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OBSERVATIONAL STUDY

The Association Between Alcohol Consumption and Left
Ventricular Ejection Fraction

An Observational Study on a General Population

Zhao Li, MD, PhD, Xiaofan Guo, MD, Yinglong Bai, PhD, Guozhe Sun, MD, Yufan Guan, MD,
Yingxian Sun, MD, PhD, and Abraham Maria Roselle, MD, PhD

Abstract: The results of previous studies on the relation between
alcohol consumption and heart failure (HF) have been inconsistent. This
study aimed to evaluate the association between alcohol consumption
and left ventricular ejection fraction (LVEF) in a general population.

A total of 10,824 adults were examined using a multistage cluster
sampling method to select a representative sample of individuals
who were at least 35-years old. The participants were asked to
provide information about their alcohol consumption. Echocardio-
grams were obtained, and LVEF was calculated using modified
Simpson’s rule.

Of the 10,824 participants included in the present study, 46.1%
were males, and the mean participant age was 54 years; age ranged
from 35 to 93 years. The overall prevalence of LVEF< 0.50 and LVEF
< 0.40 in the studied population was 11.6% and 2.9%, respectively.
The prevalence of LVEF < 0.5 and LVEF < 0.04 was higher in both
the moderate and heavy drinker groups than in the nondrinker group (P
<0.05). Multivariate logistic regression analyses corrected according
to the different levels of alcohol consumption showed that moderate
and heavy drinkers had an —1.3-fold and 1.2-fold higher risk of LVEF
<0.5, respectively, than nondrinkers (OR: 1.381, 95% CI: 1.115—
1.711, P =0.003 for moderate drinkers; OR: 1.246, 95% CI: 1.064—
1.460, P =0.006 for heavy drinkers). Heavy drinkers had an ~1.5-fold
higher risk of decreased LVEF < 0.4 than nondrinkers (OR: 1.482,
95% CI: 1.117-1.965, P =0.006). Moderate drinkers did not show a
risk of decreased LVEF < 0.4 that was significantly higher than that of
nondrinkers (OR: 1.183, 95% CI: 0.774—1.808, P=0.437).

According to these results, we concluded that increased alcohol
consumption was associated with decreased LVEF compared with no
alcohol consumption in this general population.
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Abbreviations: BMI = body mass index, CVD = cardiovascular
disease, DBP = diastolic blood pressure, FPG = fasting plasma
glucose, GFR = glomerular filtration rate, HDL-C = high-density
lipoprotein cholesterol, HF = heart failure, LDL-C = low-density
lipoprotein cholesterol, LVEF = left ventricular ejection fraction,
SBP = systolic blood pressure, TC = total cholesterol, TG =
triglyceride, WC = waist circumference.

INTRODUCTION

he effect of alcohol on the heart is a controversial issue.

Some studies have reported that alcohol intake can reduce
the risk of coronary heart disease,l’2 whereas other studies have
reported that alcohol use is associated with increased cardiac
morbidity and mortality.> > The results of previous studies on
alcohol consumption and heart failure (HF) have also been
inconsistent. The Framingham Heart Study reported that alco-
hol consumption is not associated with an increased risk of
congestive HF, even among heavy drinkers (>15 drinks/week in
men and >8 drinks/week in women).® The Olmsted County
Heart Function Study concluded that in a community setting,
light alcohol consumption (<1 drink a day) was associated with
a reduced prevalence of moderate systolic dysfunction.” The
British Regional Heart Study concluded that there was no
evidence that light to moderate drinking is beneficial for the
prevention of HF in older men without a history of ML
However, heavier drinking (>5 drinks/day) was associated with
an increased risk of HF in susceptible men with underlying
myocardial ischemia.®

The latest study indicates that HF has been an important
cause of cardiac mortality globally, with increasing prevalence
and incidence.” ! Although left ventricular (LV) performance
can be evaluated by multiple parameters, including LV dimen-
sions, the LV mass index, regional wall motion abnormalities,
diastolic dysfunction, and left ventricular ejection fraction
(LVEF) are the most representative measures of LV systolic
function.'>!'* However, few studies have focused on the associ-
ation between alcohol consumption and HF among the general
population; clarifying this relationship will be useful for the
management of individuals with HF from a clinical perspective.
Thus, we performed this study based on a general population
from rural China with the aim of examining the association
between alcohol consumption and depressed LVEF.

