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Abstract

Background—Alcohol use is associated with angina incidence but associations between alcohol 

use and experience of angina among patients with coronary artery disease (CAD) have not been 

described.

Methods—Outpatients with CAD from 7 clinics in the Veterans Health Administration were 

surveyed; alcohol use was measured using the validated AUDIT-C scores categorized into 6 

groups: non-drinking, low-risk drinking, and mild, moderate, severe, and very severe unhealthy 

alcohol use. Three domains of self-reported angina symptoms (frequency, stability, and physical 

function) were measured with the Seattle Angina Questionnaire. Linear regression models 

evaluated associations between alcohol use groups and angina symptoms. Models were adjusted 

first for age and then additionally for smoking, comorbidities, and depression.

Results—Patients (n=8,303) had a mean age of 66. In age-adjusted analyses, a U-shaped 

association was observed between alcohol use groups and all angina outcomes, with patients in 

non-drinking and severe unhealthy alcohol groups reporting the greatest angina symptoms and 

lowest functioning. After full adjustment, no clinically important and few statistically important 

differences were observed across alcohol use in angina stability or frequency. Patients in the non-

drinking group had statistically greater functional limitation from angina than those in all groups 

of unhealthy alcohol use, though differences were small. Patients in all groups of unhealthy 

alcohol use did not differ significantly from those with low-risk drinking.

Conclusions—Alcohol use was associated with some small statistically but no clinically 

important differences in angina symptoms among patients with CAD. This cross-sectional study 

does not support a protective effect of low-level drinking on self-reported angina.
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INTRODUCTION

A number of previous studies have identified “U-shaped” associations between alcohol use 

and cardiovascular disease and related deaths (Gemes et al., 2016; Makita et al., 2012; Rehm 

et al., 2003; Smyth et al., 2015; Toma et al., 2017). Even after adjustment for multiple 

potentially confounding factors, studies have demonstrated lower prevalence of 

cardiovascular disease and/or risk of death among individuals who drink alcohol at low 

levels than among those who abstain and/or drink at high levels (Camargo et al., 1997b; 

Diamond, 1989; Fernandez-Sola et al., 1994; Gemes et al., 2016; Gunzerath et al., 2004; 

Klatsky, 1994; Klatsky et al., 1977; Klatsky et al., 1974; Koskinen and Kupari, 1991; Li and 

Mukamal, 2004; Maki et al., 1998; Puddey et al., 1999; Rich et al., 1985; Urbano-Marquez 

et al., 1995; Vliegenthart et al., 2002). While many clinical cardiovascular outcomes have 

been studied (e.g., prevalence of coronary artery disease, angina incidence, myocardial 

infarction), no study has assessed associations between alcohol use and patient-reported 

experience of angina.

Patient experience may capture aspects (e.g., severity) that are difficult to measure clinically 

but influence clinical outcomes (Mozaffarian et al., 2003). For instance, among patients with 

coronary artery disease (CAD), self-reported angina symptoms are associated with 

decreased quality of life (Spertus et al., 2002) and increased risk of death (Mozaffarian et al., 

2003). Among general outpatients, any and unhealthy alcohol use are associated with quality 

of life and self-reported health status (Peytremann-Bridevaux et al., 2004; Williams et al., 

2010). However, no study has evaluated the relationship between alcohol use and patient 

experience of angina among patients with coronary disease. Therefore, we evaluated the 

cross-sectional association between alcohol use and three domains of patient experience of 

angina that are known to be predictive of key clinical outcomes (Mozaffarian et al., 2003): 

frequency and stability of angina, as well as physical limitation associated with angina.

METHODS

Data Source and Study Population

Baseline data from the Ambulatory Care Quality Improvement Trial (ACQUIP) was used for 

this study. ACQUIP was a multi-site, group-randomized trial of primary care patients from 

the Veterans Health Administration (VA) between 1997 and 2000. The purpose of the trial 

was to determine whether health status and patient satisfaction could be improved by giving 

primary care providers access to systematic assessments of their patients’ health and 

functioning, in addition to information about clinical guidelines. The trial was completed 

April 1, 2000, and main analyses showed no effect of the intervention on any primary or 

secondary outcomes.(Fihn et al., 2004).

