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Abstract

There is a link between excessive alcohol drinking and an increased risk to develop cardiovascular 

disease, including alcoholic cardiomyopathy (ACM). This association warrants further research on 

the potential utility for the electrocardiogram (ECG) in the participatory management of the 

chronic consequences of alcohol use disorder (AUD). Our goal is to enhance understanding about 

the pernicious role alcohol plays on cardiac health using the ECG, an accessible, cost-effective, 

validated tool to inform novel targeted treatments for AUD. In this systematic review of human 

studies, we examine the relationship between abnormal clinically significant changes to ECG 

variables and excessive alcohol drinking with the goal of identifying key patterns specific to 

quantity of alcohol consumed. Three independent reviewers and one consensus reviewer, adhering 

to the PRISMA guidelines, conducted an initial review on studies published from database 

inception to April 19, 2019 using PubMed, Embase, CINAHL and COCHRANE databases. The 

initial search generated 2225 articles. The final selected number included 153 original papers. This 

systematic review provides evidence of patterns of clinically significant changes to ECG variables 

as a consequence of excessive alcohol consumption. Future directions include investigating 

whether a real-time assessment, such as the ECG, in conjunction with other key behavioral and 

cardiac measures can help clinicians and patients realize the progressive and insidious cardiac 

damage due to excessive alcohol consumption. This theory guided nurse science review supports 

the development of personalized symptom monitoring to deliver tailored feedback that illuminate 

risk factors as a potentially transformative approach in the management of AUD.
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Introduction

Alcohol use disorder (AUD) is a significant public health issue and current research is 

focusing on individualized clinical course characteristics to develop novel, tailored, effective 

treatment strategies (Forouzanfar et al., 2016; Kazdin, 2008; Maisto, Kirouac, & Witkiewitz, 

2014). Excessive alcohol use remains the third leading preventable cause of death in the 

United States (U.S.), with the Centers for Disease Control (CDC) reporting that there were 

approximately 88,000 deaths, annually, attributable to excessive alcohol use in the U.S. from 

2006–2010 (U.S. Centers for Disease Control and Prevention, 2018). There is mounting 

evidence that screening for excessive alcohol drinking should be a routine component of an 

effective health assessment before physical and psychological harm develop and burdens to 

the health care system compound (Jones, Johnston, Biola, Gomez, & Crowder, 2018). 

Current statistics report only 10% of patients afflicted with AUD receive any type of 

treatment and <4% receive pharmacological treatment for AUD (Barata et al., 2017; Joudrey, 

Kladney, Cunningham, & Bachhuber, 2019). Patient’s lack of problem awareness is cited as 

a primary reason that prevents individuals from seeking treatment for AUD (Probst, 

Manthey, Martinez, & Rehm, 2015). The Middle Range Theory of Learned Response to 

Chronic Illness: The Self-Help Model introduces this concept of perception of severity of 
illness as a necessary antecedent to patient learning and provides a framework for this 

current theory guided nurse research (Braden, 1990).

Discrepancies exist in the literature between benefits versus harms of alcohol consumption 

on the cardiovascular system, especially as it relates to the quantity of alcohol someone 

consumes on a regular basis. That said, evidence supports a correlation between moderate-

to-heavy alcohol consumption and one’s risk to develop cardiovascular diseases, including 

hypertension and alcoholic cardiomyopathy (ACM) (George & Figueredo, 2011; Gordon & 

Kännel, 1983; Guzzo-Merello et al., 2015; Husain, Ansari, & Ferder, 2014; Klatsky, 2015; 

Wood et al., 2018). ACM is defined as alcohol toxicity to the myocardial cells by ethanol 

and its metabolite (Maisch, 2016). The comorbidity of ACM with other cardiovascular risk 

factors associated with AUD contribute to a complex clinical presentation, delaying 

treatment, often resulting in cardiac damage that is significant and irreversible, for review 

see (Maisch, 2016; Mirijello et al., 2017). Given these shortcomings, more research is 

needed to better inform targeted evidenced-based, nurse symptom science, tailored to a 

client’s goals, perception of a need for treatment, and current disease symptomology in 

AUD.