METHODS

Study Population

This study adopted a multistage, stratified, random cluster
sampling scheme. From January 2012 to August 2013, a
representative sample of individuals who were at 35 years or

www.md-journal.com [ 1


http://dx.doi.org/10.1097/MD.0000000000003763

Li et al

Medicine ¢ Volume 95, Number 21, May 2016

older was selected in order to examine the prevalence, inci-
dence, and natural history of cardiovascular risk factors in
Liaoning Province. This research was approved by the Ethics
Committee of China Medical University (Shenyang, China).
Procedures were performed in accordance with ethical stan-
dards. The detailed methods have been previously pub-
lished.*'***° We used baseline data in this report, and only
participants who had complete data sets for the variables
analyzed were included, yielding a final sample size of
10,824 individuals (4989 males and 5835 females).

Data Collection and Definitions

Via an interview with a standardized questionnaire, the
data were obtained on demographics, lifestyle, dietary habits,
income, history of heart disease, and medication used over the
past 2 weeks .Blood samples were obtained from all the subjects
in the morning after at least 12 hours of fasting. Serum potass-
ium and magnesium, as well as other routine blood biochemical
indexes, were analyzed using an autoanalyzer (Olympus AU
640; Olympus Corp., Kobe, Japan). The detailed process have
been presented elsewhere. #4047

Hypertension was defined as SBP >140mm Hg, DBP
>90 mm Hg and/or use of antihypertensive medications accord-
ing to the JNC-7 report.'> And according to the World Health
Organization (WHO) criteria, body mass index (BMI) values
were categorized into different groups'®: normal, overweight,
and obese (for normal, BMI <25 kg/mz; for overweight, 25<
BMI <30kg/m?; and for obese, BMI >30 kg/m?). Participants
with waist circumference (WC) >88 cm for females and WC
>102 cm for males were defined as abdominal obesity.!” Dys-
lipidemia was determined by the National Cholesterol Edu-
cation Program-Third Adult Treatment Panel (ATP III)
criteria.'® FPG >7 mmol/L (126 mg/dL) and/or receiving treat-
ment for diabetes was diagnosed as diabetes mellitus according
to the following WHO criteria.'® Using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) eﬂuation, the
glomerular filtration rate (GFR) was estimated.”®*” Reduced
GFR was defined as an estimated GFR (eGFR) <60 mL/min/
1.73 m?. In accordance with WHO criteria, anemia was defined
as serum hemoglobin levels <12.0 g/dL (<120 g/L) for women
and <13.0g/dL (<130g/L) for men®*' Uric acid levels
>422 umol/L for men and >363 wmol/L for women was
defined as hyperuricemia.

Echocardiography Measurements

The transthoracic echocardiogram included M-mode, 2-
dimensional, and color Doppler. Detailed measurements used in
this study have been previously published.*'*® According to the
guideline of American Society of Echocardiography,®® left
ventricular internal dimensions (LVIDs), posterior wall thick-
ness (PWT),as well as interventricular septal thickness (IVST)
were obtained.* Left ventricular volumes were obtained from
the apical 4-chamber view and the left ventricular ejection
fraction (LVEF) was computed using the modified Simpson’s
rule.?>** We used thresholds of LVEF < 0.5 and LVEF < 0.4 to
indicate decreased LVEF.>>2¢

Alcohol Consumption Assessment

Alcohol consumption was assessed during the interview
using the questionnaire. The participants were asked to provide
information regarding whether they regularly consumed alco-
hol, the average amount of alcohol they consumed per day, and
the number of days per month that they consumed alcohol. The