Recruitment for ACQUIP was done via surveys, which were mailed to VA patients from 

primary care clinics in 7 U.S. cities (Birmingham, Little Rock, Richmond, San Francisco, 

Seattle, West Los Angeles, and White River Junction). Responses to the initial mailed survey 

(“Health Checklist”) were considered consent to participate. Participants who reported 

specific conditions (e.g., CAD) on the Health Checklist were sent condition-specific 
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questionnaires at baseline. Additional clinical and administrative data were obtained for all 

participants from VA’s electronic health record (EHR).

Among 62,487 patients invited to participate in ACQUIP, 36,821 (59%) returned the initial 

Health Checklist, and 12,505 were determined to have CAD based on a combination of self-

reported history of a coronary event, angina, or a revascularization procedure. This 

combination of self-reported history has a sensitivity of 97% and a specificity of 93% when 

compared to chart review (Spertus et al., 2000). All patients with CAD were sent a Seattle 

Angina Questionnaire (SAQ), and 8,543 patients completed and returned it. Among these, 

8,303 also completed questions related to alcohol use and are, thus, included in these 

analyses. The ACQUIP protocol was approved by the Institutional Review Board at each 

participating site and the secondary analyses presented here were approved by the University 

of Washington Human Subjects Division and the VA Puget Sound Institutional Review 

Board.

Measures

Assessment of Angina Symptoms—The Seattle Angina Questionnaire (SAQ) is a 

valid and reliable self-reported measure of angina and was used to assess self-reported 

angina symptoms (Spertus et al., 1994; Spertus et al., 1995). The SAQ consists of 5 

domains: 1) physical limitation due to angina; 2) angina frequency; 3) angina instability; 4) 

satisfaction with treatment of angina; and 5) perception of angina effects on quality of life. 

For most questions, respondents are asked to rate their symptoms over the past 4 weeks 

using a 5-point Likert scale. For example, in the physical limitation domain, subjects are 

asked to rate their limitation due to chest pain, chest tightness, or angina over the past 4 

weeks for 9 activities (including daily activities such as showering and dressing, moderate 

activity such as walking a flight of stairs, and strenuous activity such as jogging or moving 

heavy objects) on a scale ranging from “not at all limited” to “extremely limited.” Scores in 

each domain are then transformed to a scale of 0 to 100, with lower scores reflecting greater 

angina symptoms and worse function. Minimally important clinical differences were defined 

for SAQ subscores as 8 or more for physical limitation, 20 or more for frequency, and 25 or 

more for stability (Weintraub et al., 2008). We selected three scales of interest a priori in 

order to capture patient experience of symptoms that are predictive of clinical outcomes of 

angina. These included: 1) physical limitation due to angina, which consistently predicted 

death among patients regardless of differences in age, race or comorbidities (Mozaffarian et 

al., 2003); 2) angina frequency, which has been used as a measure of successful treatment in 

chronic stable angina (Wiest et al., 2004); and 3) angina instability, which has also been 

associated with mortality (Mozaffarian et al., 2003).

Alcohol Use Disorders Identification Test-Consumption (AUDIT-C) 
Questionnaire—The AUDIT-C is a three-item alcohol screening questionnaire (Table I), 

which identifies patients with the spectrum of unhealthy alcohol use from drinking above 

national recommended limits to meeting diagnostic criteria for alcohol use disorders (Saitz, 

2005). The AUDIT-C has been validated in male and female veterans (Bradley et al., 2003; 

Bush et al., 1998) as well as in a general U.S. primary care population (Bradley et al., 2007), 

a representative general national sample (Dawson et al., 2005), and in European populations 
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(Aertgeerts et al., 2001; Rumpf et al., 2002). The AUDIT-C is scored from 0 to 12 and also 

serves as a measure of alcohol use severity, with higher scores’ representing greater alcohol 

use severity (Bradley et al., 2004; Rubinsky et al., 2013; Rubinsky et al., 2010). Optimal 

screening thresholds for detecting unhealthy alcohol use in women and men are scores of ≥3 

and ≥4 points, respectively (Bradley et al., 2003; Bradley et al., 2007; Bush et al., 1998).