The goal of this systematic review is to incorporate published findings on excessive alcohol 

consumption in humans and its harmful effects on cardiovascular functioning, specifically as 

reflected by clinically significant abnormalities in the routinely performed electrocardiogram 

(ECG). While non-specific changes in ECG tracing may be observed in association with 

excessive consumption of alcohol, this clinical scenario has not been investigated in a 
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rigorous way. Information gleaned from this systematic review may inform larger projects 

aimed at developing targeted novel strategies managing excessive alcohol drinking behavior 

based on highly specific, meaningful, near-real time clinical assessments, augmented with 

the use of a very inexpensive, readily accessible, and well-validated clinical tool, the ECG. 

We have included a summary table illustrating basic cardiac physiology using ECG variables 

for quick reference highlighting clinically significant cardiac rhythm interpretation 

(Supplemental Table S1).

Methods

Research studies of varying designs, methodologies and length were included to investigate 

ECG abnormalities reported in exposure to excessive oral alcohol consumption in humans. 

The selection of papers for this systematic review followed the Preferred Reporting Items for 

Systematic Reviews, and Meta-Analysis (PRISMA) (Schulz, Altman, & Moher, 2010) 

(Figure 1). Three electronic databases (PubMed, Embase, and CINAHL) for studies 

published from database inception to April 19, 2019 were included for this systematic 

review. We also searched the Cochrane database which produced no results, a finding 

consistent with the fact that we excluded reviews and meta-analysis, as detailed below. 

Language was restricted to English.

Due to the expansive time frame covered in this review, a comprehensive terminology 

describing excessive alcohol use and associated symptomology was necessary to properly 

translate the evolving medical terminology used in the literature, as further outlined in the 

Supplemental Table S2. In order to be included in this systematic review, studies had to 

report information on ECG tracing and interpretation on one or a combination of alcohol use 

disorder, alcohol dependence, alcohol abuse, alcohol misuse, excessive alcohol use, binge 

alcohol, heavy alcohol, harmful alcohol, unhealthy alcohol, chronic alcohol drinking, acute 

on chronic alcohol drinking and alcohol drinking in withdrawal. Search terms included free 

text and MESH terms from published articles for alcohol drinking and ECG concepts and 

are detailed in the Supplemental Table S2.

The goal of this work was to systematically review patterns of ECG abnormalities reported 

in exposure to excessive oral alcohol consumption in humans by conducting a systematic 

review of original empirical research data. For this reason, reviews, meta-analysis, 

anecdotical case reports as well as all animal studies were excluded. Additional studies were 

found by screening the reference lists of the eligible studies and forward search for 

subsequent citations of these papers.

Relevant studies were first screened by title and abstract. Studies were excluded unless the 

title or abstract focused on cardiovascular findings utilizing ECG interpretation in relation to 

excessive alcohol drinking symptomology. Where this determination was not clear, the full 

text of the articles was screened. Screening, selection, data extraction, and narrative 

synthesis were performed independently by three reviewers (LAF, DP and BDB). 

Differences in article selection, quality, and relevance were resolved by a consensus with a 

fourth independent reviewer (LL) for final determination. All reviewers have current 

research ethics and compliance training in Good Clinical Practice in Human Clinical 
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Research and experience in AUD research and treatment, with three out of the four 

reviewers possessing clinical expertise in AUD research and treatment with training as either 

a registered nurse or a physician.

Results

As detailed in Figure 1, out of the 2225 articles initially reviewed, 153 satisfied the criteria 

of this systematic review. Studies were divided up in four categories based on ‘chronic’, 

‘acute’, ‘acute on chronic’, and ‘withdrawal from excessive alcohol consumption’, as 

detailed in Table 1 and Supplementary Table S3.

PR Interval Abnormalities

Clinically significant PR Interval abnormalities were reported in all sample groups reviewed 

except for the Acute on Chronic Use group.

Chronic Alcohol Use Group (n=93): From the studies reviewed in this group, 12 

clinically significant abnormal PR Interval findings were reported as 3 increased 

prolongation PR Interval, 8 atrioventricular block (AV), and 1 decreased prolongation PR 

Interval.

