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Effect of different alcohol consumption levels
on the left atrial size: A cross-sectional study
inrural China

ABSTRACT

Objective: Previous studies have investigated the relationship between alcohol and ven-
tricular structure; however, few studies have evaluated the relation between alcohol con-
sumption and the atrium size. In this study, we aimed to test the association between alco-
hol consumption and left atrium (LA) size in the general population.

Methods: A population-based sample of 10,211 subjects aged =35 years and free from hy-
pertension atbaseline were followed from January 2012 to August 2013. Left atrial enlarge-
ment (LAE) was defined as the ratio of LA diameter to body surface area exceeding 2.4 cm/
m?in both the sexes. Independent factors for LAE were estimated by multiple logistic re-
gression analyses.

Results: The study included 10,211 participants (4,751 men and 5,460 women). Left atri-
al diameter/body surface area (LAD/BSA) was higher in the moderate and heavy alcohol
consumption groups than in the non-drinker group (non-drinker, 20.5+0.03 cm/m?; moder-
ate, 20.8+0.09 cm/m?; and heavy, 20.6+0.06 cm/m?; p<0.001). Both the groups of moder-
ate and heavy drinkers had a higher incidence of LAE than the non-drinker group (6.9% of
non-drinkers, 99% of moderate drinkers, and 8.4% of heavy drinkers; p<0.001). After ad-
justing for related risk factors, multiple logistic regression analyses showed that moderate
drinkers had an approximately 1.4-fold higher risk of LAE [odds ratio (OR): 1.387, 95% confi-
dence interval (Cl) 1.056—1.822, p=0.019] compared with the non-drinkers, and the heavy
drinkers had an approximately 1.2-fold higher risk of LAE (OR: 1.229, 95% Cl: 1.002-1.508,
p=0.047) compared with that of the non-drinkers.

Conclusion: Both heavy and moderate drinkers had increased odds for LAE compared with
participants with no alcohol consumptionin the general population.

Keywords: left atrial enlargement, alcohol consumption, general population

INTRODUCTION

The association between alcohol drinking and cardiovascular disease (CVD) is a
controversial topic. Previous studies had linked alcohol consumption to a reduced
risk of coronary heart disease (1, 2), whereas other surveys report that alcohol use
is associated with increased adverse cardiovascular events (3-5).

The evaluation of left atrial (LA) size can predict CVD outcomes (6, 7). Both volume
and pressure overload can increase atrial size, and LA dilatation can also cause
pressure overload resulting from fibrosis and/or calcification of the LA (8). Pre-
vious studies have indicated that ethanol increases blood pressure, which might
lead to volume and pressure overload and could disturb myocardial metabolism,
including myocardial fibrosis (9-11). On the basis of these theories, we hypothe-
sized that alcohol was associated with heart structure. Although many studies
have investigated the relationship between alcohol and ventricular structure,
few studies have evaluated the relation between alcohol consumption and atrium
size. Therefore, in this study, we aimed to evaluate the association between alco-
hol consumption and LA size in the general population with the goal of providing
a population-based evidence for a link between alcohol and cardiovascular mor-
tality risk.
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METHODS
The methods of thisstudy has been published elsewhere (12, 13).

Study population

The study was a cross-sectional survey and was conducted in
3 counties (Dawa, Zhangwu, and Liaoyang) and 26 rural vil-
lages in the Liaoning Province, China, from January 2012 to
August 2013. The survey used a multilevel stratified random
sampling design to selectrepresentative samples of the gen-
eral population aged 35 years or older. Participants who were
pregnant and those who had malignant tumors or mental
disorders were not included. In the selected villages, every
eligible permanent villager was invited to participate in the
investigation, a total of 14,016 individuals. In addition, 11,956
individuals took part in the study. Thus, the response rate
was 85.3%. The Ethics Committee of the China Medical Uni-
versity (Shenyang, China, AF-SDP-07-1, 0-01) approved the
study. All the processes followed ethical standards. All the
participants signed informed consents after being informed
of the study details. This study used only baseline data for
the study that contains data from individuals with complete
analytical variables related to this study.