Assessment of Covariates

Demographics: Patient age and gender were extracted from the EHR. Education (highest 

level or grade of school completed) and income (average total yearly) were both assessed on 

the baseline ACQUIP questionnaire. A combination of self-report and EHR data was used to 

identify patients’ race/ethnicity.

Smoking: Smoking status (never, current, past), intensity (cigarettes per day for current 

smokers), and recency (years since quit for former smokers) were also ascertained by 

questionnaire.

Comorbid Conditions: The ACQUIP “Health Checklist” included validated health 

screening instruments as well as assessments of prior diagnoses for medical conditions 

common to veterans. Diabetes, congestive heart failure, myocardial infarction, coronary 

revascularization, hypertension, renal disease, and pulmonary disease were included in the 

list of self-reported conditions and used for adjustment as in prior work (Mozaffarian et al., 

2003). Depression was also assessed on the “Health Checklist” via the Mental Health 

Inventory (MHI-5), which is a 5-item questionnaire of current depressive symptoms from 

the Medical Outcomes Study. Scores on the MHI-5 range from 5 to 30, and scores > 17 

indicate a positive screen for depression (Berwick et al., 1991).

Analyses

The AUDIT-C score was divided into six categories (alcohol use groups) for analyses, which 

reflect increasing alcohol consumption (Rubinsky et al., 2013). Alcohol use groups include 

AUDIT-C scores of 0, 1–3, 4–5, 6–7, 8–9, and 10–12, corresponding to non-drinking, low-

level drinking, and mild, moderate, severe, and very severe unhealthy alcohol use, 

respectively. Categories were chosen for comparability to prior work (Au et al., 2007; 

Bryson et al., 2008; Greene et al., 2008; Harris et al., 2009; Kinder et al., 2009; Williams et 

al., 2010) and in order to provide adequate model flexibility.

Because age is strongly associated with AUDIT-C (Au et al., 2007; Rubinsky et al., 2013), 

all analyses and comparisons are presented at least adjusted for age. Descriptive analyses 

were directly adjusted for age in quintiles (24-58, 59–65, 66-70, 71-75, and 76-90 years) 

using the entire population as the referent standard, and p-values for comparisons are 

derived from likelihood tests with the same adjustment. For each of the three SAQ domains 

(physical function, frequency, and stability), linear regression models were fit to estimate 

mean domain scores for each alcohol use group. Regression models were first age-adjusted 

(age-adjusted model) and then adjusted for all potential confounders including age, race, 

education, income, smoking status and intensity, depression screening results, diabetes, 
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congestive heart failure, myocardial infarction, coronary revascularization, hypertension, 

renal disease, and pulmonary disease (fully-adjusted model).

Mean domain scores and 95% confidence intervals are presented across alcohol use groups 

graphically for both the age- and fully-adjusted models. As above, adjustment was made to 

the population mean using the entire CAD cohort as a referent group for linear variables 

such as age, or standardized to the CAD population prevalence using the entire CAD cohort 

as a referent group for categorical variables, such as smoking. Relationships between the 

AUDIT-C and angina symptoms were tested for linear trends among drinkers (AUDIT-C 

categories 1 to 3 through 10+) and for quadratic trends with a linear and quadratic term. Post 

estimation F-tests evaluated pairwise comparisons of alcohol use groups estimates. All 

analyses were performed using Stata Version 9.2 (StataCorp., 2005).