Acute Alcohol Use Group (n=29): From the studies reviewed in this group, 2 clinically 

significant abnormal PR Interval findings were reported as increased prolongation PR 

Interval.

Withdrawal from Alcohol Use Group (n=23): From the studies reviewed in this group, 

1 clinically significant abnormal PR Interval finding was reported as atrioventricular block 

(AV).

P-wave Abnormalities

Clinically significant P-wave abnormalities were reported in all sample groups reviewed 

except for the Acute on Chronic Use group.

Chronic Alcohol Use Group (n=93): From the studies reviewed in this group, 17 

clinically significant abnormal P-wave findings were reported as 6 premature atrial 

contractions (PAC), 2 nonspecific P-wave, 1 broad P-wave, 1 high P-wave, 1 notched P-

wave, 3 increased P-wave voltage, and 3 increased P-wave duration.

Acute Alcohol Use Group (n=29): From the studies reviewed in this group, 9 clinically 

significant abnormal P-wave findings were reported as 1 increased P-wave dispersion and 1 

increased P-wave maximum, 1 decreased respiratory sinus arrythmia, 2 increased P-wave 

voltage, and 4 increased P-wave duration.

Withdrawal from Alcohol Use Group (n=23): From the studies reviewed in this group, 

3 clinically significant abnormal P-wave findings were reported as premature atrial 

contractions (PAC).
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QRS Complex Abnormalities

Clinically significant QRS abnormalities were reported in all sample groups reviewed.

Chronic Alcohol Use Group (n=93): From the studies reviewed in this group, 53 

clinically significant abnormal QRS Complex findings were reported as 9 left ventricular 

hypertrophy (LVH), 8 right bundle branch block (RBBB), 5 premature ventricular 

contractions (PVC), 3 prolonged QRS Complex, 2 increased voltage QRS complex, 4 

decreased voltage QRS complex, 1 increase duration in QRS complex, 2 left anterior 

hemiblock (LAH), 1 left posterior hemiblock (LPH), 12 left bundle branch block (LBBB), 1 

intraventricular conduction defect, 2 left axis deviation, and 3 right axis deviation.

Acute Alcohol Use Group (n=29): From the studies reviewed in this group, 6 clinically 

significant abnormal QRS Complex findings were reported as 1 PVC, 1 LBBB, 1 RBBB, 1 

prolonged QRS complex, 1 increased voltage QRS complex, and 1 increased duration QRS 

complex.

Acute on Chronic Alcohol Use Group (n=8): From the studies reviewed in this group, 

2 clinically significant abnormal QRS Complex findings were reported as prolonged QRS 

complex.

Withdrawal from Alcohol Use Group (n=23): From the studies reviewed in this group, 

15 clinically significant abnormal QRS Complex findings were reported as 4 RBBB, 6 PVC, 

1 left axis deviation, 2 LVH, 1 intraventricular conduction defect, and 1 decreased 

prolongation of QRS Complex.

ST Segment Abnormalities

Clinically significant ST Segment abnormalities were reported in all sample groups 

reviewed.

Chronic Alcohol Use Group (n=93): From the studies reviewed in this group, 20 

clinically significant abnormal ST segment findings were reported as 1 prolonged ST 

segment, 1 horizontal ST segment, 1 elevated ST segment, 6 depressed ST segments, and 11 

nonspecific ST segments.

Acute Alcohol Use Group (n=29): From the studies reviewed in this group, 1 clinically 

significant abnormal ST segment finding was reported as a depressed ST segment.

Acute on Chronic Alcohol Use Group (n=8): From the studies reviewed in this group, 

1 clinically significant abnormal ST segment findings was reported as a nonspecific ST 

segment.

Withdrawal from Alcohol Use Group (n=23): From the studies reviewed in this group, 

6 clinically significant abnormal ST segment findings were reported as 3 depressed ST 

segment, 1 prolonged ST segment, and 2 nonspecific ST segments.
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T-wave Abnormalities

Clinically significant T-wave abnormalities were reported in all sample groups reviewed.