Data collection and measurements

Data were collected through questionnaires and face-to-face
interviews by trained cardiologists and nurses. All the partic-
ipants were questioned about demographic characteristics,
lifestyle risk factors, history of heart disease [atrial fibrilla-
tion (AF), prevalent valvular heart disease, heart failure, and
coronary heart disease], medication use (anti-hypertensive,
anti-diabetic, and anti-hyperlipidemia drug treatments), and
family income through standardized questionnaires in the last
two weeks. Self-reported sleep duration was composed of the
duration of nighttime sleep and naps. Physical activity includ-
ed occupational and leisure activities, and the other study has
described the measures in detail (14). After the integration of
occupational and leisure activities, they were reclassified as
low (participants who had light recreational sports and occu-
pational manual labor), moderate (individuals who had mod-
erate or high level of recreational sports and occupational
manual labor), and high (those who had moderate or high level
of recreational sports and occupational manual labor). Height
and weight measurements were accurate to 0.1 cm and 0.1 kg,
respectively. The subjects were required to take off their shoes
and wear light clothes when taking the measurements. Body
mass index was calculated using the standard formula, kg/m?.

After fasting for atleast 12 hours, blood was drawn from the
antecubital vein using BD Vacutainer tubes with EDTA (Bec-
ton, Dickinson and Co., Franklin Lakes, NJ, USA). Samples

HIGHLIGHTS

e This study is based on a large-scale epidemiological
study of 10,211 Chinese participants.

e Both heavy and moderate drinkers had increased odds
for left atrial enlargement than participants with no al-
cohol consumption.

e Alcohol consumption may cause atrial
through enlargement of the left atrium.

fibrillation

—Jx{¢]

Miao et al. Effect of different alcohol consumption levels on the left atrial size

were rapidly serum-separated, stored at -20°C and trans-
ferred to the central certified laboratory with an Olympus
AU640 Auto-Analyzer (Olympus Corp., Kobe, Japan) to de-
tect blood biochemical indicators. It was also important to
calibrate all the devices and use blinded duplicate samples.
Cardiologists used a MAC 5 500 (GE Healthcare, Little Chal-
font, Buckingham-shire, UK) with the MUSE Cardiology In-
formation System, version 7.0.0 (GE Healthcare) to perform a
12-lead electrocardiogram on each participant.

Three cardiac sonographers performed echocardiogram on
each participant using a Doppler echocardiograph (Vivid, GE
Health-care, USA) with a 3.0-MHz transducer and analyzed
the data, and if necessary, two superior specialists were re-
quested to assist in the diagnosis. The transthoracic echocar-
diogram was performed in the supine position, and the report
of the echocardiogram was described after integrating the
results of two-dimensional (2D) measurements, M-mode mea-
surements, color Doppler checks, and spectral Dopplerimaging
measurements. The 2D and M-mode measurements of the root
of the aorta and the inner diameter and wall thickness of the
left ventricle and left atrium were displayed by the parasternal
acousticwindow. The four- and five-chamberimages were dis-
played by the parasternal acoustic window, and valvular regur-
gitation were captured by color Doppler. Procedures described
in other articles were used to verify the correct orientation of
imaging planes and Doppler recordings (15). According to the
recommendations of the American Society of Echocardio-
gram, LV internal dimensions, posterior wall thickness (PWT),
and interventricular septal thickness (IVST) were measured at
end-systole and end-diastole. The M-mode measurement of
the LA posteroanterior dimension under 2D guidance should
be made from the parasternal long-axis view. The LV ejection
fraction was estimated by the equation area product x ven-
tricular length, which was measured from the four-chamber
apical projection. At the end of the left ventricle diastole, the
LV end-diastolic diameter (LVDd) was measured from the LV
minor axis. The formula for calculating the left ventricle mass
(LVM)was LVM = 0.8 x [1.04{(LVIDd + PWTd + SWTd)3 - LVIDd3}]
+0.6g(16). Left ventricle massindex (LVMI) = LVM/standardized
body surface area (BSA) (17). The diameter of the left ventricle
was indexed for the BSA (18). The left ventricular ejection frac-
tion was measured from the four-chamber apical projection by
area product x ventricular length.