RESULTS

Among all participants (n=8,303), the mean age was 66.4 years. Age-adjusted demographic 

and health history characteristics are presented by AUDIT-C category in Table 2. 

Respondents were mostly older, white, and male, similar to most VA populations. 

Significant differences existed across AUDIT-C groups for all characteristics. Those with 

very severe unhealthy alcohol use (AUDIT-C = 10-12) had a greater proportion of men and 

smaller proportions of white and married participants than those with non-drinking (AUDIT-

C = 0).

In age-adjusted analyses (dotted gray line in Figures), significant quadratic (inverted U-

shaped) association was observed between alcohol use groups and all three domains of 

angina symptoms such that patients with non-drinking and very severe unhealthy alcohol use 

reported the greatest angina symptoms and lowest functioning (p< 0.001 for quadratic terms 

in each model). Additionally, for all three domains, patients with low level drinking and with 

mild unhealthy alcohol use reported the least angina symptoms and highest functioning in 

age-adjusted analyses.

Full adjustment (black line in Figures) attenuated the U-shaped relationship observed in age-

adjusted analyses for all three domains of angina symptoms. After full adjustment, patients 

categorized as non-drinkers had significantly worse functioning and greater severity and 

frequency of angina than those with low-level drinking, but those with very severe unhealthy 

alcohol use did not differ significantly from those with low-level drinking. Further, 

compared to patients with low-level drinking, patients with mild unhealthy alcohol use 

reported significantly higher physical functioning and patients with moderate unhealthy 

alcohol use reported significantly less frequency of angina symptom. No other significant 

differences between those with low-level drinking and other groups were observed in fully-

adjusted analyses.

DISCUSSION

Age-adjusted models of the association between alcohol use groups and angina symptoms 

identified an inverted U-shaped relationship with non-drinkers and very heavy drinkers 

reporting the greatest angina severity and frequency and the lowest physical functioning. 
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These findings are generally consistent with a large body of literature on alcohol use and 

other cardiovascular outcomes(Bradley and Merrill, 1999; Gunzerath et al., 2004; Shaper et 

al., 1988; Shaper and Wannamethee, 2000; Stockwell et al., 2016; Toma et al., 2017. This 

“U” or “J” shaped pattern of risk is thought to reflect higher rates of abstinence and 

comorbidity among “sick quitters” or previous heavy drinkers, unmeasured confounding, 

and possible beneficial effects of alcohol use {Toma, 2017 #12511). After complete 

adjustment, non-drinkers had somewhat more severe angina symptoms compared to 

drinkers. Our measure of alcohol use—a validated screening instrument with a past-year 

timeframe—does not allow differentiation of prior drinkers from lifelong abstainers. 

Therefore, it is unknown whether the observed differences between non-drinkers and 

patients who drink is due to continued unmeasured confounding or a potential beneficial 

effect of drinking (Ronksley et al., 2011; Shaper, 1993; Shaper et al., 1987). This healthy 

drinker or “sick quitter” effect is not specific to angina symptoms (Stockwell et al., 2016) 

and does not support a direct causal relationship between low-level (sometimes called 

“moderate”)(Stockwell et al., 2016) drinking and reduction in either the occurrence or the 

severity of angina symptoms.

Of the 3 symptom scales assessed, only the physical function scale had significant 

differences between drinkers and nondrinkers after full adjustment. These statistical 

differences were not clinically significant, as defined by a change of 8 or more points 

(Weintraub et al., 2008). The largest difference (~ 7 points) was between patients reporting 

non-drinking and those reporting mild unhealthy alcohol use, a level known to be associated 

with adverse outcomes, including decreased adherence to medications for hypertension and 

hyperlipidemia (Bryson et al., 2008), increased risks of fractures and trauma (Harris et al., 

2009), and a higher risk of liver disease, upper GI bleeding, or pancreatitis among those 

under 50 (Au et al., 2007). There were no clinically important differences in the frequency 

scale after full adjustment, and there were no statistically significant differences in the 

stability scale.

