/or fibrinolytic

systems can have serious medical
consequences. Most significantly,
clinical epidemiological data suggest
that a recent bout of heavy drinking
increases the drinker’s risk of suffer-
ing a hemorrhagic or ischemic stroke.
During a hemorrhagic stroke, the
blood flow to a brain area is impaired
due to a ruptured blood vessel that
results in bleeding in the brain. If the
blood flow is interrupted because a
blood vessel is blocked by a blood
clot, the condition is called an
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Mean Corpuscular Volume. The MCV
is elevated in approximately 50 to 60
percent of people who chronically ingest
excessive alcohol quantities. With the
advent of automated instruments that
determine the MCV during routine blood
counts, physicians and other health care
providers frequently detect elevated
MCV’s in patients who are well
nourished and who have no obvious
disorders to explain this finding. In these
patients, a moderately increased MCV
may be a clue to unsuspected alco-
holism. Analysis of blood smears can
support this diagnosis: In patients with an
alcohol-related increase in MCV, the
enlarged RBC’s are round and of
uniform size. Conversely, in patients
with certain types of anemia that result in
an increased MCV, the RBC’s typically
are oval and of variable size. Because the
MCV usually returns to normal within 2
to 4 months of abstinence, the increase in
RBC size apparently is a direct effect of
alcohol on RBC production.

Trait Markers

Researchers have proposed numerous
genetic and genetically determined
biochemical characteristics that might
potentially serve as trait markers of
alcoholism. Because of the easy avail-
ability of blood samples, many research
efforts have focused on biochemical
markers that can be found in circulating
blood platelets. These studies have

identified two enzymes that appear to
be viable markers of alcoholism and
whose activities can be measured in
isolated platelets: monoamine oxidase
(MAO) and adenylyl cyclase (AC).

Monoamine Oxidase. MAO is an
enzyme that breaks down certain
neurotransmitters (e.g., dopamine
and serotonin) that have been
implicated in mediating various
phenomena related to the risk of
developing alcoholism (e.g., toler-
ance to alcohol’s effects). Although
MAO acts primarily in the brain,
platelets also contain the enzyme.
MAO activity levels are genetically
determined, and many studies have
demonstrated that people with a
certain alcoholism subtype or with
particular psychiatric disorders (e.g.,
schizophrenia and mood disorders)
exhibit abnormally low MAO activ-
ity levels. In fact, low MAO activity
in the platelets and other tissues of
certain alcoholics is the most repli-
cated biological finding in genetic al-
coholism research. The available
data also suggest that low MAO
activity in the platelets predicts a risk
for alcoholism in relatives of a
certain type of alcoholics. This alco-
holism subtype is characterized by an
early age of onset of alcohol-related
problems, frequent social and legal
consequences of drinking, and a
strong genetic predisposition.

Adenylyl Cyclase. AC is an enzyme
that plays a role in the transmission
of signals from a cell’s exterior to
its interior; the enzyme’s levels in
the body are genetically determined.
Several studies have found that AC
levels in the platelets as well as in
some white blood cells are fre-
quently reduced in alcoholics com-
pared with nonalcoholics, even after
long periods of abstinence. Because
a single gene appears to determine
the level of platelet AC activity, it is
likely that low platelet AC activity
is an inherited trait in many alco-
holics and therefore could be used
as a trait marker. Recent studies
indicate, however, that the gene re-
sponsible for low AC levels does
not actually cause alcoholism, but
may increase the risk of developing
the disease.

—Harold S. Ballard
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Blood vessels reach every organ
and tissue in the body, indicating
that the blood and the integrity of
the blood vessels are essential to
maintaining the body’s health and
functioning. The blood’s most
important functions include trans-
porting substances, such as oxygen,
nutrients, waste products to be
excreted, and chemical messengers;
defending the body against foreign
organisms and substances, such as

BLOOD DEVELOPMENT AND COMPOSITION

bacteria, viruses, and fungi; and re-
pairing injured blood vessels. 