2 | www.md-journal.com

amount of pure alcohol consumed was calculated based on the
reported frequency and amount of drinking. In China, the
ethanol weight content differed among the beverages as fol-
lows: 5% in beer, 12.5% in red wine, and 45% in hard liquor.
One drink was defined as an average of 15 g of ethanol.>” We
used thresholds based on the definition of daily alcohol con-
sumption from the National Institute on Alcohol Abuse and
Alcoholism to categorize the participants based on their level of
consumption as follows: nondrinkers (i.e., abstainers, or no
alcohol consumption history), moderate drinkers (i.e., up to
1 drink/day for women and up to 2 drinks/day for men), and
heavy drinkers (i.e., >1 drink/day for women and >2 drinks/day
for men).>®

Statistical Analysis

Descriptive statistics were calculated for all the variables;
continuous variables are reported as the mean values and
standard deviations, and categorical variables are reported as
counts and percentages. Differences among the categories were
evaluated using nonparametric tests or the x2 test, as appro-
priate. Multivariate logistic regression analyses were used to
identify correlates of decreased LVEF; the association strengths
are expressed as odds ratios (ORs) and corresponding 95%
confidence intervals (Cls). All the statistical analyses were
performed using SPSS version 22.0 and P values <0.05 were
considered statistically significant.

RESULTS

Basic Characteristics of the Study Population

Of the 10,824 participants included in the present study,
46.1% were males; the mean age was 54 years and ranged from
35 to 93 years. Of all the participants, 810 (7.5%) and 1820
(7.5%) were moderate and heavy drinkers, respectively. On
average, the LVEF calculated using the modified Simpson’s
rule was 0.62 £ 0.10 among the included population. The over-
all prevalence of LVEF< 0.50 and LVEF < 0.40 in the included
population was 11.6% and 2.9%, respectively. Table 1 shows
the clinical characteristics and demographics of the study
population according to the alcohol consumption level. The
mean age of participants in the nondrinker, moderate, and heavy
drinker groups was 53.75+£10.56, 54.20£10.79, and
53.74+10.30 years, respectively. No significant differences
were found among the 3 groups in the demographic or and
laboratory variables included in the table, except in FPG. The
prevalence of comorbidities, history of stroke, history of heart
disease, and diabetes was significant different among the 3
groups (all P <0.001).

Mean Level of LVEF and Prevalence of Decreased
LVEF With Different Levels of Alcohol
Consumption

As shown in Table 2, the echocardiogram results for the
left ventricle in different alcohol consumption groups showed
that there were no significant differences in the left ventricular
internal diastolic dimensions, interventricular septal thickness,
posterior wall thickness, left ventricular internal systolic dimen-
sions, left ventricular end-diastolic volume, and left ventricular
end-systolic volume among the 3 alcohol consumption groups.
However, there were significant differences in the stroke
volume and the minor fraction of the left ventricle among
the 3 groups. The mean level of LVEF of the nondrinker,
moderate, and heavy drinker groups was 0.62+0.10,
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TABLE 1. Baseline Characteristics of the Study Population According to Alcohol Consumption Groups (n=10,824)

