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ABSTRACT

AUD is a prevalent disease that impacts hundreds of millions of individuals worldwide. AUD remains underdiagnosed in clinical settings, with the main
factor in this being related to non-disclosure of drinking habits. However, peripheral blood smears can provide hematological clues and diagnostic markers
to prompt further investigation into AUD. Two findings in particular— basophilic stippling and macrocytosis— can serve as early markers of alcohol induced
physiological dysfunction. This paper seeks to investigate the diagnostic value of these often-incidental findings, with a focus on their underlying systemic
mechanisms and how this links to vitamin B12, folate, and B6 deficiencies that are common in AUD. Macrocytosis in the context of AUD can have causes
that are megaloblastic and non-megaloblastic, with this distinction underscoring the different etiologies and pathologies of these conditions. Both can reveal
underlying liver dysfunction and nutritional deficiencies like vitamin B12, and folate based on erythrocyte morphology. Basophilic stippling in the context
of AUD can point towards toxin induced changes and disrupted RNA degradation from impaired erythropoiesis. This finding often reveals oxidative stress
and deficiencies in vitamin B6. When macrocytosis and basophilic stippling are observed together, they can prompt further investigation into nutritional
deficiencies and liver enzyme function. Through this, the proper identification of AUD can be established. Understanding the morphological distinctions
can help aid in differential diagnosis of alcohol-induced anemias and nutritional deficiencies from other etiologies, thus helping with timely intervention for
this common disease.
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often seen on peripheral blood smears. According to the
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MCH : Mean Corpuscular Hemoglobin “attributed to aggregates of ribosomes or fragments of ribosomal
MCV . Mean Corpuscular Volume RNA precipitated throughout the cytoplasm of circulating

erythrocytes” [1]. On a peripheral blood smear, this is indicated

mRNA t Messenger RNA by “multiple dark blue-purple granules that are distributed
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throughout the red blood cell [which] can appear coarse, fine,
round, and/or irregularly shaped, and are present in numerous
numbers” [1]. Macrocytosis, in contrast, is a hematological
finding in which RBCs are found to be larger than normal. In
analyzing the peripheral blood smear, macrocytosis is evident
by the presence of larger than normal RBCs called macrocytes
using a specific formula and diagnostic criteria.

These hematological findings are not disease-specific but can
instead serve as diagnostic clues when interpreting underlying
systemic conditions. AUD, also referred to as alcoholism,
alcohol abuse, alcohol dependence, and alcohol addiction, is
“defined by the DSM-5-TR as ‘a problematic pattern of alcohol
use leading to clinically significant impairment or distress,” and
is diagnosed as mild, moderate, or severe based on the number
of symptoms” [2]. It is a prevalent disease that impacts more
than 400 million people globally according to data from WHO in
2019 [3]. AUD and subsequent megaloblastic anemia (which is
frequently observed in alcoholics) present with similar features,
though for different underlying reasons. A similar etiology may
be found however, through the diagnosis of AUD.

Basophilic stippling may be present in cases of alcoholism due to
ethanol’s toxic effect on hemoglobin synthesis and other stages
of RBC development, such as impairment of RNA degradation.
When seen in conjunction with macrocytosis, these observations
can serve as a diagnostic indicator of alcoholism. Excessive
alcohol intake can also cause malnutrition and affect absorption
of important nutrients needed for DNA synthesis and cellular
division like vitamin B12, B6, and folate (B9). When there is a
lack of these key nutrients, oversized and immature RBCs called
megaloblasts start to develop and accumulate. The result of this
accumulation is megaloblastic anemia.

This report aims to examine how macrocytosis and basophilic
stippling correlate with alcohol-related deficiencies in vitamin
B12, folate, and B6, and to explore how these findings can assist
in differential diagnoses of AUD and megaloblastic anemias.

Discussion

Peripheral Smear and Erythrocyte Morphology

Peripheral Smear Interpretation

The first step to diagnosing hematological disorders is by
performing a peripheral blood smear. In the laboratory, the
sample is typically stained using a modified Romanowsky Stain
called a Wright-Giemsa stain. The method involves “a mixture
of methylene blue (and other closely related thiazine dyes) and
eosin” [4].

