

[image: Cover]



Review Article

Changes in haematological parameters associated with excessive alcohol consumption: A South African perspective
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Abstract

Background: The World Health Organization (WHO) has identified alcohol abuse as a major global public health threat. In South Africa (SA), alcohol consumption remains high. It is important to note that the number of people who drink excessively is considerably lower than the number of people who completely abstain from drinking. However, a significant factor is that the WHO assigns SA a score of 4, indicating binge drinking, which is defined as consuming five or more beers or glasses of wine in one sitting for men and more than three drinks in one sitting for women.

Aim: Based on these findings, alcohol abuse is the third-largest cause of death and disability in SA, after sexually transmitted infections (STIs) and interpersonal violence.

Method: It is estimated that alcohol consumption contributes to 80% of the deaths of young South African men. Consuming too much alcohol is linked to various physiological changes, including shifts in blood-related parameters. These changes can be crucial indicators for diagnosing alcohol-related health problems and understanding the mechanisms of alcohol-induced liver damage.

Results: Reviews on the impact of alcohol on haematological parameters in SA are scarce, with research often focusing on the broader disease burden and socio-economic damage of alcohol rather than specific haematological changes in the population.

Conclusion: All the mechanisms involved, and the clinical implications of these changes.

Contribution: This review examines various haematological alterations linked to chronic alcohol consumption from a South African perspective.
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Introduction

South Africa (SA) is often regarded as a hard-drinking nation, even though the population of non-drinkers exceeds that of hard drinkers. It is estimated that these hard drinkers consume over 5 billion litres of alcohol each year. This amount corresponds to roughly 9 L – 10 L of pure alcohol per individual.1 This pattern is identified as binge drinking because people consume over 60 g of pure alcohol in a single instance within 30 days. According to the World Health Organization’s (WHO) report released in 2024, this figure ranks among the highest rates globally (see Figure 1).1
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Alcohol misuse represents an increasingly significant global public health concern, particularly among young individuals, both worldwide and in SA.1,2 Given the rising level of alcohol misuse in SA, it is estimated that over 9750 deaths in 2016 were directly caused by alcohol.3 In the previous year, approximately 62 300 adults died in SA from alcohol-related causes. This figure is notably high and intensifies the socioeconomic disparities in mortality rates.3,4

Methods

Chronic alcohol consumption predisposes individuals to the development of chronic diseases and other serious problems, including alcoholism, suppression of the immune response, mental health problems, cancer of the breast, mouth, throat, oesophagus, liver and colon, high blood pressure, heart disease, liver disease, digestive tract issues, and social and learning problems.1,5,6

Chronic alcohol abuse not only leads to severe problems but also results in considerable systemic toxicity, especially affecting the blood or haematopoietic system. These impacts can be either direct or indirect. Directly, this abuse harms the bone marrow, which is responsible for producing blood cell precursors, and the mature forms of red blood cells (RBCs), white blood cells (WBCs) and platelets. Indirectly, it causes nutritional deficiencies, particularly in folate and vitamin B12, as well as alcohol-induced liver dysfunction, which in turn disrupts haematopoiesis, alters immune function and affects cytokine regulation.5,7,8

In SA, routine analyses of chronic alcohol abusers seldom prioritise haematological investigations, unless they present with obvious symptoms.3

This diagnostic disparity exists despite clear evidence that full blood count (FBC) parameters can offer indirect clues to alcohol abuse or its effects on the body.4

Well-documented but underused parameters in the evaluation of chronic alcohol abuse include macrocytic anaemia, elevated mean cell volume (MCV), leucopenia and thrombocytopenia.9,10

Review findings

Alcohol effects on red blood cells

Macrocytic anaemia, characterised by enlarged RBCs (macrocytes), is one of the most common findings of chronic alcohol consumption. Studies have shown that alcohol directly impairs the bone marrow’s ability to produce healthy RBCs, leading to the release of larger-than-normal red cells into circulation.7,9,11,12,13,14 This effect is often observed before any noticeable anaemia manifests and can persist even after alcohol intake is reduced or stopped.15