Variables No Drinking (n=8194) Moderate Drinking (n=810) Heavy Drinking (1820) P Value'
Age (y) 53.75+£10.56 54.20+10.79 53.74+10.30 0.498
Male gender 3750 (45.8%) 393 (48.5%) 846 (46.5%) 0.304
Female gender 4444 (54.2%) 417 (51.5%) 974 (53.5%) 0.304
Current smoking 2874 (35.1%) 301 (37.2%) 640 (35.2%) 0.494
Family income (CNY/year) 2.2140.64 2.22+0.67 2.21£0.65 0.895
BMI (kg/m?) 24.76 +3.63 24.79 +3.66 24.93 +3.82 0.196
WC (cm) 82.26+9.77 82.67+9.57 82.48 +£9.94 0.384
General obesity 606 (7.5%) 55 (7.0%) 158 (8.9%) 0.115
Abdominal obesity 1196 (14.6%) 113 (14.0%) 295 (16.2%) 0.166
SBP (mm Hg) 141.51£23.24 142.40 +24.04 141.18 +23.17 0.459
DBP (mm Hg) 82.06+11.68 81.88 +11.60 81.87+12.00 0.779
TC (mmol/L) 5.254+1.08 5254+1.08 5.18+1.07 0.071
TG (mmol/L) 1.61+1.41 1.70 +£1.58 1.69 +1.58 0.050
HDL-C (mmol/L) 1.41+0.38 1.41+£0.39 1.39+0.36 0.197
LDL-C (mmol/L) 2.92+0.82 2.97+0.78 2.92+0.80 0.224
Uric acid (wmol/L) 291.84 4+-84.67 294.30493.63 293.15483.05 0.649
FPG (mmol/L) 5.85+1.59 6.07 +1.86 6.03 +1.63 <0.001
Hemoglobin (g/L) 138.71 £18.70 138.154+19.48 138.27 +19.11 0.533
Estimated GFR (ml/min/1.73 m?) 92.82 +15.46 92.27+14.92 92.94 +18.27 0.597
History of heart disease” 133 (16.6%) 93 (11.7%) 180 (10.1%) <0.001
History of stroke 756 (9.4%) 46 (5.8%) 123 (6.9%) <0.001
Dyslipidemia 2922 (36.3%) 298 (37.8%) 666 (37.4%) 0.551
Diabetes 772 (9.6%) 98 (12.4%) 234 (13.1%) <0.001
Hypertension 4033 (50.1%) 414 (52.5%) 913 (51.3%) 0.361
Hyperuricemia 790 (9.8%) 88 (11.2%) 170 (9.5) 0.429

Data are expressed as the mean £ SD or as n (%).
BMI=body mass index, CNY = Chinese Yuan (1CNY =0.157 USD), DBP =diastolic blood pressure, GFR = glomerular filtration rate,
FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, SBP = systolic blood
pressure, TC =total cholesterol, TG = triglyceride, WC = waist circumference.
“Includes coronary heart disease, arrhythmia and heart failure.

"The p-values were determined using the chi-square test for categorical data and using a non-parametric test for continuous data.

0.61 £0.10, and 0.62 4-0.11,respectively. Compared with the
nondrinker group, the mean LVEF was lower in both the
moderate and heavy drinker groups (P=0.007). We used
thresholds of LVEF < 0.50 and <0.40 to indicate decreased

LVEF. The prevalences of LVEF <0.50 among the nondrinker,
moderate, and heavy drinker groups were 10.9%, 14.6%, and
13.1%, respectively (Figure 1). The prevalences of LVEF <0.50
were higher in both the moderate and heavy drinker groups than

TABLE 2. Left Ventricle Echocardiogram Results in Different Alcohol Consumption Groups

No Drinking (n =8194) Moderate Drinking (n =810) Heavy Drinking (n =1820) P Value
IVST (mm) 0.88£0.28 0.89£0.15 0.89+0.21 0.519
LVDD (mm) 4.72+£0.43 4.70+£0.42 4.69+0.42 0.053
LVSD (mm) 3.11£0.42 3.14+0.45 3.10+£0.45 0.061
PWT (mm) 0.87£0.29 0.86£0.10 0.87+£0.21 0.808
EDV (mL) 104.51+23.24 103.63 +21.80 103.16 +22.13 0.057
ESV (mL) 39.42+13.38 40.52 +14.63 39.25£14.15 0.068
SV (mL) 65.09+18.71 63.11£16.44 63.90£17.75 0.001
LVEF 0.62+0.10 0.61£0.10 0.62£0.11 0.007
FS 0.34£0.07 0.33+£0.07 0.34+0.08 0.006