Both stains contain a basic dye (e.g., Methylene Blue) and an
acidic dye (e.g., Eosin). The basic dye is positively charged
and attracts acidic structures like DNA or RNA fragments in
the cell and stains them a purple-blue color. The structures that
are attracted to this basic dye are referred to as basophilic. The
acidic dye is negatively charged and attracts basic structures
like the cytoplasm and cytoplasmic filaments and stains them
a pink color. Structures attracted to this acidic dye are referred
to as eosinophilic or acidophilic [5]. These stains are important
in identifying the structure and physiology of erythrocytes and
other blood cells as well (see Figure 1).
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Figure 1: Peripheral blood smear stained using Wright-
Giemsa staining technique, showing nucleated red blood cells
(open arrows), sickle cells (S), myelocytes (arrows), platelets
(asterisks), and a blast (arrowhead). Numerous target cells are
also present [6].

Morphology

Erythrocytes are responsible for the transportation of oxygen to
peripheral tissues, as they are “the functional components of blood
responsible for transporting gases and nutrients throughout the
human body” [7]. Erythrocytes are small and biconcave, lacking
nuclei, ribosomes, mitochondria, and other organelles. This
“unconventional cell composition has evolved in order to allow
accumulation of hemoglobin, a protein that is responsible for the
delivery of oxygen (O2) to peripheral tissues” [8]. In addition
to transporting oxygen to tissues in the body, erythrocytes also
transport carbon dioxide, a waste product, from the tissues back
to the lungs to be exhaled out.

Abnormalities in erythrocytes can be assessed by variations
in size (anisocytosis), variations in shape (poikilocytosis), and
variations in color (chromasia). A normal size for RBCs is
between 6-8 . Deviations from size are differentiated into either
macrocytic conditions (>9 p) or microcytic (<6 ) conditions.
Deviations from shape indicate conditions specific to what kind
of abnormal shape the erythrocyte is, such as an elongated shape
in idiopathic myelofibrosis, or a half-moon shape in sickle-cell
anemia. The chromasia of the RBC determines whether there
is enough hemoglobin in the sample concentration. In a normal
cell, the central pallor is roughly one-third of the cell’s diameter.
Increased pallor (hypochromia) is indicative of iron deficiency
anemia or other conditions where RBCs lack sufficient
hemoglobin. Reduced pallor (hyperchromia) points to conditions
such as hereditary spherocytosis and immune hemolytic anemia.
Polychromasia presents as gray or blue color stains and indicates
the bone marrow’s response to anemic stress through the release
of reticulocytes.

Furthermore, another important marker for erythrocyte
abnormalities are RBC inclusions. Staining can illuminate
various types of inclusions such as DNA or ribosomal fragments,
as well as nuclear remains from the nucleus, which are basophilic
and will stain blue. These inclusions are “categorized as Howell-
Jolly, Heinz, or Pappenheimer bodies, basophilic stippling,
Cabot rings, or precipitated hemoglobin inclusions, such as
HbH” (See Figure 2) [8].
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Figure 2: Red Blood Cell Morphology as indicated by variation in size, hemoglobin distribution, shape, inclusions, and red cell

distribution [9].

Hematological Findings in AUD

Macrocytosis: Etiology

Macrocytosis is a condition characterized by abnormally large
erythrocytes. This is indicated on the peripheral blood smear
by an elevated MCV. Normal values for MCV are between 80
to 100 femtoliters (fl), which can vary by age and by reference
laboratory. Any value above 100 fL is indicative of macrocytosis
(see Figure 3).

[ Hematocrit ( percent )x10]
[RBC cont(10°/ uL)]

MCV(fl) =

Figure 3: Formula for calculating MCV value in fL.

In addition, “most elevated MCV reports are accompanied by
an elevated MCH. Elevation of MCV and/or MCH suggests
macrocytosis” [10]. While MCV is a quantitative clue,
subsequent morphology on the peripheral blood smear provides
qualitative insight.

