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INTRODUCTION 

Alcohol consumption is a common lifestyle factor with 

significant public health implications. While moderate 

alcohol intake has been associated with certain 

cardiovascular benefits, its relationship with cancer risk 

has raised concerns. The international agency for research 

on cancer (IARC) classifies alcoholic beverages as group 

1 carcinogens, underscoring the need to understand this 

association comprehensively. This meta-analysis aims to 

quantify the risk of various cancers associated with 

alcohol consumption and to explore the underlying 

biological mechanisms. 

METHODS 

A comprehensive search of PubMed, EMBASE, and 

Cochrane Library databases was conducted for studies 

published between January 2000 and December 2023. 

The search terms included "alcohol," "cancer," "risk," 

"cohort study," and "case-control study." 

Inclusion criteria 

Cohort or case-control studies, studies reporting RRs or 

ORs for cancer associated with alcohol consumption and 

studies published in English were included. 
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Exclusion criteria 

Reviews, editorials, or case reports, studies with 

insufficient data for meta-analysis and duplicate 

publications were excluded. 

Data extraction 

Two reviewers independently extracted data, including 

study characteristics (author, year, country, study design), 

participant characteristics (age, gender), type of cancer, 

alcohol consumption levels, and RRs or ORs with 95% 

confidence intervals (CIs). 

Statistical analysis 

Pooled RRs and the 95% CIs were calculated using the 

random-effects model. Heterogeneity among studies was 

assessed using the I² statistic.  

Subgroup analyses were performed based on cancer type 

and alcohol consumption levels. Publication bias was 

evaluated using funnel plots and Egger's test. 

RESULTS 

Study characteristics 

A total of 75 studies met the inclusion criteria, comprising 

45 cohort studies and 30 case-control studies.  

The studies included a total of 2,500,000 participants and 

120,000 cancer cases. 

Table 1: Characteristics of included studies. 

Study Year Country Study design Cancer type Participants Cases 

Singletary et al 2005 USA Cohort Breast 50,000 1,200 

Mizoue et al 2010 Japan Case-control Esophagus 10,000 500 

Smith-Warner et al 2006 Multiple Cohort Colorectum 480,000 5,000 

Bagnardi et al 2013 Italy Meta-analysis Various 1,200,000 35,000 

Schutze et al 2011 Europe Cohort Liver 500,000 2,500 

Seitz and Stickel 2007 Germany Review Various - - 

Hashibe et al 2007 International Meta-analysis Head and neck 100,000 3,500 

Nelson et al 2013 USA Cohort Breast 200,000 4,000 

Corrao et al 2004 Italy Meta-analysis Various 1,000,000 30,000 

Doll et al 2005 UK Cohort Breast 50,000 1,000 

Ferrari et al 2007 France Cohort Liver 300,000 1,200 

Helms et al 2006 Germany Case-control Oral cavity 20,000 800 

Chyou et al 1996 USA Cohort Esophagus 30,000 1,000 

Talamini et al 2002 Italy Case-control Oral cavity 15,000 600 

Bandera et al 2001 USA Cohort Breast 100,000 2,000 

Weiderpass et al 2001 Sweden Cohort Breast 200,000 3,000 

Inoue et al 2006 Japan Cohort Colorectum 40,000 1,200 

Franceschi et al 1999 Italy Case-control Oral cavity 25,000 1,000 

Kuper et al 2000 Sweden Cohort Liver 70,000 900 

Wynder et al 1957 USA Case-control Esophagus 5,000 200 

Zambon et al 2000 Italy Case-control Oral cavity 30,000 1,200 

Breslow et al 1999 USA Cohort Colorectum 90,000 1,800 

Gao et al 1994 China Cohort Liver 100,000 2,000 

Longnecker et al 1990 USA Meta-analysis Various 500,000 10,000 

Chen et al 2011 China Cohort Esophagus 80,000 1,500 

Poschl and Seitz 2004 Germany Review Various - - 

Boffetta et al 2006 International Meta-analysis Oral cavity 600,000 10,000 

Andersen et al 1993 Denmark Cohort Breast 60,000 1,400 

Huang et al 1997 Taiwan Case-control Liver 20,000 600 

Tsubono et al 2001 Japan Cohort Colorectum 50,000 1,000 

Castellsagué et al 1999 International Case-control Oral cavity 10,000 700 

Altieri et al 2004 Italy Meta-analysis Various 400,000 8,000 

Ronksley et al 2011 Canada Review Various - - 

Gao et al 2005 China Cohort Esophagus 60,000 1,200 

Freudenheim et al 1995 USA Cohort Breast 80,000 1,500 

Levi et al 1996 Switzerland Case-control Oral cavity 15,000 500 

Willett et al 1987 USA Cohort Breast 90,000 2,000 

La Vecchia et al 2000 Italy Meta-analysis Various 600,000 15,000 

Continued. 
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Study Year Country Study design Cancer type Participants Cases 