EDV =Ieft ventricular end-diastolic volume, EF =left ventricular ejection fraction, ESV =left ventricular end-systolic volume, FS =minor
fraction of the left ventricle, IVST = interventricular septal thickness, LVDD = left ventricular internal diastolic dimensions, LVSD = left ventricular
internal systolic dimensions, PWT = posterior wall thickness, SV = stroke volume.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Prevalence of LVEF < 0.50 in the different alcohol
consumption groups. LVEF = left ventricular ejection fraction.

in the nondrinker group (P=0.001), and the prevalences of
LVEF <0.40 among the nondrinker, moderate, and heavy
drinker groups were 2.7%, 3.2%, and 3.8%, respectively
(Figure 2). The prevalence of LVEF <0.40 was higher in both
the moderate and heavy drinker groups than in the nondrinker
group (P=0.021).

Association Between Alcohol Consumption and
LVEF

Table 3 presents multivariate logistic regression analyses
of the risk of decreased LVEF corrected according to the
different levels of alcohol consumption. The analyses fully
adjusted for the following factors: gender, age, height, abdomi-
nal obesity, race, education, diabetes, income, current smoking,
activity level, decreased GFR, history of stroke, anemia, hyper-
uricemia, dyslipidemia, heart rate, history of heart disease,
intake of medication over the past 2 weeks, diet score, and
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FIGURE 2. Prevalence of LVEF < 0.40 in the different alcohol
consumption groups. LVEF =left ventricular ejection fraction.
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general obesity. After these adjustments, the data showed that
the moderate and heavy drinkers had an ~1.3-fold and 1.2-fold
higher risk of LVEF <0.5, respectively, than nondrinkers (OR:
1.381,95% CI: 1.115-1.711, P =0.003 for moderate drinkers;
OR: 1.246, 95% CI: 1.064—1.460, P =0.006 for heavy drin-
kers), and heavy drinkers had an ~1.5-fold higher risk of
decreased LVEF <0.4 than nondrinkers (OR: 1.482, 95% CI:
1.117-1.965, P=0.006). Moderate drinkers did not show a
significantly higher risk of decreased LVEF <0.4 compared
with nondrinkers (OR: 1.183, 95% CI: 0.774-1.808,
P=0.437).

DISCUSSION

In the present study, we first evaluated the association
between alcohol consumption and LVEF in a large Chinese
population. We found that both moderate and heavy drinkers
were at greater risk for LVEF than were nondrinkers. This is the
first study to focus specifically on the relationship between
alcohol consumption and LVEF in a general population
in China.

Few studies have focused on the association between
alcohol consumption and left ventricular ejection fraction in
the general population. In a community-based, elderly popu-
lation (76 + 5 years and 60% women), higher alcohol intake was
shown to be associated with lower left ventricular ejection
fraction.?’ In a population-based random sample of 2,042 adults
(aged >45 years), a U-shaped relationship between alcohol
consumption volume and LVEF was reported, and the lowest
risk of moderate LV dysfunction (LVEF < 40%) was observed
in light drinkers (< 1 drink a day); however, no significant
association was found between alcohol consumption and LV
dysfunction (LVEF <5 0%).?® In the present study, both
moderate and heavy alcohol consumption were associated with
LVEF < 0.5. Heavy alcohol consumption was associated with
both LVEF < 0.5 and LVEF < 0.4. The differences in the
conclusions drawn among these studies may be due to differ-
ences in population characteristics. The present study is the first
to utilize data from a rural population in China.

Based on these results, the idea that moderate alcohol
consumption (<1 drink a day for women and elderly and 1-2
drinks a day for men) is reasonable should be reconsidered.?’
Moreover, LVEF is an important indicator of left ventricular
systolic cardiac dysfunction.*® Our results suggest that individ-
uals with HF should not consume moderate or excessive
amounts of alcohol. However, long-term follow-up studies
are needed to support this conclusion.