In a clinical context, elevated MCV values, or those significantly deviating from a patient’s baseline, may necessitate additional clinical and laboratory investigations to ascertain the aetiology of macrocytosis.16,17

Instances of elevated MCV are also observed in patients with vitamin B12 or folate deficiency, commonly referred to as megaloblastic anaemia, as well as in individuals with chronic liver disease. To verify the diagnosis, a fully qualified biomedical scientist or technologist needs to analyse the peripheral blood smear (PBS) to detect the morphological characteristics that signify each disorder, along with other cellular components and features on the smear, which can offer vital insights into the cause of anaemia. The enlarged RBCs associated with chronic alcohol consumption are generally round, with target-appearing macrocytes17 (see Figure 2). This shape contrasts with the more oval macrocytes observed in megaloblastic anaemia17 (see Figure 3). Please note that each figure shows a small lymphocyte for comparing RBC sizes.
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Acquired sideroblastic anaemia and megaloblastic anaemia

Numerous haematological abnormalities are present in individuals who abuse alcohol on a long-term basis.18

Megaloblastic anaemia resulting from folic acid deficiency and acquired sideroblastic anaemia are the most common causes of anaemia associated with this abuse. However, there are other reasons for this finding.19 A diagnostic conundrum may arise because coexisting nutritional deficiencies can obscure Sideroblastic anaemia, as observed in PBS.19 It is crucial to identify Sideroblastic anaemia in patients with anaemia who do not respond well to haematinics because it can be reversed by abstinence from alcohol.20,21

Chronic alcohol consumption often leads to the development of Sideroblastic anaemia, a condition marked by a disruption in the mitochondrial haem synthesis process. The hallmark of this disorder is the presence of sideroblasts. The process of iron incorporation into haem is impaired, leading to the accumulation of iron within the mitochondria of RBC precursors. Ring sideroblasts are a form of erythroblast that have iron-loaded mitochondria with a ring-shaped arrangement of the iron granules surrounding the nucleus.21 Prussian blue staining reveals the presence of these iron-loaded mitochondria as blue granules surrounding the nucleus (see Figure 4).22 The underlying cause of Sideroblastic anaemia determines its pathophysiology. The number of mature erythrocytes decreases as a result of compromised haemoglobin production. The resulting anaemia is typically hypochromic and microcytic.23



[image: JMLSTSA-8-131-F4.jpg]

Sideroblastic anaemia is most likely caused by two mechanisms: direct antagonistic effects, e.g. chronic alcohol abuse on pyridoxal phosphate and/or related dietary deficiencies of this compound resulting from malnutrition.24,25

In Sideroblastic anaemia, iron overload is a disorder related to the improper use of iron, where there is an increased delivery of iron to erythroblasts. The body absorbs more iron through the intestines when anaemia is detected. Subsequently, this leads to systemic iron accumulation and erythroblast mitochondria with higher iron content. Systemic iron overload occurs in certain types of Sideroblastic anaemia, typically when defects in iron metabolism affect the erythroid pathways at an earlier stage.23,24 Congenital Sideroblastic anaemia, also known as autosomal recessive congenital Sideroblastic anaemia, is caused by mutations in various haem-synthesising genes. Mutations in SLC25A38 are the most prevalent among many genes.23

Ringed sideroblasts were found in the bone marrow of approximately one-third of the patients with severe alcoholism.7,21

Another complication associated with prolonged alcohol abuse is megaloblastic anaemia, primarily caused by folate deficiency. Other causes include a lack of vitamin B12 or the direct toxic effects of alcohol on the bone marrow. Diagnosing this condition requires evaluating folate and vitamin B12 levels, considering functional deficiencies and excluding related conditions, such as the previously mentioned Sideroblastic anaemia. The therapy aims to tackle alcohol use disorders while also addressing specific vitamin deficiencies.26 In cases of folate deficiency, folate absorption and metabolism are disrupted by chronic alcohol consumption. Malabsorption can occur because of liver damage in chronic alcohol abusers, who often consume diets deficient in folate-rich foods. Consuming alcohol chronically can harm the stomach lining, leading to a decrease in the production of intrinsic factors, which are essential for the absorption of vitamin B12.19