Macrocytosis may indicate underlying anemic and non-anemic
conditions. Megaloblastic anemia “is a condition that occurs
secondary to various underlying etiologies, characterized
by an increased mean corpuscular volume (MCV >100 fL)
in conjunction with anemia, defined by low hemoglobin or
hematocritlevels” [11]. Ovalocytes (oval-shaped RBCs) are most
often seen in cases of megaloblastic anemia due to underlying
vitamin deficiencies. In non-megaloblastic causes, the RBCs
are rounder in appearance. In cases where these pathologies co-
occur, there may be a mixture of the two seen on a peripheral
blood smear. When both mechanisms are present, anisocytosis

and poikilocytosis may be more pronounced. Additional findings
such as hypersegmented neutrophils— defined as “presence of 5%
or more neutrophils with five or more lobes or single neutrophil
with 6 lobes” -- suggest more strongly megaloblastic causes.
Morphology is typically normochromic in cases of macrocytosis
(see Figure 4) [12].
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Figure 4: Megaloblastic anemia, with macroovalocytes (thin
arrows) and hypersegmented neutrophils (thick arrow) [13].

Macrocytosis: Pathophysiology

Vitamin B12/Folate Deficiency. Chronic consumption of
alcohol in the context of AUD can impair intestinal absorption of
vitamin B12 (cobalamin) and folate (vitamin B9) due to ethanol’s
damage to the gastric and intestinal mucosa. Vitamin B12 (see
Figure 5) is “required for the development, myelination, and
function of the central nervous system; healthy red blood cell
formation; and DNA synthesis” [14].
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Figure 5: Chemical structure of vitamin B12 [15].

The absorption of vitamin B12 primarily occurs in the small
intestine, with most of the vitamin being stored in the liver where
it metabolizes the vitamin into its active form— methylcobalamin.
Prolonged AUD generates toxic byproducts in the liver from the
breakdown of alcohol, and subsequently damages the liver. This
toxicity impairs the ability of the liver to store vitamin B12,
leading to malabsorption and deficiency.

Deficiencies in folate (see Figure 6) lead to macrocytosis
and subsequent megaloblastic anemia due to its crucial role
in DNA synthesis. A deficiency of folate “lead[s] to delayed
nuclear maturation and result[s] in macrocytosis” via significant
reticulocytosis. Both vitamin B12 and folate are necessary
for RBC nucleic acid synthesis [11]. “Without DNA or
RNA, erythropoiesis is ineffective with nuclear/cytoplasmic
asynchrony, resulting in larger erythrogenic precursors
with abnormal nuclei (e.g., hypersegmentation) but normal
cytoplasms” [11]. The result is the proliferation of larger and
immature erythrocytes (macrocytes) in the blood and bone
marrow of those with alcohol induced deficiencies of these
important vitamins. “For macrocytic anemia in cirrhosis, [a
disease often seen in AUD] folate deficiency is prevalent in 40%
of patients, while B12 deficiency is prevalent in 30% to 40%.”
12 Ovalocytes are frequently observed in the peripheral blood
smear of those who have deficiencies in vitamin B12 and folate.
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Folic acid

Figure 6: Chemical structure of folic acid [16].

Liver Dysfunction. In contrast to the ovalocytes seen in
megaloblastic anemia, macrocytes resulting from liver

dysfunction are typically round in appearance. This difference
underscores a distinct pathophysiological process. Chronic
liver disease is associated with hematological abnormalities,
with AUD as a common etiologic factor. “In alcoholic liver
disease, the resultant splenomegaly (from portal hypertension)
can have a sequestration and hemolytic effect, thereby leading
to macrocytosis” [11]. Significant reticulocytosis is also noted
in liver dysfunction, which contributes to increased immature
and large cells throughout the bloodstream, thereby leading to
macrocytosis. Surface area of these cells is also increased due
to cholesterol deposits on RBC membranes in alcoholic fatty
liver disease. The cells become large and round due to this
increase in surface area and cell volume, as the fatty deposits
stretch out the cellular membrane. In advanced liver disease,
hemolysis is common. Erythrocytes are destroyed faster than
they are produced, which leads to macrocytosis. “Alcohol, a
common cause of chronic liver disease, determines anemia
through direct toxicity on the bone marrow, with the suppression
of hematopoiesis, through vitamin B6, B12, and folate
deficiency due to low intake and malabsorption™ [17]. However,
unlike vitamin B12 or folate deficiencies, macrocytosis from
liver disease is not typically associated with hypersegmented
neutrophils. The MCV is also usually mildly elevated. However,
when macrocytosis is accompanied by elevated liver enzymes, it
may serve as a hematological clue to underlying hepatic damage
through possible AUD.