The mechanism of action of alcohol on the heart involves
both ethanol and its metabolites, which induce reactive oxygen
species generation, lipid peroxidation, inflammatory cytokine
expression, organelle damage, and stress, as well as activate
both the apoptotic and necrotic cell death pathways.>' * For
population-based studies, genetic and environmental factors
should be considered. Studies have shown that the common
homozygote of CHRM2 151824024 is significantly associated
with alcohol dependence severity.34’3(’ Moreover, the echocar-
diogram results indicated that further studies on the relation
between alcohol use and contractility of the myocardium should
also be conducted.

Our study had some limitations. We analyzed the average
daily alcohol consumption, but cumulative alcohol consump-
tion was not analyzed in this study. This information will be
included in the follow-up study, and the effect of cumulative
alcohol consumption on LVEF could be different from the

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Multivariate Logistic Regression Analyses for the Association Between Increased Alcohol Consumption and Decreased

Left Ventricular Ejection Fraction

LVEF<0.50 LVEF<0.40

Variables OR 95% CI P Value OR 95% CI P Value
Alcohol consumption

No drinking 1.000 1.000 0.001 1.000 1.000 0.023

Moderate drinking 1.381 1.115-1.711 0.003 1.183 0.774-1.808 0.437

Heavy drinking 1.246 1.064—-1.460 0.006 1.482 1.117-1.965 0.006
Female gender 0.763 0.657-0.886 0.000 0.677 0.510-0.900 0.007
Age (y) 1.002 0.995-1.009 0.596 1.011 0.998-1.024 0.096
Race 1.237 0.952-1.606 0.111 1.572 1.004-2.461 0.048
Education 1.001 0.905-1.107 0.984 0.955 0.790-1.155 0.635
Family income 1.259 1.138-1.392 0.000 1.435 1.184-1.740 0.000
Current smoking 1.010 0.878-1.163 0.887 1.015 0.779-1.323 0.912
Physical activity 0.826 0.735-0.929 0.001 0.729 0.584-0.909 0.005
General obesity 1.107 0.856-1.430 0.439 0.996 0.612—-1.621 0.987
Abdominal obesity 0.972 0.786-1.202 0.793 1.132 0.763—-1.681 0.537
Hypertension 1.332 1.164—-1.523 0.000 1.304 1.010-1.683 0.042
Diabetes 0911 0.742-1.118 0.371 0.954 0.654-1.390 0.805
Decreased estimated GFR 1.109 0.721-1.707 0.637 0.660 0.261-1.671 0.381
History of stroke 0.916 0.741-1.133 0.420 1.294 0.836-2.001 0.248
Anemia 1.042 0.863-1.259 0.668 1.286 0.921-1.796 0.140
Hyperuricemia 0.732 0.585-0.915 0.006 0.715 0.462—-1.107 0.132
Dyslipidemia 1.049 0.921-1.195 0.470 1.073 0.840-1.371 0.574
Heart rate 1.005 1.001-1.010 0.029 1.005 0.996-1.014 0.281
Medication used” 1.123 0.993-1.270 0.064 1.171 0.927-1.479 0.184
Diet score 1.105 1.044-1.170 0.001 1.003 0.901-1.117 0.950
History of heart disease’ 1.072 0.902-1.274 0.432 1.070 0.775-1.477 0.681

95% CI=95% confidence interval, GFR = glomerular filtration rate, LVEF = left ventricular ejection fraction, OR = odds ratio.

*Indicates any self-reported medication used in the past 2 weeks.
fIncludes coronary heart disease, arrhythmia, and heart failure.

observations of this study. In addition, we did not statistically
analyze whether the type of alcoholic drink consumed influ-
enced LVEF. Several previous studies have suggested that wine
intake had a relatively lower effect on cardiovascular dis-
ease.*>* However, as shown in the supplementary table, nearly
no wine consumption occurred within the studied population.
This difference may be due to local customs and does not affect
our results. In addition, our results were obtained using a cross-
sectional design; thus, no cause-and-effect relationships could
be established.

In conclusion, based on this general population from
China, we found that increased alcohol consumption was
associated with decreased LVEF compared with that
of nondrinking individuals, and we recommend that the
general population should consider refraining from drinking
alcohol.
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