Haemolytic anaemia

According to a recent study, alcohol directly affects erythrocyte membranes and decreases RBC survival.27 High MCV is noted as a predictor of mortality in heavy drinkers, and erythrophagocytosis is a key process in alcohol-related anaemia. This reduced RBC survival may result from impaired liver function as a result of excessive alcohol consumption, which develops over time. These patients can also present with an under-recognised condition known as ‘Zieve’s syndrome’. This syndrome is characterised by a triad of haemolytic anaemia, hypertriglyceridaemia and jaundice28 in patients with known liver diseases. It was first identified in 1958 in a cohort of 20 patients with haemolytic anaemia caused by alcohol abuse.29

Iron deficiency

Some individuals who suffer from chronic alcohol abuse and liver disease (ALD) have been found to experience iron deficiency.30 One cause is malnutrition,30 which is common among alcohol abusers and may explain why some individual’s experience iron deficiency. However, there may be additional reasons for this finding. Consuming alcohol in large amounts over a prolonged period not only puts stress on the liver but also negatively affects the gastrointestinal tract. It can lead to inflammation in the intestines and cause erosions in the duodenum, compromising the intestinal mucosa’s integrity and resulting in duodenal bleeding (see Figure 5).31,32,33 These conditions may facilitate the entry of bacterial endotoxins into the bloodstream (portal vein system) and disrupt iron absorption in the duodenum, potentially leading to iron deficiency. Therefore, it can be hypothesised that the iron status of individuals who consume alcohol, whether resulting in iron deficiency or overload (see later for a description of iron overload), might depend in part on their intestinal health, which can vary for multiple reasons (see Figure 5). This hypothesis warrants further investigation, and if confirmed, the mechanisms underlying iron deficiency in chronic alcohol abusers should be better understood.
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The various causes of anaemia in individuals with ALD are shown in Figure 5. It is crucial to recognise that multiple mechanisms can occur concurrently, resulting in anaemia. Hospitalised chronic alcohol abusers can often present with either iron deficiency, an increased MCV, megaloblastic anaemia or, finally, Sideroblastic anaemia. However, a proper diet can be protective in cases of chronic alcohol consumption, indicating that alcohol itself does not necessarily cause iron deficiency or anaemia.34

Alcohol consumption and haemochromatosis (iron overload)

Hemochromatosis is a hereditary disorder characterised by abnormal iron accumulation. It results from a deficiency or dysfunction in hepcidin synthesis or activity caused by mutations in the genes responsible for regulating hepcidin production or function.

Hepcidin serves as the principal regulator of iron homeostasis, synthesised by the liver to inhibit iron absorption. The High Fe (HFE) gene plays a critical role in signalling the liver to produce hepcidin in response to elevated iron levels. Mutations in the HFE gene, such as C282Y, lead to hereditary hemochromatosis by impairing this signalling process, resulting in reduced hepcidin levels and subsequent iron overload. These genetic alterations result in enhanced absorption in the intestines and the release of iron from macrophages that store it. This leads to elevated systemic iron levels, resulting in iron deposits in multiple organs. Consequently, hemochromatosis is characterised by increased transferrin saturation (TSAT) and gradual iron accumulation in various tissues, mainly the liver, without anaemia or reticulocytosis.35