Alcohol consumption assessment

A questionnaire was used to assess alcohol consumption by
the average amount of alcohol consumption per day, wheth-
er alcohol was consumed regularly, and how many days per
month they consumed alcohol. The alcohol content of each
drink was not the same, for example, the alcohol content of
beerwas5%, alcohol content of red wine was12.5%, and alco-
hol content of hard liquor was 45%. Every 15 g of ethanol was
1drink (19). We used the concept of daily alcohol consump-
tion developed by the National Institute on Alcohol Abuse
and Alcoholism to classify and group people as non-drink-
ers (abstainers, no alcohol consumption history), moderate
drinkers (=1drink/day for women and <2 drinks/day for men),
and heavy drinkers (20). The conclusions of this classification
method were the same as those of WHO, although different
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Table 1. Baseline characteristics of the study population according to the different alcohol consumption levels

Alcohol consumption

Variables Non-drinker (n=7614) Moderate (n=795) Heavy (n=1802) P-value
Age (years) 53.25+10.40 54.55+10.29 5419+10.35 <0.001
Race (Han) 7237 (95.0%) 752 (94.6%) 1702 (94.5%) 0.534
Male sex 3465 (45.5%) 385 (48.4%) 901(50.0%) 0.001
Education 0.039
Primary school or below 3705 (48.7%) 394 (49.6%) 932(51.7%)

Middle school 3161(41.5%) 324 (40.8%) 731(40.6%)

High school or above 748 (9.8%) 77 (9.7%) 139 (7.7%)

Family income (CNY/year) 2.23+0.64 2.20+0.65 219+0.64 0.046
Total sleep (hours/day) 7.25+1.67 7.23+1.69 7.28+1.70 0.731
Physical activity 0.457
Low 2214 (291%) 235 (29.6%) 507 (28.1%)

Moderate 4957 (65.1%) 509 (64.0%) 1204 (66.8%)

High 443 (5.8%) 51(6.4%) 91(5.0%)

BMI (kg/m?) 24.66+3.64 2494+3.66 2497+3.60 0.002
BSA (m?) 1.65+0.18 1.65+0.18 1.66+017 0.024
SBP (mm Hg) 139.55+22.05 142.45x23.62 143.56+23.34 <0.001
DBP (mm Hg) 81.33+11.27 82.30x11.74 82.82+11.69 <0.001
HR (beats/minute) 71.84+12.60 71.62+12.88 7191£12.23 0.866
FPG (mmol/L) 5.88+1.60 6.00£1.75 5.95+1.63 0.035
TC (mmol/L) 5.21+1.07 5.29+1.09 5.27+1.10 0.032
HDL-C (mmol/L) 1.41+0.38 1.40+0.37 1.41+£0.40 0.706
LDL-C (mmol/L) 2.91+0.81 2.96+0.85 295+0.84 0.036
TG (mmol/L) 1.62+1.48 1.63+1.24 1.64+1.46 0.733
Hemoglobin (g/L) 138.44+18.29 139.57+21.27 139.98+20.00 0.004
Diabetes mellitus 725 (9.7%) 99 (12.7%) 204 (11.5%) 0.005
Anemia 969 (13.0%) 89 (11.4%) 194 (11.0%) 0.042
Dyslipidemia 2676 (35.9%) 295 (37.9%) 662 (37.4%) 0.315
Atrial fibrillation 75 (1.0%) 12 (1.5%) 23(1.3%) 0.254
Heart failure 69 (0.1%) 9(1.1%) 26 (1.4%) 0.118
Coronary heart disease 339 (4.5%) 34 (4.3%) 111(6.2%) 0.007
Anti-hypertensive drug treatment 980 (12.9%) 122 (15.3%) 298 (16.5%) <0.001
Anti-diabetic drug treatment 279 (3.7%) 41(5.2%) 66 (3.7%) 0106
Anti-hyperlipidemia drug treatment 231(3%) 29 (3.6%) 57 (3.2%) 0.629
Alcohol consumption (g/d) 0.00+0.00 15.84+7.39 84.55+£50.20 <0.001
LA posteroanterior dimension (cm) 3.34+0.39 3.39+0.42 3.40+0.39 <0.001
LVEF 0.62+0.10 0.62+0.09 0.62+0.10 0.621
E/A 1.05+1.19 1.01£0.58 0.99+0.55 0147
LVW (g) 132.06+2917 141.77+29.28 143.14+28.65 <0.001
IVST (cm) 0.86+0.10 0.89+0.11 0.89+0.10 <0.001
LVDD (cm) 4.66+0.38 4.75+£0.39 4.78+0.38 <0.001
PWT (cm) 0.84%0.09 0.87+0.09 0.87+0.09 <0.001
IVST (cm) 3.08+0.40 313+0.41 315+0.41 <0.001
Prevalent valvular heart disease 395 (5.2%) 51(6.4%) 119 (6.6%) 0.032
Left ventricular hypertrophy 925 (121%) 85 (10.7%) 232 (12.9%) 0.291

Data are expressed as mean * standard deviation (SD) or as n (%).