Clinical Significance of Macrocytosis

In patients struggling with AUD, liver dysfunction and nutritional
deficiencies often coexist and interconnect in the systemic
pathways. Recognizing the distinct morphological patterns can
therefore help assist in guiding the treatment plan and addressing
the most prevalent issue when it comes to anemias induced by
AUD. In the absence of overt anemia, an elevated MCV may
be the first measurable abnormality. Therefore, recognition of
macrocytosis on a peripheral blood smear should prompt further
investigation into AUD as the underlying cause. Recognition can
also aid in evaluation of nutritional status as well. Macrocytosis,
when observed in the context of key vitamin deficiencies and
hepatic biomarkers of disease, can be useful as a diagnostic tool
for confirming AUD.

Differential Diagnosis of Macrocytosis

Macrocytosis (elevated MCV>100 fL) can result from a variety
of underlying conditions. While AUD is a common and often
underrecognized cause, a thorough examination is necessary for
accurate diagnosis and treatment (see Figure 7).

Basophilic Stippling: Etiology

Basophilic Stippling is characterized by the presence of many
small coarse or fine blue granules seen in the peripheral blood
smear of erythrocytes. The inclusions are stained blue via the
Wright-Giemsa staining technique due to their basophilic nature
and are indicative of aggregates of ribosomes in the cell (see
Figure 8). The degree of basophilic stippling can be categorized
into coarse and fine types depending on the size of the granules.
Finer stippling can be found in nonspecific findings and is
usually present in cases of mild toxin exposure. Coarse stippling
is almost always clinically significant and is usually present in
moderate-severe or chronic cases of toxin exposure.
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Figure 7: Summary of Differential Diagnoses for Macrocytosis

Cells with basophilic stippling demonstrate disturbed
erythropoiesis affecting their development. In normal cell
development, ribosomes ‘“facilitate the translation of mRNA
to produce proteins utilized in numerous cellular functions
and remain present in reticulocytes alongside other essential
organelles, such as mitochondria, following enucleation of
erythroblasts” [1]. Mature RBCs lack mitochondria to keep
them from using the oxygen they carry and ensuring the most
adequate delivery to tissues of the body. Disruption in the
developmental process means that cells with basophilic stippling
are immature (reticulocytes). These reticulocytes contain
aggregates of ribosomal and mitochondrial components due to
their lack of maturation. “Clearance of ribosomes is thought to
occur during later phases of maturation in which reticulocytes
enter circulation from the bone marrow to complete their
conversion into erythrocytes” [1]. Without the enzymatic
degradation (via Ulk1 protein kinase signaling) of ribosomes in
the reticulocytes, aggregates of ribosomal remnants remain in
circulating erythrocytes and can be seen as basophilic stippling
in the peripheral blood stain. The presence of these inclusions
leads to suboptimal oxygen delivery to peripheral tissues of
the body, which is why basophilic stippling occurs in many
different types of anemias. Though often indicative of certain
hematological pathologies, basophilic stippling may even be
found in a small percentage of normal people and be nonspecific
[18]. Therefore, it is important to investigate this in the context
of other clinical findings.

Image 376 June 2013
Identify the arrowed object(s)
Hematology Proficiency Testing

Figure 8: Wright-Giemsa staining showing basophilic stippling,
as indicated by the arrow pointing to the granules dotted in blue
purple [19].