Although hemochromatosis can result from mutations in non-HFE genes, the primary cause is inheritance of the C282Y mutation within the HFE gene. For individuals who are homozygous for this mutation, consuming excessive amounts of alcohol greatly exacerbates iron levels, including serum ferritin, iron and TSAT. In this population, high alcohol consumption leads to liver toxicity, which can elevate the risk of liver fibrosis and increase the likelihood of developing cirrhosis and hepatocellular carcinoma.36 Therefore, chronic alcohol consumption can amplify the severity of the disease. Notably, hemochromatosis patients who consumed more than 60 g/day of alcohol had nearly nine times the risk of developing liver cirrhosis compared to those who drank less.37 This accounts for the higher rates of liver fibrosis and cirrhosis observed in patients with both hemochromatosis and alcoholism compared to those with hemochromatosis who do not consume alcohol.38

The impact of long-term alcohol abuse on white blood cells

Granulocytes are a type of WBC distinguished by the granules found in their cytoplasm. They are categorised as neutrophils, eosinophils and basophils. Neutrophils are the most prevalent granulocytes in humans and serve as the primary defence in the innate immune system. Eosinophils and basophils constitute a smaller fraction of the total, the term ‘granulocytes’ and are frequently used informally to primarily denote neutrophilic granulocytes, also known as polymorphonuclear leukocytes (PMNs).39

Alcohol disrupts the homeostasis of granulopoiesis

Leucopenia is often observed in individuals who regularly consume alcohol, frequently alongside other haematological abnormalities such as lymphopenia, anaemia and thrombocytopenia.40,41,42 In cases where patients are referred for bone marrow tests because of unexplained abnormalities in their peripheral blood cells, 40% are identified as heavy alcohol consumers.40 Research has further indicated that alcohol’s impact on leukocyte levels in peripheral blood can differ based on the quantity, duration and pattern of alcohol consumption.41 Some individuals who abuse alcohol may experience a temporary rise in granulocyte counts in their bloodstream. A study involving 45 healthy volunteers and 300 chronic drinkers, regardless of recent excessive drinking, found that alcoholics who had recently consumed large amounts of alcohol generally had higher neutrophil levels in circulation compared to healthy individuals or alcoholics who had not recently consumed alcohol.41,43 Several factors affect granulocyte levels in the systemic circulation, such as the activity of haematopoietic precursor cells, the storage capacity of marrow pools for mature granulocytes, the immobilisation of granulocytes from the bone marrow into the bloodstream, and the removal of granulocytes by macrophages in the liver, bone marrow stroma and the spleen’s marginal zone under normal conditions. Furthermore, during an inflammatory response, granulocytes migrate from the bloodstream to tissue sites, and alcohol may affect each of these processes in various ways.44,45

Alcohol consumption and the granulopoietic response

In the context of an infectious challenge, especially those caused by acute bacterial pathogens, bone marrow can rapidly mobilise a significant number of granulocytes from its reserve pool into the bloodstream. Simultaneously, the activation of haematopoietic stem and progenitor cells (HSPCs) supports the production of granulocytes, thereby strengthening the host’s immune response against invading microbes. Any disruption in this process can severely impair host immunity. Any interruption in this process can significantly compromise the host’s immune system. Alcohol misuse, especially in the form of acute intoxication or habitual binge drinking, greatly diminishes the granulopoietic response. Research has demonstrated that instances of excessive alcohol intake frequently occur before the development of severe infections in individuals.7,46 Examination of bone marrow samples from alcoholic patients experiencing neutropenia reveals that almost all neutrophil precursors are stuck in an early stage of development.7 Furthermore, the depletion of neutrophil reserves in the bone marrow happens more swiftly in active chronic drinkers compared to healthy individuals.47 The stimulation of HSPC proliferation and the transcriptional reprogramming of primitive haematopoietic precursor cells, which is crucial for enhancing their commitment to the granulocytic lineage, is vital for a robust granulopoietic response.48,49,50 Consequently, chronic alcohol abuse disrupts several critical signalling pathways that control the activation of HSPCs during granulopoiesis.48,49