Chronic Alcohol Use Group (n=93): From the studies reviewed in this group, 34 

clinically significant abnormal T-wave findings were reported as 5 inverted T-waves, 2 

spinous T- waves, 2 dimpled T-waves, 2 depressed T-waves, 2 flattened T-waves, 1 notched 

T-wave, 2 cloven T-waves, 2 increased voltage in T-waves, and 16 reports of nonspecific T-

waves.

Acute Alcohol Use Group (n=29): From the studies reviewed in this group, one 

clinically significant abnormal T-wave finding was reported as an increase in T-wave 

voltage.

Acute on Chronic Alcohol Use Group (n=8): From the studies reviewed in this group, 

one clinically significant abnormal T-wave finding was reported as a nonspecific T-wave.

Withdrawal from Alcohol Use Group (n=23): From the studies reviewed in this group, 

14 clinically significant abnormal T-wave findings were reported as 5 inverted T-waves, 1 

flattened T-wave, 1 tall T-wave, 1 peaked T-wave, 1 notched T-wave, 1 biphasic T-wave, and 

4 nonspecific T-waves.

Corrected QT (QTc) Interval Abnormalities

Clinically significant QTc Interval abnormalities were reported in all sample groups 

reviewed.

Chronic Alcohol Use Group (n=93): From the studies reviewed in this group, 23 

clinically significant abnormal QTc Interval findings were reported as 23 prolonged QTc 

Intervals.

Acute Alcohol Use Group (n=29): From the studies reviewed in this group, 6 clinically 

significant abnormal QTc Interval findings were reported as 6 prolonged QTc Intervals.

Acute on Chronic Alcohol Use Group (n=8): From the studies reviewed in this group, 

1 clinically significant abnormal QTc Interval finding was reported as a prolonged QTc 

Interval.

Withdrawal from Alcohol Use Group (n=23): From the studies reviewed in this group, 

7 clinically significant abnormal QTc findings were reported as 7 prolonged QTc Intervals.

Discussion

Critical View of the Studies Reported

The data collected from the 153 articles included in this systematic review reveal valuable 

insight into patterns of clinically significant ECG changes associated with excessive alcohol 

drinking behavior. The diversity and complexity of findings may reflect both differences in 

methodologies employed, e.g., study design, data collection and analyses, and 
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heterogeneous effects of alcohol on the myocardial electrical conductivity. The latter aspect 

is supported by this work and reflects the significance in assessing an individual’s current 

clinical presentation, irrespective of disease progression. This work also supports future 

research on synchronization of possible interventions to an individual’s characteristics in an 

effort to overcome late-stage AUD treatment and potentially halt the progressive onset of 

ACM (Miller, 2005). In summary, albeit the heterogeneity of these findings does not rule out 

the possibility that many other factors beyond alcohol may influence cardiac function (for 

example smoking, hypertension, and poor nutritional status which are common 

comorbidities with AUD), this work supports a clinically significant effect of alcohol on 

cardiac physiology, as reflected by the ECG findings. Among them, dysrhythmias and 

alternations in QRS and/or QT appear from this work as the most relevant findings and are 

discussed next in greater detail.

Rhythm and Rate Determination.—Evidence of dysrhythmias reported in this 

systematic review reflect how excessive alcohol consumption plays a destructive role on the 

myocardial cells, consistent with dilation of the heart chambers, a known consequence of 

alcohol toxicity in both acute and chronic excessive alcohol consumption (Voskoboinik, 

Prabhu, Ling, Kalman, & Kistler, 2016). For example, alterations in electrolyte balance, a 

key clinical laboratory finding among AUD patients is associated with a variety of 

arrhythmias, e.g., sinus tachycardia, atrial and ventricular fibrillation, paroxysmal 

tachycardia, atrial flutter, sinus, and junctional tachycardia, as well as sudden sinus arrest. 

Clinical Implications: Excessive alcohol use may lead to dysrhythmias, which in turn 

adversely affect the cardiac output measure and increase one’s risk to develop seizures and 

eventual death, thus making dysrhythmias a medical emergency (Attilia et al., 2018; 

Mulholland & Brewer, 1990).