Basophilic Stippling: Pathophysiology

Oxidative Stress. In the context of AUD, chronic ethanol
exposure can impair RBC development— which most often
presents with finer stippling as opposed to coarse. Alcohol use
can generate ROS, leading to oxidative stress. ROS has “been
implicated in promoting inflammation, apoptosis, necrosis,
and carcinogenic DNA damage” which can disrupt cellular
functions and lead to DNA damage and impairment of processes
regulating protein synthesis [20]. The ROS generated can inhibit
the expression of ribonucleases such as Regnase-1, which is
needed to control inflammation. This can lead to incomplete
RNA degradation and cause ribosomal remnants to accumulate
and persist in erythrocytes— hence the appearance of basophilic
stippling due to disrupted erythropoiesis.

Nutrient Deficiency: Vitamin B6. One of the most common
nutrient deficiencies that arise in cases of chronic AUD is
deficiency of vitamin B6 (pyridoxine). AUD is associated with
this nutrient deficiency due to the “breakdown of pyridoxal
phosphate during ethanol metabolism in the liver” [21].
PLP is the “metabolically active form of vitamin B6, [and]
is involved in many aspects of macronutrient metabolism,
neurotransmitter synthesis, histamine synthesis, hemoglobin
synthesis and function, and gene expression” (see Figure 9)
[22]. With chronic alcohol use, the toxic acetaldehyde that is
produced because of excessive ethanol metabolism damages
surrounding liver cells and affects absorption of this vitamin
and its active form. The biosynthesis of heme is dependent upon
PLP, as it is the cofactor of ALAS. ALAS catalyzes the first step
in heme synthesis, converting glycine and succinyl-CoA into
5-ALA-- the precursor to porphyrins and heme. Deficiencies
in this vitamin leads to significantly impaired heme synthesis
and thus impaired hemoglobin production. Without sufficient
hemoglobin, erythrocytes struggle to maintain proper levels
of oxygen transportation in the body and the result is alcohol-
induced anemia-— specifically sideroblastic anemia. Sideroblastic
anemia “is a common complication in severe alcoholics: [the
blood] of these patients contain ringed sideroblasts in their
bone marrow” [23]. The ringed sideroblasts are indicative of
excess iron buildup within erythroblasts that form these ringed
structures. The development of erythrocytes is abnormal in cases
of sideroblastic anemia and can affect the cells’ maturation—
leaving behind RNA remnants which may be seen as fine
basophilic stippling in a peripheral blood smear as an incidental
finding.
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Figure 9: Chemical structure for Pyridoxine [24].
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Clinical Significance of Basophilic Stippling

In patients with AUD, basophilic stippling is an important
hematological finding that can warrant further investigation
towards underlying mechanisms and support useful interventions
ormonitoring. The presence of this stippling reflects the disruption
in erythropoiesis that happens due to ethanol’s toxicity— which
can indicate that bone marrow function is impaired. In addition, it
can point towards nutritional deficiencies and prompt clinicians
to investigate further by asking about alcohol consumption,
monitoring these vitamin levels, and screening for early liver
dysfunction.

When this is taken into consideration along with other
hematological makers, it can help support early intervention
and an accurate diagnosis of AUD. Since these changes in
erythrocytes can appear before alcohol-related anemias develop,
basophilic stippling may be useful in identifying at-risk patients
who may otherwise go undiagnosed. Furthermore, identifying
this biomarker can allow clinicians to track the progress of

recovery as well. Though often nonspecific, basophilic stippling
provides an important clue into the diagnosis of AUD in patients
with otherwise unexplained macrocytosis or anemias.

Differential Diagnosis of Basophilic Stippling

Below is a list of differential diagnoses in basophilic stippling
as a hematological marker of pathology (Figure 10). To properly
assess incidental findings of basophilic stippling in cases of
AUD, it is imperative to obtain a full history of the patient.
Once a proper history has been established, the underlying
pathophysiology can be assessed as a means of the approach to
treatment. Peripheral smear findings may point to the condition,
with each condition having core distinguishing features that aid
in diagnosis. In the case of AUD, once proper identification has
been done, clinicians can begin the process of abstinence and
vitamin repletion— which can help reverse the effects of ethanol
toxicity on the hematological system and restore health to those
in crisis.