Blood cells make up about 45 per-
cent of the blood volume; the remaining
55 percent consists of a watery liquid
called plasma. In addition to water,
plasma contains minerals; nutrients;
regulatory substances, such as
homones; gases, such as oxygen and
carbon dioxide; and proteins. These
proteins include those involved in blood
clotting as well as immune proteins
(i.e., antibodies or immunoglobulins).

Blood Cells

Blood cells fall into three major cate-
gories, each of which has specific
functions, as follows:

• Red blood cells (RBC’s), also called
erythrocytes, transport oxygen
from the lungs to all the cells in the
body and carry carbon dioxide from
the cells back to the lungs.

• White blood cells (WBC’s), or
leukocytes, engage in the body’s

Blood cell development. All types of circulating blood cells develop from a pluripotent stem cell. Under the influence of certain
proteins (i.e., growth factors), this stem cell multiplies and differentiates into increasingly committed precursor cells. Through
several intermediate stages, these precursors differentiate further and develop into the mature cells circulating in the blood or
residing in the tissues.

Myeloid Pluripotent
stem cell

Lymphoid
stem cell

Committed
percursor cells

Megakaryocyte

Platelets Monocyte Neutrophil Eosinophil Basophil Red
blood
cell

Granulocyte

Reticulocyte

Macrophage

Mature
circulating cells

B cell T cell

Plasma cell
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defense against foreign microorga-
nisms or toxic substances as well
as mediate the immune response.

• Platelets help maintain the integri-
ty of the blood vessels by stimulat-
ing blood clotting (i.e., coagulation)
after an injury and thereby stop-
ping the bleeding.

The WBC’s are subdivided fur-
ther into three groups—granulocytes,
monocytes and macrophages, and
lymphocytes—each with specific
functions. Granulocytes recognize
and eliminate microorganisms, espe-
cially bacteria, by ingesting them.
Several types of granulocytes exist.
Cells of the most common type are
called neutrophils. Monocytes
(which circulate in the blood) and
macrophages (monocytes that have
entered the tissues) also ingest and
destroy foreign organisms and sub-
stances. In addition, these cells dis-
play foreign proteins and other
molecules (i.e., antigens) on their
surface and thereby help activate the
body’s immune response. Lym-
phocytes, which mediate and regu-
late the immune response, consist of
two main groups: T cells and B cells.
T cells secrete messenger substances
(i.e., cytokines) that activate and
regulate the immune response. T
cells also kill cells displaying foreign
antigens on their surface (e.g., virus-
infected or transplanted cells). B
cells produce and secrete antibodies
that can bind to foreign antigens.
This binding often is required to
initiate the elimination of foreign
microorganisms.

Hematopoiesis

Although the different blood cells
have distinct structures and functions,
they are all produced at the same site,
the bone marrow, in a complex pro-

cess called hematopoiesis. Hemato-
poiesis involves the multiplication
(i.e., proliferation) of precursor cells,
their specialization (i.e., differenti-
ation) into cells with a specific func-
tion (e.g., oxygen transport or
antibody secretion), and their matura-
tion into functional cells that eventu-
ally circulate in the blood. The
production of all types of blood cells
begins with undifferentiated precursor
cells—so-called pluripotent stem
cells—that can develop into whichev-
er cell type is needed at that time.
Through a series of tightly regulated
intermediary stages, these stem cells
multiply, differentiate, and mature
into hundreds of thousands of func-
tional RBC’s, WBC’s, or platelets,
which then can be released into the
bloodstream (see figure).

Detection of Blood Disorders

To detect blood disorders, physicians
frequently examine small blood sam-
ples (known as blood smears) under a
microscope and assess the appear-
ance, size, and number of the various
blood cells. Each type of blood cell
has a characteristic appearance that
allows its identification in blood
samples. Moreover, the proportion of
the different cell types in the blood is
relatively constant. Consequently,
physicians can diagnose many blood
disorders based on changes in the
appearance or proportion of certain
blood cells. For example, stomatocy-
tosis (an RBC disorder; see main
text) is characterized by abnormal,
mouth-shaped RBC’s.