Axis Determination.—Evidence showing significant changes in ventricular muscular 

depolarization is reflected with reported alterations in the QRS complex in both amplitude 

and duration, in relation to excessive alcohol exposure. Changes to the QRS complex may be 

attributed to both intrinsic Intraventricular Conduction Delays (IVCD) (e.g., LBBB and 

RBBB) and extrinsic metabolic disturbances (e.g., hyperkalemia) (Mulholland & Brewer, 

1990). Clinical Implications: Abnormal axis determination is a useful early alert prompting 

clinicians to further test for possible ventricular hypertrophy, acute myocardial infarction, 

hemiblocks, and positional change of the heart muscle due to mechanical shifts (Mulholland 

& Brewer, 1990). Additionally, QRS prolongation is associated with ventricular arrhythmias 

and sudden cardiac death (Patel et al., 2019). Important to note, in the differential diagnosis 

of axis deviation, comorbidities including hypertension should be considered in the general 

population in addition to those specifically presented among AUD patients.

Ventricular Contraction/Repolarization.—Evidence showing clinically significant 

QTc interval abnormalities is reflected with reported QTc prolongation in all sample groups 

reviewed. QT interval represents the onset of ventricular depolarization to the end of 

repolarization (Mulholland & Brewer, 1990). The QT interval is inversely proportional to the 

heart rate and highly sensitive to variations in electrolyte and environmental changes and is 

therefore corrected (QTc) for accurate interpretation. Although no specific method of QT 
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measurement has been deemed most useful and/or accurate, The American Heart 

Association does provide a helpful recommendation for clinicians to quickly assess the QT 

interval by simply assessing if it is greater than half of the RR interval as an early indicator 

of clinical significance (Surawicz, Childers, Deal, & Gettes, 2009). Electrocardiographic 

evidence of a prolonged QT interval is an established risk factor for life threatening 

ventricular arrhythmias, specifically Torsades de Pointes (Tdp) (Malik & Camm, 2001). 

Clinical Implications: This is relevant to the field of addiction due to the strong association 

reported for an increased risk of adverse clinical outcomes and the combined use of over-

the-counter and prescription medications with alcohol (Johnson & Seneviratne, 2014; White, 

Hingson, Pan, & Yi, 2011). As evidenced in this systematic review, medication management 

treating both excessive alcohol consumption as well as the myriad of comorbidities 

associated with this chronic disease reflects the standard practice. With an estimated 3% of 

all prescription medications identified as having potential QTc prolonging properties current 

ECG monitoring including QTc interpretation presents as a valid measure to strengthen 

immediate and potentially life-saving clinical treatment decisions per individual (Pourmand 

et al., 2017; Viskin, Justo, Halkin, & Zeltser, 2003).

Both pharmacokinetic and pharmacodynamic drug-alcohol interactions can significantly 

increase the risk of QTc prolongation. As for pharmacokinetics, the majority of drugs that 

potentially prolong the QTc interval are hepatically metabolized by the cytochrome 

isoenzymes CYP3A4, 1A2, and 2D6, with CYP3A4 responsible for the metabolism of 

approximately 50% of all drugs (Bauman, 2001). Most drugs that prolong the QTc interval 

work in a concentration-dependent manner. Furthermore, it is intuitive that inhibiting the 

metabolism of these commonly associated medications can significantly increase the risk for 

QTc prolongation. Pharmacodynamic interactions may also lead to QTc prolongation. These 

interactions occur as a result of synergistic or antagonistic pharmacologic properties and 

have been reported in Class III antiarrhythmics, antimicrobial agents, antifungals, 

antipsychotic agents, atypical antipsychotic agents, tricyclic antidepressants, selective 

serotonin reuptake inhibitors and non-sedating antihistamines (Al-Khatib, LaPointe, Kramer, 

& Califf, 2003; Chiang, 2006; Darpö, 2001; Haddad & Anderson, 2002; Kupec, 1998; 

Taylor, 2003; Vieweg & Wood, 2004; Yap & Camm, 2003).