A - mitral A peak flow; BMI - body mass index; BSA - body surface area; SBP - systolic blood pressure; DBP - diastolic blood pressure; E - mitral E peak
flow; E/A - mitral E peak flow/mitral A peak flow; FPG - fasting plasma glucose; HDL-C - high-density lipoprotein cholesterol; IVST - interventricular

septal thickness; LDL-C - low-density lipoprotein cholesterol; LVEF - left ventricular ejection fraction; LVDD - left ventricular internal diastolic
dimensions; LVSD - left ventricular internal systolic dimensions; PWT - posterior wall thickness; TG - triglyceride; WC - waist circumference
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Table 2. Characteristics of study participants with and
without left atrial enlargement

Left atrial enlargement

Variables No (n=9660) Yes(n=551) P-value
Age (years) 52.9+10.2 61.0+£10.5 0.981
Male sex 4567 (48.3%) 184 (24.4%) <0.001
Race (Han) 489 (5.2%) 31(4.1%) 0.203
Income (RMB/year) 2.2+x0.6 2.0+0.6 <0.001
Education <0.001
Primary school orbelow 4499 (47.6%) 532(70.6%)
Middle school 4027 (42.6%) 189 (251%)
High school or above 931(9.8%) 33(4.4%)
Current smoking 3400 215(28.5%) <0.001

(36.0%)
Total sleep 7.3+1.7 7.0£19 0.002
Physical activity <0.001
Low 2652 (28.0%) 304

(40.3%)

Moderate 6265 (66.2%) 405 (53.7%)
High 540 (5.7%) 45 (6.0%)
BMI (kg/m?) 24.8+3.6 23.4+3.6 0112
SBP (mm Hg) 13994221  1481+25.5 <0.001
DBP (mm Hg) 81.8+11.3 80.5+12.3 0.012
HR (beats/ minute) 71.8+12.5 721+13.5 0.030
LA posteroanterior 3.3+x0.4 3.8+0.5 <0.001
dimension (cm)
E/A 1.0+11 09+0.3 <0.001
Left ventricular 1159 (12.3%) 83 (11.0%) 0.313
hypertrophy
Prevalent valvular heart 497 (514%) 68(12.34%) <0.001
disease
Diabetes mellitus 924 (10.0%) 104 (141%) <0.001
Dyslipidemia 3373(36.4%) 260(35.3%) 0.565
Anemia 1102 (11.9%) 150 (20.4%) <0.001
Atrial fibrillation 58 (0.6%) 52 (7.0%) <0.001
Heart failure 80 (0.8%) 24 (4.4%) <0.001
Coronary heart disease 437 (4.5%) 37 (8.5%) <0.001
Anti-hypertensive drug 347+3.6 3971 <0.001
treatment
Anti-diabetic drug 1242 (12.9%) 158 (28.7%) <0.001
treatment
Anti-hyperlipidemia drug 291(3%) 26 (4.7%) 0.025
treatment
Alcohol consumption 15.9+38.0 19.4+42.2 0.001

(g/d)

Data are expressed as mean * standard deviation (SD) or as n (%).
BMI - body mass index; SBP - systolic blood pressure; DBP - diastolic
blood pressure; A - mitral A peak flow; E -mitral E peak flow;

E/A - mitral E peak flow/mitral A peak flow

classification methods might lead to different statistical re-
sults. According to the concept of daily alcohol consumption
developed by the National Institute on Alcohol Abuse and
Alcoholism, cut-off values were found and were used to rank
the participants’ level of alcohol consumption: non-drink-
ers (abstainers, no alcohol consumption history), moderate
drinkers (=1drink/day for women and <2 drinks/day for men),
but otherwise heavy drinkers.

e 32

Table 3. Effect of alcohol consumptions on LAE

Variables OR (95% Cl) P-value
Sex 4.423 (3.498-5.593) <0.001
Age (years) 1.061(1.050-1.072)  <0.001
Education

Primary school or below 1.000 (reference) 0.068
Middle school 1.535(1.030-2.288)  0.035
High school or above 1.339 (0.889-2.017) 0162
Family income (CNY/year) 0.836 (0.807-0.966) 0.043
Total sleep 0957 (0914 -1.003)  0.067
Physical activity