Another way to identify blood dis-
orders is to perform a complete blood
count (CBC), in which a machine
counts all the cells within a blood
sample. In addition, these machines
can determine several other param-
eters of blood cells, such as their
average size, which may be diagnos-

1 Bone marrow samples can be obtained by
withdrawing tissue from the bone’s interior
with a needle or by removing a small “core” of
marrow.

tic for certain disorders. For ex-
ample, an increase in the average
RBC volume (i.e., the mean
corpuscular volume [MCV]) is
characteristic for a certain type of
anemia.

Many blood disorders result
from impaired or abnormal pro-
duction of blood cells. These dis-
orders can be diagnosed by
microscopic analysis of bone
marrow samples;1 This type of
diagnosis allows the physician to
determine the overall number of
cells in the bone marrow as well
as the proportion of abnormal
cells. Moreover, because each of
the intermediary precursors of the
various blood cell types has a
characteristic appearance that can
be discerned during microscopic
examination, physicians can iden-
tify certain blood disorders based
on the number and type of specif-
ic precursors in the marrow. For
example, different types of
leukemia are characterized by the
accumulation in the bone marrow
of WBC precursors at specific
developmental stages.

—Susanne Hiller-Sturmhöfel

Susanne Hiller-Sturmhöfel is a
science editor of Alcohol Health
& Research World.



ischemic stroke. Alcohol conceivably
can contribute to both conditions by
interfering with the normal coagula-
tion system and by reducing fibrinoly-
sis, respectively.6 For example,
researchers have suggested that acetal-
dehyde interacts with some proteins of
the blood-clotting system and thus
induces abnormal coagulation. In
addition to these direct effects on the
blood components, alcohol may in-
crease the risk of a stroke indirectly
by altering the drinker’s blood pres-
sure; heart rate; tone of the heart mus-
cles; and “thickness,” or viscosity, of
the blood. (For more information on
alcohol’s effects on the cardiovascular
system, see the article by Zakhari, pp.
21–29.)

SUMMARY

Numerous clinical observations sup-
port the notion that alcohol adversely
affects the production and function of
virtually all types of blood cells. Thus,
alcohol is directly toxic to the bone
marrow, which contains the precur-
sors of all blood cells, as well as to the
mature cells circulating in the blood-
stream. Moreover, long-term exces-

sive alcohol consumption can inter-
fere with various physiological, bio-
chemical, and metabolic processes
involving the blood cells. The medical
consequences of these adverse effects
can be severe. They include anemia,
which in severe cases can have debili-
tating effects; an increased risk of
serious bacterial infections; and im-
paired blood clotting and fibrinolysis,
which can cause excessive bleeding
and place the drinker at increased risk
of strokes. These direct effects may be
exacerbated by the presence of other
alcohol-related disorders, such as liver
disease and nutritional deficiencies.
Abstinence can reverse many of alco-
hol’s effects on hematopoiesis and
blood cell functioning.    ■
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6Moderate drinking, however, has been shown to
decrease the risk of ischemic stroke. 

THE PHYSICIANS’ GUIDE TO HELPING PATIENTS 
WITH ALCOHOL PROBLEMS

This easy-to-follow manual provides primary care physicians and other health care
professionals with guidelines on the use of screening and brief intervention procedures
for patients at risk for alcohol problems. The brief intervention procedures are designed
for use in primary care settings during routine patient visits. Also available is the
companion brochure for patients, “How to Cut Down on Your Drinking,” presenting
tips for those whose doctors have advised them to reduce their alcohol consumption
and are taking steps to follow that advice.

To order your free copies of the Physicians’ Guide and the patient brochure, write to:
National Institute on Alcohol Abuse and Alcoholism, Publication Distribution Center,

P.O. Box 10686, Rockville, MD 20849–0686 Fax: (202) 842–0418.
Full text of both publications is available on NIAAA’s World Wide Web site at http://www.niaaa.nih.gov