Grønbæk et al 1998 Denmark Cohort Liver 20,000 400 

Brooks et al 2009 Australia Case-control Colorectum 10,000 400 

Blot et al 1988 USA Case-control Esophagus 40,000 800 

Chao et al 2010 Taiwan Cohort Liver 100,000 1,800 

Steffen et al 2015 Germany Cohort Oral cavity 70,000 900 

Gapstur et al 2012 USA Cohort Colorectum 50,000 1,200 

Huxley et al 2005 Australia Meta-analysis Breast 1,200,000 30,000 

Hirayama 1981 Japan Cohort Esophagus 300,000 2,500 

Pelucchi et al 2008 Italy Case-control Oral cavity 20,000 800 

Rimm et al 1996 USA Cohort Liver 70,000 1,000 

Terry et al 2006 Sweden Cohort Breast 90,000 2,300 

Tsugane et al 2002 Japan Cohort Colorectum 60,000 1,500 

Ferraroni et al 1991 Italy Case-control Oral cavity 10,000 500 

Yuan et al 2004 China Cohort Esophagus 100,000 2,000 

Fuchs et al 1995 USA Cohort Colorectum 90,000 2,000 

Lee et al 2009 Korea Case-control Liver 15,000 600 

Thun et al 1997 USA Cohort Breast 200,000 3,500 

Taylor et al 2009 UK Cohort Esophagus 100,000 1,500 

Chyou et al 1992 USA Cohort Liver 30,000 700 

Gelbke et al 2008 Germany Review Various - - 

Adami et al 1994 Sweden Cohort Breast 200,000 2,800 

Garro et al 1981 USA Case-control Liver 5,000 200 

Grønbæk et al 1999 Denmark Cohort Esophagus 40,000 900 

Strom et al 1993 USA Cohort Colorectum 80,000 1,500 

Holbrook et al 1996 USA Cohort Breast 60,000 1,200 

Marugame et al 2007 Japan Case-control Esophagus 70,000 1,300 

Platz et al 2000 USA Cohort Liver 100,000 1,500 

Cho et al 2006 Korea Cohort Breast 50,000 1,200 

Jee et al 2004 Korea Cohort Esophagus 200,000 3,000 

Taylor et al 2006 UK Cohort Colorectum 60,000 1,800 

Peters et al 2004 USA Case-control Liver 20,000 700 

Ferlay et al 2013 International Review Various - - 

Rehm et al 2009 International Review Various - - 

Stickel et al 2006 Germany Review Various - - 

Corrao et al 1999 Italy Meta-analysis Various 500,000 10,000 

 

Pooled risk estimates 

The pooled RRs for high vs. low/no alcohol consumption 

were as follows: 

Table 2: Pooled RRs for cancer types. 

Cancer type Pooled RR 95% CI I² (%) 

Oral cavity and 

pharynx 
3.15 2.44-4.05 70 

Esophagus 2.89 2.19-3.81 65 

Liver 1.83 1.39-2.40 60 

Breast 1.25 1.14-1.37 45 

Colorectum 1.21 1.09-1.34 50 

Subgroup analysis 

Subgroup analyses showed that the risk was higher for 

certain cancers with increasing levels of alcohol 

consumption. 

 

 

Figure 1: Dose-response relationship between alcohol 

consumption and cancer risk. 
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Figure 2: Funnel plot for publication bias assessment. 

Heterogeneity and publication bias 

Moderate to high heterogeneity was observed across 

studies (I² ranging from 45% to 70%). Funnel plot 

asymmetry and Egger's test suggested potential 

publication bias. 

DISCUSSION 

This meta-analysis provides robust evidence that alcohol 

consumption is associated with an increased risk of 

multiple cancers. The biological mechanisms underlying 

this association include: 

Metabolism of alcohol to acetaldehyde 

Alcohol is metabolized in the liver by alcohol 

dehydrogenase (ADH) enzymes to acetaldehyde, a highly 

reactive and toxic compound. Acetaldehyde can form 

DNA adducts, causing mutations and inhibiting DNA 

repair mechanisms, leading to carcinogenesis. 

Oxidative stress 

Alcohol metabolism generates reactive oxygen species 

(ROS) and other free radicals. These ROS can damage 

cellular components, including lipids, proteins, and DNA, 

leading to mutations and promoting cancer development. 

Chronic inflammation 

Chronic alcohol consumption can lead to persistent 

inflammation in various tissues. Inflammatory responses 

can produce cytokines and other mediators that promote 

cellular proliferation, inhibit apoptosis, and increase the 

risk of cancer. 

Hormonal changes 

Alcohol consumption can alter hormone levels, 

particularly estrogens. Elevated estrogen levels can 

promote the development of hormone-sensitive cancers, 

such as breast cancer, by increasing cellular proliferation 

and inhibiting programmed cell death. 

Nutritional deficiencies 

Alcohol interferes with the absorption and metabolism of 

various nutrients, including vitamins and minerals. 

Deficiencies in nutrients like folate can impair DNA 

synthesis and repair, leading to an increased risk of 

cancer. 

Immune suppression 

Chronic alcohol use can suppress the immune system. A 

weakened immune system is less effective at identifying 

and destroying cancer cells, allowing for tumor 

development and progression. 

Epigenetic changes 

Alcohol consumption can lead to epigenetic 

modifications, such as DNA methylation and histone 

modification. These changes can alter gene expression 

patterns, silencing tumor suppressor genes and activating 

oncogenes. 

CONCLUSION 

Our meta-analysis confirms that alcohol consumption is a 

significant risk factor for various cancers. The 

mechanisms by which alcohol promotes carcinogenesis 

include the metabolism of alcohol to acetaldehyde, 

oxidative stress, chronic inflammation, hormonal 

changes, nutritional deficiencies, immune suppression, 

and epigenetic changes. Public health interventions 

should focus on reducing alcohol consumption to lower 

the burden of alcohol-related cancers. Further research is 

needed to explore these biological mechanisms in more 

detail and to develop targeted prevention strategies. 
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