Low 1.000 (reference) 0.252
Moderate 0.924 (0.754-1132) 0.446
High 1114 (0.886-1.400)  0.355
Current smoking 0.978 (0.806-1.187) 0.822
Currentdrinking 0.715 (0.543-0.943) 0.017
BMI (kg/m?) 0.786 (0.753-0.813)  <0.001
E/A 1.015 (0.929-1.109) 0.743
Hypertension 1.268 (1.055-1.524)  <0.001
Prevalent valvular heart 0.572(0.473-0.691) <0.001
disease

Atrial fibrillation 0.804 (0.354-1.823)  0.601
Heart failure 0.520 (0.275-0.986)
Coronary heart disease 1.353(0.942-1.944) 0102
Anti-hypertensive drug 1.032(0.865-1.232) 0.724
treatment

Anti-diabetic drug treatment 1.361(0.849-2.182) 0.201
Anti-hyperlipidemia drug 2102 (1114-3.968) 0.022
treatment

Diabetes mellitus 0.825(0.622-1.095) 0182
Anemia 0.453(0.316-0.649) <0.001
Dyslipidemia 1165 (0.982-1.382) 0.081
Alcohol consumption group

Non-drinker 1.000 (reference) 0.017
Moderate 1.387 (1.056-1.822) 0.019
Heavy 1.229 (1.002-1.508)  0.047

Multiple adjusted model: demographic characteristics, lifestyles,
echocardiography parameters, atrial fibrillation, prevalent valvular
heart disease, heart failure and coronary heart disease, anti-
hypertensive drug treatment, anti-diabetic drug treatment, anti-
hyperlipidemia drug treatment, hypertension, diabetes mellitus,
anemia, and family income.

BMI - body mass index; A - mitral A peak flow; E - mitral E peak flow;
E/A - mitral E peak flow/mitral A peak flow; OR - odds ratio;

Cl - confidence interval

Definitions

LAE was defined as the ratio of LA diameter to BSA exceed-
ing 2.4 cm/m?in both sexes (21). AF was defined as shown by
electrocardiogram or an AF history with no evidence on the
electrocardiogram. The definition of dyslipidemia was based
onthe National Cholesterol Education Program - Third Adult
Treatment Panel (ATP lll) guidelines (22). Diabetes mellitus
was diagnosed according to the WHO criteria (23): FPG 27
mmol/L (126 mg/dL) and/or on treatment for diabetes. Ane-
mia was a condition where the hemoglobin (Hb) concentra-
tion was <110 g/Lin women or Hb <120 g/L in men on the basis
of the China expert consensus.
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Figure 2. The prevalence of left atrial enlargement among

the different alcohol consumption groups (P<0.001).

Statistical analysis

Categorical variables were described by numbers and ra-
tios, and continuous variables were expressed as mean *
standard deviation. The Scheffe method was used to test
the differences between the groups. The x?-test, ANOVA, or
t-test were used to assess differences between categories.
Independent factors for LAE were estimated by multiple lo-
gistic regression analyses, which could also estimate odds
ratios (ORs) and corresponding 95% confidence intervals
(Cls). R version 3.6.3 software (https:/www.R-project.org,
the R Foundation) was used for mediating effect analysis
to explore whether LA enlargement was a mediating effect
of increased risk of AF caused by alcohol consumption. The

rest of the statistical analysis was done using the Statistical
Package for Social Sciences version 25.0 software (IBM Corp.,
Armonk, New York, USA) and the level of significance was
p<0.05. If 0 was not included between the upper and lower
limits of the 95% Cl, it was statistically significant.

RESULTS

The baseline characteristics of the included participants strat-
ified according to different alcohol consumption levels are
shown in Table 1. A total of 10,211 participants aged 35 years
or older were included (4,751 men and 5,460 women). There
were significant differences in the echocardiography parame-
ters, including LA posteroanterior dimension among the three
alcohol consumption groups (Fig. 1a) (p<0.05). The LAD/BSA
was higher in the moderate and heavy alcohol consumption
groups than in the non-drinker group (non-drinker, 20.5+0.03
cm/m?; moderate, 20.8+0.09 cm/m?; and heavy, 20.6+0.06 cm/
m?; p<0.001) (Fig. 1b). The prevalence of LAE was higher in both
the moderate and heavy drinker groups than in the non-drink-
er group (6.9% of non-drinkers, 99% of moderate drinkers, and
8.4% of heavy drinkers, p<0.001) (Fig. 2).