While many studies have assessed associations between alcohol use and clinical 

cardiovascular outcomes (Ronksley et al., 2011), few specifically examine the association 

between angina and alcohol use, and none have assessed associations between alcohol use 

and self-reported angina symptoms. The Physicians’ Health Study (PHS) examined the 

relationship between incident angina and alcohol use. Compared with nondrinkers in PHS, 

low-level alcohol use (5 to 6 drinks per week) or higher was associated with a decreased 

incidence of any first diagnosis of angina over 11 years of follow up in male physicians. The 

relative risk of new angina for drinkers versus nondrinkers ranged from 0.74 (95% CI 

0.60-0.90) for low-level drinkers down to 0.44 (0.29-0.66) for heavy drinkers consuming 14 

or more drinks per week, levels of consumption which were also associated with increased 

risks of cancer in the same study. Compared to our analyses, the PHS analyses were 

additionally adjusted for exercise and aspirin use, but did not adjust for sociodemographic 

factors in this largely homogenous group of male physicians, or for the presence of other 

coexisting diseases such as hypertension, depression, pulmonary disease, or history of heart 

failure (Camargo et al., 1997a). More recently, a study of the CAREMA cohort in the 

Netherlands investigated the association between levels of alcohol use and incident angina 

(Merry et al., 2011). In this study, only regular drinking (defined as ≥ 1 glasses/week) 
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relative to never drinking was associated with decreased risk of angina (0.66, 95% CI 0.45 – 

0.95), but this difference was attenuated after adjustment for sociodemographic 

characteristics and other risk factors, and no significant differences across levels of alcohol 

use were observed (Merry et al., 2011).

Our study examined the burden of angina symptomatology among VA patients previously 

diagnosed with CAD. Among this group of largely older men, we did not find clinically 

significant differences in angina symptoms after complete adjustment in key angina domains 

that are predictive of clinical outcomes of CAD (Mozaffarian et al., 2003), including 

physical function, frequency, or stability of angina. Solely age-adjusted models displayed 

very modest U-shaped relationship between alcohol use and angina symptoms, but further 

adjustment for confounding variables removed any clinically significant relationship 

between alcohol use and angina symptoms. The American Heart Association has 

commented on alcohol consumption and heart disease (American Heart Association, 2017; 

Bradley and Merrill, 1999) and concludes that while there is observational evidence that 

supports a protective effect for mild to moderate drinking, there is debate whether this is 

causal, and remains a subject that is important for physicians and patients to discuss on an 

individual basis. A recent summary of the literature suggests that new research raises 

concern that even low-moderate alcohol use may not offer cardio-protective effects (Toma et 

al., 2017), and a recent meta-analysis of observational studies of the association between 

alcohol use and all-cause mortality adjusted for study design characteristics known to bias 

results and found no protective effect of low-level drinking (Stockwell et al., 2016). While 

we found small, statistically significant differences in angina symptoms between all groups 

of drinkers and nondrinkers in age-adjusted models, in fully adjusted models, no evidence of 

a protective or significant salutary effect of drinking on patient experiences of angina were 

observed. Further, the one clinically significant difference in less physical limitation for 

angina adjusted only for age occurred at a level of alcohol use that is known to be associated 

with other negative outcomes. While our study was observational and cross-sectional 

(limiting causal inference), our findings do not support a protective effect of alcohol use on 

patient experience of angina—in three key domains that predict clinical outcomes of CAD—

and add to growing literature that low-level alcohol use may not have beneficial effects on 

cardiovascular outcomes(Stockwell et al., 2016; Toma et al., 2017).