Condition Pathophysiology Peripheral Smear Relation to AUD Distinguishing Features

AUD Oxidative stress, Macrocytosis +/- fine Common; direct and | Elevated MCYV, alcohol
nutritional deficiencies basophilic stippling indirect effects use, nutrient deficiencies
(B6), marrow toxicity

Lead poisoning Inhibition of pyrimidine- | Coarse basophilic Rarely co-occurs Elevated blood lead levels;
5’-nucleotidase; impaired | stippling environmental exposure
RNA degradation

Thalassemia Defective globin synthesis | Microcytosis; target Unrelated Low MCYV, abnormal

cells; stippling hemoglobin electrophoresis

Sideroblastic Defective heme synthesis; | Ring sideroblasts in Can be secondary to | Elevated serum iron/

Anemia mitochondrial iron marrow; stippling chronic alcohol use | ferritin; bone marrow
trapping (B6) evaluation

Figure 10: Summary of Differential Diagnoses for Basophilic Stippling

Co-occurrence of Macrocytosis & Basophilic Stippling:
Overlap and Diagnostic Value

The co-occurrence of macrocytosis and basophilic stippling
reflect different aspects of AUD-related pathology. According
to a study on peripheral blood smear findings in 71 chronic
alcoholics over 3 years done by Gunjan Mangla, Neha Garg,
Divya Bansal, Mrinalini Kotru, and Meera Sikka in the Indian
Journal of Hematology & Blood Transfusion, their primary
coulter findings were “pancytopenia (47.88%), anemia (95.77%),
thrombocytopenia (81.69%), leukopenia (56.33%) and increased
MCYV (42%). On PBS, macrocytic (32.4%) anemia and dimorphic
anemia (52%), were frequent findings” [25]. This supports the
co-occurence of macrocytosis and macrocytic megaloblastic
anemia in AUD, with elevated MCV values in almost half of
the patients and anemia in over 95%. Their study emphasized
sideroblastic anemia, and they found that “megaloblastic and
SA are frequently found to coexist [and] that congenital SA
show microcytic hypochromic cells, basophilic stippling,
and only occasionally normocytic and macrocytic on PBS”,
further supporting the co-occurence and overlapping systemic
mechanisms that underscore both macrocytosis and basophilic
stippling as they relate to AUD [25]. Alcohol induced anemias
via impaired DNA synthesis due to vitamin B12 and folate
deficiencies are especially common and co-occur with enlarged
macrocytes as shown by the elevated MCV value. Basophilic

stippling is also an important finding. Though highlighted as a
finding in congenital SA, the underlying mechanism of vitamin
B6 impairment and disruption of hemoglobin synthesis mirror
those in AUD. The overlap between these findings can support
recognition and correct diagnosis of AUD as an explanation
for these conditions due to its multifaceted and interconnected
nature.

Summary & Conclusions

Broader Implications

In examining a peripheral blood smear, it is important to take
notice of incidental findings like macrocytosis and basophilic
stippling. While either of these two conditions may not be
indicative of underlying pathology on their own, when observed
together they can signify a common ectiology. The subtle
changes in morphology of the erythrocytes can differentiate
abnormalities. In cases of AUD, these changes can be some of
the first signs observed that can point towards a correct diagnosis
before more advanced disease progresses. Outwardly, those
struggling with AUD (especially in earlier stages) may appear
to be healthy. AUD is also a progressive disease, with symptoms
advancing at a gradual pace— making diagnosis difficult given
the often-nonspecific findings on the peripheral blood smear.
Clinicians face difficulty in recognition because alcoholism
“is deeply embedded in social norms, progresses gradually,
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and is frequently hidden by those affected. High-functioning
individuals, denial, and stigma all contribute to the challenge of
identifying AUD early” [26]. In situations where alcohol use (the
biggest factor in diagnosis) is undisclosed, the peripheral blood
smears become even more of an important factor in facilitating
the correct underlying cause of a wide range of symptoms and
morphology.