Table 2 presents the characteristics of the study participants
with and without LAE. Alcohol consumption was much high-
erin the LAE thanin the non-LAE participants (19.4+42.2 g/d
vs. 15.9+£38.0 g/d, p=0.001). In the population with LAE, 75.0%
were non-drinkers, 7.6% were moderate drinkers, and 17.5%
were heavy drinkers. In the population without LAE, 69.5%
were non-drinkers, 10.5% were moderate drinkers, and 20.0%
were heavy drinkers.

Table 3 presents the multiple logistic regression analyses of
the risk of LAE according to the different levels of alcohol
consumption. After adjusting for factors, including demo-
graphic characteristics; lifestyles; echocardiography param-
eters; AF; prevalent valvular heart disease; heart failure and
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Table 4. Effect of alcohol consumption on atrial fibrillation

Variables OR (95% Cl) P-value
Multiple adjusted model

without adjusted LAD/BSA

Alcohol consumption group

Non-drinker 1.000 (reference) 0.024
Moderate 4150 (1187-14.503) 0.026
Heavy 4.724 (1.456-15.327) 0.010
Multiple adjusted model with

adjusted LAD/BSA

Alcohol consumption group

Non-drinker 1.000 (reference) 0.023
Moderate 3.998(0.857-18.641) 0.078
Heavy 3.281(1154-9.326) 0.026

Multiple adjusted models without adjusted LAD/BSA: adjusting for
factors including demographic characteristics, lifestyles, prevalent
valvular heart disease, heart failure and coronary heart disease,
anti-hypertensive drug treatment, anti-diabetic drug treatment,
anti-hyperlipidemia drug treatment, hypertension, diabetes mellitus
and family income. Multiple adjusted models with adjusted LAD/BSA:
adjusting for factors including LAD/BSA, demographic characteristics,
life styles, prevalent valvular heart disease, heart failure and coronary
heart disease, anti-hypertensive drug treatment, anti-diabetic

drug treatment, anti-hyperlipidemia drug treatment, hypertension,
diabetes mellitus, and family income.

LAD - left atrial diameter; BSA - body surface area; OR - odds ratio;

Cl - confidence interval

coronary heart disease; anti-hypertensive, anti-diabetic,
and anti-hyperlipidemia drug treatments; hypertension; di-
abetes mellitus; anemia; and family income, the moderate
drinkers had an approximately 1.4-fold higher risk of LAE
(OR:1.387, 95% Cl: 1.056—1.822, p=0.019) than the non-drink-
ers, and the heavy drinkers had an approximately 1.2-fold
higher risk of LAE (OR: 1.229, 95% Cl: 1.002—-1.508, p=0.047)
than the non-drinkers. The occurrence of AF had no signifi-
cantdifferencein the occurrence of LAE.

Table 4 presents the multiple logistic regression analyses
of the risk of AF according to the different levels of alcohol
consumption. In the multiple adjusted model without LAD/
BSA adjusted; factors including demographic characteris-
tics, lifestyles, prevalent valvular heart disease, heart failure
and coronary heart disease, anti-hypertensive drug treat-
ment, anti-diabetic drug treatment, anti-hyperlipidemia
drug treatment, hypertension, diabetes mellitus, and family
income were adjusted. Moderate drinkers had a 4150 (1187—
14.503) and heavy drinkers had a 4.724 (1.456—15.327) times
risk of AF than non-drinkers. After further adjusting LAD/BSA,
heavy drinkers had a 3.281 (1154-9.326) times risk of AF than
non-drinkers. However, there was no significant difference in
the risk of AF between moderate and non-drinkers. Thus, the
size of the left atrium may explain the risk of AF in drinkers.