This study has limitations. The AUDIT-C is a validated screening instrument that is widely 

used (Bradley et al., 2006) and correlates well with alcohol use and severity of alcohol use 

(Rubinsky et al., 2013; Rubinsky et al., 2010). However, it is not a detailed alcohol 

consumption questionnaire. The AUDIT-C has been associated in a graded fashion with 

many medical outcomes ranging from medication adherence (Bryson et al., 2008) to 

mortality (Harris et al., 2010; Kinder et al., 2009). While our population consisted of VA 

patients and may lack generalizability, there is no reason to believe that there would be 

biological differences in the relationship between alcohol use and angina symptoms between 

this sample and men in the general population. Similarly, the unique data used in this study 

were collected between 1997 and 2000. While it is possible that associations between 

alcohol use and angina symptoms change over time, it is unlikely that results would differ in 

a later sample. Additionally, angina symptoms and alcohol use were both assessed at 

baseline, and this cross-sectional data does not address whether prior alcohol use inhibits the 
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development of angina over time. Drinking patterns could change after patients develop 

angina, and therefore obscure a protective relationship between alcohol use and angina 

symptoms, but report of use in the past year, after adjustment, does not appear to be 

associated with angina symptoms as measured by the SAQ. Finally, this study relied almost 

entirely on self-report data. While our measure of self-reported CAD has very high (>90%) 

sensitivity and specificity relative to chart review,(Spertus et al., 2000) and the AUDIT-C 

and SAQ are both validated measures, it is possible that results are subject to social 

desirability and/or recall bias. These biases would have resulted in misclassification, which 

could have tempered results (e.g., if patients were categorized into lower drinking categories 

than that reflecting true past-year drinking, it may have elevated SAQ scores at lower levels 

of drinking). However, self-report is also a key strength of this study because we were able 

to assess patient-reported experiences of domains of angina that influence key clinical 

outcomes (Mozaffarian et al., 2003). Additional strengths help to outweigh the limitations. 

Specifically, this study included a relatively large group of patients with CAD that also had 

an adequate prevalence of any and unhealthy alcohol use to allow greater than 99% power to 

detect a clinically significant 8 point difference in angina symptoms across alcohol use 

groups. While the lack of statistically or clinically significant differences due to chance 

alone is possible, it is highly improbable.

CONCLUSIONS

There are very few studies that examine the association between alcohol use and the 

experience of angina among patients with CAD, and there is current uncertainty about the 

role of alcohol use in the prevention or amelioration of CAD and its symptoms. In this large 

study of men, we found that there were no clinically significant differences in angina 

symptoms associated with alcohol use after adjustment for important confounding variables, 

and no support that alcohol use is strongly associated with angina symptoms.
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Figure 1. 
a. Age- and Fully-Adjusted* Mean Score on Physical Limitation Due to Angina by Alcohol 

Use Groups

b. Age- and Fully-Adjusted* Mean Score on Angina Frequency by Alcohol Use Groups

c. Age- and Fully-Adjusted* Mean Score on Angina Instability by Alcohol Use Groups

*fully adjusted model includes age, race, education, income, smoking status and intensity, 

depression screening results, diabetes, congestive heart failure, myocardial infarction, 

coronary revascularization, hypertension, renal disease, and pulmonary disease.
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Table 1

The AUDIT-C and Scoring System (Total AUDIT-C scores range from 0-12)

1 How often have you had a drink containing alcohol in the past year? Consider a “drink” to be a can of beer, a glass of 
wine, a wine cooler, or one cocktail or shot of hard liquor (like scotch, gin, or vodka).

Never (0 points); monthly or less (1); 2-4 times a month (2); 2-3 times a week (3); ≥ 4 days/week (4).

2 How many drinks containing alcohol did you have on a typical day when you were drinking in the past year?

0 drinks (0 points); 1-2 drinks (0); 3-4 drinks (1); 5-6 drinks (2); 7-9 drinks (3); 10 or more drinks (4).

3 How often did you have 6 or more drinks on one occasion in the past year?

Never (0 points); less than monthly (1); monthly (2); weekly (3); daily or almost daily (4).
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