Theory Driven-Precision Nurse Science

Nursing is a healing process informed by knowledge, expertise, intuition, creativity, and 

theory (Mariano, 2007; Pamela G Reed & Rawnsley, 2000). Patterns serve as agents for the 

discovery of meaningful and distinct mechanisms involved in human healing that provide 

insight into the person/environment interaction (P. G. Reed, 2019). Studies have 

demonstrated this powerful interrelationship, with patients reporting a significant increase in 

one’s perception of severity of illness with AUD, when provided with information about 

how excessive alcohol drinking is specifically harming their own bodies (Borok et al., 2013; 

Edlund, Booth, & Feldman, 2009). The detection and interpretation of symptoms remains an 

essential component in theoretical development of the self-care construct (Riegel, Jaarsma, 

Lee, & Strömberg, 2019). The Middle Range Theory of Learned Response to Chronic 

Illness: The Self-Help Model demonstrates a range of variables that mediate one’s response 
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to the experience of chronicity, including perception of severity of illness as an antecedent to 

learning (LeFort, 2000).

The evidence gleaned from this systematic review builds on basic research, expanding 

nursing science and applied research, facilitating future conceptual development and theory 

testing specific to understanding this phenomenon in addiction. This work supports the 

inextricable link between theory, inquiry and evidence that contributes to the discipline of 

nursing’s distinct body of knowledge that translates the meaning, hope, and personal 

significance of the individual health experience (Barrett, 2002; Pamela G Reed, 1997).

Future Directions

Future large, cross-sectional, and prospective studies are needed to test the effectiveness of 

integrating one’s electrophysiological patterns as a meaningful learning assessment to 

improve early diagnosis, and early treatment engagement for the management of AUD. This 

aggregative synthesis assimilates key patterns related to the physiological response in the 

healing process of AUD and provides fertile ground for theoretical development ergo 

actionable knowledge in a participatory nurse practice. We encourage nurse scientists to use 

this data-inspired synthesis to develop creative new ways to approach AUD that have yet to 

be configured.

Conclusion

Variations in terminology, measurement, and analysis have evolved over the past eight 

decades, which is the timeframe covered by this systematic review. On the other hand, the 

ECG instrument itself has maintained its original importance and, in fact, continues to offer 

clinicians remarkable validity and reliability that has stood the test of time. This systematic 

review demonstrates clinically significant ECG interpretations to help illustrate changes in 

the normal physiological cardiac rhythm and activity in relation to excessive alcohol use. We 

believe this systematic review has the potential to set the basis for future work that may 

prove to be valuable, translatable evidence in the development of personalized nurse 

screening and educational strategies. The best method to evaluate the effectiveness of 

treatment strategies is to incorporate current symptomology data from the patients’ 

perspective (National Institutes of Health, 2019). It is therefore incumbent for both 

researchers and clinicians to seek novel and relevant information to translate clinical 

measures of health outcomes in the management of chronic disease. The past eight decades 

of research on cardiovascular disease and excessive alcohol exposure suggest there is 

potential value in integrating an individual’s electrophysiological patterning, along with 

other key behavioral, cognitive, and clinical findings, to help clinicians and patients realize 
the progressive and insidious myocardial damage in both the acute and chronic stages of 

AUD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PRISMA Flow Diagram of Systematic Review
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Table 1.

Summary of Abnormal Clinically Significant ECG Main Findings

Sample Group 
Studied

Key Clinically Significant Abnormal ECG Reports

PR Interval 
Abnormality

P-wave 
Abnormality

QRS Complex 
Abnormality

ST Segment 
Abnormality

T-wave 
Abnormality

QTc 
Abnormality

Chronic Alcohol 
Use n=93

12 17 53 20 34 23

Acute Alcohol 
Use n=29

2 9 6 1 1 6

Acute on Chronic 
Alcohol Use n=8

0 0 2 1 1 1

Withdrawal from 
Alcohol Use 
n=23

1 3 15 6 14 7

n= number of publications in systematic review

QTc = Corrected QT Interval
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