Macrocytosis with elevated MCV >100fL often appears before
any other noticeable symptoms of vitamin deficiency or anemia.
Similarly, basophilic stippling can be observed in the blood
smear prior to the patient experiencing fatigue or showcasing
symptoms of liver dysfunction. Both physiological changes
indicate that the body is under stress, which may be from lack
of key nutrients needed to aid in erythrocyte development in the
bone marrow, or because the erythrocytes retain RNA remnants
due to chronic toxin exposure and disruption of erythropoiesis.

Identification of these findings warrants further examination
into vitamin B12, B6, and folate deficiencies, as well as liver
function tests and can serve as a segue into a nonjudgmental talk
about alcohol use. Since these abnormalities often arise before
symptoms appear, they create a unique opportunity for preventive
care. The diagnostic importance goes beyond detection; they can
help tailor patient care. For instance, if macrocytosis is found and
linked to alcohol-related folate deficiency, treatment can start
early. If basophilic stippling is noticed and connected to bone
marrow stress or pyridoxine deficiency, clinicians can intervene
before cytopenia or neurological issues develop. These findings
can also aid in the monitoring of AUD. Over time, changes in
red blood cell morphology can indicate improvement or ongoing
damage. This observation can serve as an effective measure of
treatment response.

Recognizing the hematologic markers of AUD before a full
diagnosis is made can initiate conversations about alcohol use
to patients based on objective measures rather than assumptions
or judgments. This can ease the stigma and fear of judgement
that usually surrounds this disorder and allow clinicians to more
readily initiate treatments and support as well. It can provide
support for a diagnosis for patients who may not believe that their
alcohol consumption has reached a point where it is problematic.
By communicating the objective physiological aspects to
patients, clinicians can better inform those progressing in this
disease about further pathology while it is still in its early stages.

Macrocytosis and basophilic stippling go beyond just
morphological changes in erythrocytes; they are early warning
signs that can point to silent health issues with clinical action.
Recognizing and responding to these signs can lead to a quicker
diagnosis of AUD, improved outcomes, and more compassionate
care especially for those whose symptoms are not yet apparent.

Conclusion

The co-occurence of macrocytosis and basophilic stippling on a
peripheral blood smear provides important insight into the overall
systemic effects of AUD. The various incidental or nonspecific
findings become indicative of chronic physiological issues when
seen together. Oxidative stress generated by ethanol’s toxicity on
the bone marrow; nutritional deficiencies of vitamins B12, B6

(pyridoxine), and folate; and liver dysfunction are mechanisms
that underlie AUD and support in its diagnosis. Macrocytosis in
the context of AUD can stem from both megaloblastic processes
(vitamin B12 and folate deficiencies) and non-megaloblastic
changes (liver-related changes in erythrocyte development).
Basophilic stippling indicates disrupted RBC production,
impaired RNA degradation, and deficiencies in pyridoxine.
These hematologic markers often are apparent before clinical
symptoms manifest and are indicated even when those suspected
with AUD deny alcohol abuse. This makes these findings vital for
early detection and intervention— especially further investigation
into nutritional status, liver enzyme levels, and wider
hematologic pathologies like megaloblastic anemia. Peripheral
smear abnormalities in the context of AUD can serve as early,
objective signs of systemic issues. These findings go beyond
morphological observations— they can serve as diagnostic tools
that connect cellular pathophysiologies with clinical relevance
and patient care. Understanding the importance of macrocytosis
and basophilic stippling in AUD helps clinicians intervene
sooner, customize nutritional and medical care, and start
potentially life-saving conversations in a way that is supportive
and based on objective measures.

References

1. Sanchez JR, Lynch DT. Histology, Basophilic Stippling
[Internet]. Nih.gov. StatPearls Publishing. 2019.

2. NIAAA. National Institute on Alcohol Abuse and
Alcoholism (NIAAA) [Internet]. National Institute on
Alcohol Abuse and Alcoholism (NIAAA). 2024.