DISCUSSION

In this study, we evaluated the association between alcohol
consumption, LA size, and AF in the general Chinese popula-
tion. We found that both heavy and moderate drinkers had
increased odds for LAE compared with that of participants
with no alcohol consumption. Alcohol consumption caused
AF by causing the enlargement of the left atrium.
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Alcohol use has been shown to have numerous effects on the
cardiovascular system, including arrhythmia, hypertension,
stroke, and sudden death (24-27). LA size has been shown to
have asignificant prognostic value for cardiovascular events
such as heart failure, AF or stroke, and increased cardiovas-
cular and all-cause mortality rates (28, 29). However, few
studies have focused on the association between alcohol
consumption and LA size, and their results are inconsistent.
In a biracial cohort of young adults, researchers conclud-
ed that alcohol consumption was not a significant risk pre-
dictor for LAE (30). In patients with coronary heart disease,
researchers reported that heavy drinking correlated with a
5-yearincrease in LAV (31). Another study in an elderly com-
munity-based population reported that increased alcohol
intake was associated with increased LA size (32). Ina cohort
study of 5,220 people, McManus et al. (33) included LA diam-
eter instead of LA size in their analysis. They found that LA
size was not significantly associated with alcohol consump-
tion; however, it accounted for 24% of the incidence of AF as-
sociated with alcohol consumption (33).

In the echocardiographic assessment, there are several
methods to evaluate the size of LA, including volume and
dimension. The use of echocardiography to evaluate the
parameters of the left atrium was subjective to a certain
extent, but we adopted the method of step-by-step di-
agnosis by multiple physicians to ensure the accuracy of
the assessment. Moreover, our study subjectsinvolved dif-
ferent populations, and the following adjustments were
made to reduce the occurrence of bias. The LA postero-
anterior dimension represents the LA size, which increas-
es with increasing body size but is influenced by sex (34).
Therefore, the LA size should be indexed to body size mea-
surement. LA size indexing is often measured by BSA (35).
In our study, we observed that the LA posteroanterior di-
mension without correction by BSA increased with the lev-
el of alcohol consumed. The prevalence of LAE based on
the LA posteroanterior dimension corrected by BSA was
slightly higherin moderate drinkers thanin heavy drinkers.
We believe that this increase may be caused by the drink-
ing duration, which can also affect the structure of the
left atrium. However, we did not obtain information con-
cerning drinking duration from each participant. There-
fore, this hypothesis needs to be verified in a follow-up
study. One explanation for the inconsistency of our results
and the previous studies may be the different population
characteristics and different definitions for LAE. We grad-
ed alcohol consumption to verify its association with LAE.
However, our study gives the first evidence of the associ-
ation between atrial size and alcohol consumption based
on a general Chinese population. We also demonstrated
that not only heavy but also moderate alcohol consump-
tion can affect the atrial size. According to statistics, the
prevalence of AF in people aged 35 years or older in China
was 0.71%. According to the analysis of this study, alcohol
consumption was not associated with a significant direct
effect on AF but was associated with AF through the de-
velopment of LA enlargement. Case reports suggest that
LAE may be caused by fibrosis (36), although some studies
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have shown that alcohol consumption can promote atrial
fibrosis (37). Framingham's study showed that the risk of
AF increased by 39% for each 5 mm increase in the ante-
rior and posterior diameter of the atrium. Therefore, it is
consistent with our conclusion that LAE is the intermedi-
ate effect of alcohol consumption on AF. The results show
no direct effect of alcohol consumption on AF, which may
be related to the low prevalence of AF in our study popu-
lation.

The proposed mechanisms for the result may be the inhibi-
tion of protein synthesis, inhibition of oxidative phosphor-
ylation, fatty acid ester accumulation, inhibition of calci-
um-myofilament interaction, disruption of cell membrane
structure, and activation of the renin-angiotensin system
by alcohol (38-41). However, the exact mechanism under-
lying the effect of alcohol on LAE requires an in-depth
study.

Study limitations

Our study had some limitations. First, the data were not rep-
resentative of the adult population throughout China, al-
though this study provides the firstinformation on the effect
of alcohol consumption on LA size in a general population.
Second, the duration of alcohol consumption was notinclud-
edinthe analyses, which might have affected the results. We
did not analyze the type of alcohol consumption separately.
We also did not get the parameter of LA volume to double
confirm the conclusion of thisreport. Finally, our results were
obtained using across-sectional design; therefore, no cause-
and-effectrelationship could be established.

CONCLUSION

In summary, our study results prove that alcohol consump-
tion is associated with LA size in a general population using
the indexed LA diameter from echocardiogram. LA size has
been confirmed to have asignificant effect on the prognosis
of adverse CVD and AF. Follow-up in-depth studies are re-
quired to confirm the result and explore the related mecha-
nisms.
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