Chronic alcohol abuse and platelet function and thrombocytopenia

In addition to affecting platelet size and causing thrombocytopenia (TP), alcohol generally impairs platelet function. This is particularly important in coagulation disorders. Decreased platelet (PLT) counts could impact their role in coagulation. Individuals with alcohol-related TP often experience longer bleeding times, which usually improve as PLT levels return to normal. The risk of major bleeding rises when other coagulation factors become dysfunctional, often as a result of repeated liver damage and hepatotoxic factors associated with alcohol dependence.50

Thrombocytopenia is defined as a decrease in PLTs below 150 000 × 109/L. The reference range is 150 000 – 400 000 × 109/L. A significant reduction in platelet count (less than 50 000 × 109/L) can lead to the development of petechiae.50

The connection between TP and long-term alcohol use started gaining attention during the 1960s and 1970s. It has been experimentally demonstrated that TP has a distinct pathogenesis from other alcohol-related haematopoietic diseases (e.g. anaemia caused by vitamin deficiencies).51,52

Although alcohol use is linked to a considerable disease burden, studies on TP are still scarce.53,54,55,56 The origins of alcohol-related TP are intricate. Possible mechanisms include myelosuppression and the presence of platelets in the bloodstream, with platelet poisoning being a suspected factor.57 The treatment approach for TP depends on its severity. In cases of bleeding, anticoagulants and antiplatelet drugs might be required. However, individuals with mild to moderate TP without bleeding may not need extensive evaluation beyond abstaining from alcohol.7,58 Therefore, monitoring TP after alcohol cessation is advisable. Additionally, obtaining a history of alcohol use is crucial, as it might be hidden owing to stigma and fear of disclosure. Thrombocytopenia in chronic alcohol abuse can arise from factors other than direct alcohol toxicity, such as liver cirrhosis with portal hypertension, splenomegaly, folic acid deficiency, viral infections and alcohol-induced pancreatitis.59

Implications and recommendations

In light of the findings of this review, which indicate that per capita alcohol consumption in SA, particularly among the youth, ranks among the highest globally as reported by the WHO, it is recommended to routinely perform a FBC when evaluating these patients. As a cost-saving strategy, separate parameters such as Hb/MCV and platelets could be evaluated. Additionally, a detailed history of alcohol consumption should be obtained from these patients. Regular monitoring of haematological parameters can serve as a vital diagnostic and prognostic tool in the early detection of systemic complications. Healthcare professionals should remain alert to macrocytosis and unexplained anaemia as potential indicators of alcohol-related haematological toxicity. The results highlight the critical need for regular blood tests and swift medical action to avert long-term health issues in individuals with alcohol addiction. Future multicentre research in SA should incorporate nutritional, liver and biochemical factors to gain a deeper understanding of the range and causes of alcohol-related blood disorders. Public health initiatives in SA should also focus on increasing awareness, especially among the youth, on the dangers of alcohol use, especially binge drinking. As alcohol is extremely addictive, the main focus should be on the prevention of chronic alcohol abuse through ongoing education programmes. However, a major challenge is the availability of treatment and rehabilitation centres in SA, where the current public health care system is already compromised.

Conclusion

This review emphasises the considerable impact of alcohol on haematological parameters, stemming from its direct toxic effects on the bone marrow and indirect influences such as nutritional deficiencies, especially folate and liver dysfunction. These changes often present as anaemia, macrocytosis and TP, many of which can be reversed through abstinence. However, the medical consequences of these adverse effects can be severe, including anaemia, sometimes leading to debilitating outcomes. Impaired thrombopoiesis and fibrinolysis may occur, which could result in severe bleeding and elevate the risk of strokes.
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FIGURE 4: Sideroblastic anaemia: Demonstrating ringed sideroblasts.
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FIGURE 5: The events causing alcohol-induced anaemia.
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FIGURE 2: Round macrocytes (black arrows), (mean cell volume 114fL) and
target-appearing macrocytes (red arrows).
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FIGURE 3: Oval macrocytes (blue arrows), (mean cell volume 124fL).
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Note: The red circle denotes South Africa.
FIGURE 1: Total alcohol per capita consumption (15+ years; in litres of pure alcohol), 2019.
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