3. World Health Organization. Alcohol [Internet]. World
Health Organization. 2024.

4. Strober W. Wright-Giemsa and Nonspecific Esterase
Staining of Cells. Current Protocols in Cytometry. 2000. 11.

5. Paxton S, Peckham M, Knibbs A, Knibbs S. The Leeds
Histology Guide [Internet]. Leeds.ac.uk. 2019.

6. Patel Pratik, Weinzierl Elizabeth, Wechsler Dan.
Leukoerythroblastosis as an Unusual Presentation of
Parvovirus B19 Infection in a Sickle Cell Patient. Case
Reports in Pediatrics. 2020. 1-3.

7. Pretini V, Koenen MH, Kaestner L, Schiffelers RM, Bartels
M, et al. Red Blood Cells: Chasing Interactions. Frontiers in
Physiology. 2019. 10.

8. Yonder S, Pandey J. Erythrocyte Inclusions. PubMed.
Treasure Island (FL): StatPearls Publishing. 2023.

9. Morphological Abnormalities of Red Blood Cells. The Art
of Medicine. The Art of Medicine. 2015.

10. Kauffmann T, Evans DS. Macrocytosis. PubMed. Treasure
Island (FL): StatPearls Publishing. 2022.

11. Moore CA, Adil A. Macrocytic Anemia [Internet]. Nih.gov.
StatPearls Publishing. 2022.

12. Francis FT, Ali A, Kartha PP. Hypersegmented neutrophils
in peripheral smear—An etiological analysis. Indian Journal
of Pathology and Oncology. 2022. 9: 39-42.

13. Kaferle J, Strzoda CE. Evaluation of Macrocytosis.
American Family Physician. 2009. 79: 203-208.

14. National Institutes of Health. Office of Dietary Supplements
- Vitamin B12. Nih.gov. National Institutes of Health. 2024.

15. Vitamin B12: Cobalamin. ahealthyphilosophy.com.

16. Folic acid Formula. Softschools.com. 2020.

J Clin Res Case Stud, 2025

www.oaskpublishers.com

Page: 7 of 8



Copyright © Vincent S. Gallicchio, et al.

Volume 3 | Issue 3

17.

18.

19.

20.

21.

22.
23.

24.
25.

26.

Marginean CM, Pirscoveanu D, Popescu M, Docea AO,
Radu A, et al. Diagnostic Approach and Pathophysiological
Mechanisms of Anemia in Chronic Liver Disease-An
Overview. Gastroenterology Insights. 2023. 14: 327-341.
Cheson BD, Rom WN, Webber RC. Basophilic stippling of
red blood cells: a nonspecific finding of multiple etiology.
American journal of industrial medicine. 1984. 5: 327-334.
AG. Basophilic Stippling | Medical Laboratories. Medical-
labs.net. 2017.

Mueller S, Chen C, Mueller J, Wang S. Novel insights
into alcoholic liver disease: Iron overload, iron sensing
and hemolysis. Journal of Translational Internal Medicine.
2022. 10: 92-124.

Sousou JM, Griffith EM, Marsalisi C, Reddy P. Pyridoxine
Deficiency and Neurologic Dysfunction: An Unlikely
Association. Cur€us. 2023.

Vitamin B6 (Pyridoxine). Medicine LibreTexts. 2018.
Ballard HS. The Hematological Complications of
Alcoholism. Alcohol Health and Research World. 2024. 21:
42.

Pyridoxine. selleckchem.com. 2015.

Mangla G, Garg N, Bansal D, Kotru M, Sikka M. Peripheral
Blood and Bone Marrow Findings in Chronic Alcoholics
with Special Reference to Acquired Sideroblastic Anemia.
Indian Journal of Hematology and Blood Transfusion.
2019. 36: 559-564.

Why Alcoholism Is Hard to Spot — Northlake Behavioral
Health. 2025.

Copyright: © 2025 Vincent S. Gallicchio, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Clin Res Case Stud, 2025

www.oaskpublishers.com

Page: 8 of 8



