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Abstract

Aims—Data regarding the effects of regular alcohol consumption on cardiac anatomy and 

function are scarce. Therefore, we sought to determine the relationship between regular alcohol 

intake and cardiac structure and function as evaluated with cardiac magnetic resonance (CMR) 

imaging.

Methods and results—Participants of the UK Biobank with full manual contouring of CMR 

data were enrolled in our analysis. Data regarding regular alcohol consumption were obtained 

from questionnaires filled in by the study participants. Exclusion criteria were poor image quality, 

missing or incongruent data regarding alcohol drinking habits, prior drinking, presence of heart 

failure or angina, prior myocardial infarction or stroke. 4,335 participants (61.5±7.5 years, 47.6% 

male) were analyzed. We used multivariate linear regression models adjusted for age, ethnicity, 
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body mass index, smoking, hypertension, diabetes mellitus, physical activity, cholesterol level 

and Townsend deprivation index to examine the relationship between regular alcohol intake 

and cardiac structure and function. In men, alcohol intake was independently associated with 

marginally increased left ventricular end-diastolic volume (ß=0.14; [95%CI=0.05-0.24]; p=0.004), 

left ventricular stroke volume (ß=0.08; [95%CI=0.03-0.14]; p=0.005), and right ventricular stroke 

volume (ß=0.08; [95%CI=0.02-0.13]; p=0.006). In women, alcohol consumption was associated 

with increased LA volume (ß=0.14; [95%CI=0.04-0.23]; p=0.006).

Conclusion—In a sample of participants of the UK Biobank study, alcohol consumption is 

independently associated with a marginal increase in left and right ventricular volumes in men, but 

not in women, while alcohol intake showed an association with increased LA volume in women. 

Our results suggest that there is only minimal relationship between regular alcohol consumption 

and cardiac morphology and function in an asymptomatic middle-aged population.
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Introduction

Alcoholic cardiomyopathy is a well-known phenomenon in heavy drinkers, however 

controversial results have been reported regarding potential effects of lower levels of alcohol 

intake on cardiovascular diseases.(1–4) Moreover, sex-specific differences on the effects 

of regular alcohol intake remains relatively unclear. Previous publications have described 

a protective role of light-to-moderate alcohol intake when compared with abstainers or 

heavy drinkers, whereas other population-based studies revealed the opposite, with neutral 

or worse cardiovascular outcomes.(5–8) However, the outcome variables of previous 

investigations were based on self-reported history of physician-diagnosed heart failure, or 

hospital discharge diagnoses based on symptoms, radiographic or physical examinations.

(5, 7, 9, 10) Furthermore, in studies utilizing imaging, the cardiac function and structure 

was evaluated with echocardiography.(6, 11, 12) Cardiac magnetic resonance (CMR) is 

considered as reference standard for the assessment of cardiac function and structure, since 

it provides more accurate and reproducible measurements as compared to echocardiography, 

especially for right ventricular (RV) assessment and in patients with suboptimal image 

quality.(13, 14) However, no studies have evaluated the relationship between regular alcohol 

consumption and cardiac anatomy and function as depicted by CMR in a large population-

based study.

Therefore, we sought to assess the association between regular alcohol consumption and 

cardiac chamber sizes and mechanical function derived from CMR imaging in the UK 

Biobank Population Study.(15, 16)
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Methods

Study sample

The UK Biobank is a prospective cohort study which collected questionnaire data, physical 

measurements and biological samples from half a million 40-69 year-old individuals in 

the United Kingdom.(15) In total, 100,000 participants are being recalled to undergo 

comprehensive imaging of the brain, heart, whole body, carotid artery, bone and joints. 

Imaging of the heart is performed by CMR.(17) CMR examinations of 5,065 consecutive 

participants have already been manually contoured and analyzed. These patients formed the 

recruitment cohort for our analysis. Exclusion criteria of the current study were poor image 

quality, refusal to report alcohol drinking habits, missing or incongruent data regarding 

alcohol consumption (e.g.: as patients indicating current drinking but stated zero alcohol 

consumption or patients indicating ‘never drinker’ status but with more than zero unit of 

alcohol per week), former drinking (defined as any prior regular alcohol intake), heart 

failure, angina, prior myocardial infarction or stroke.

This study was covered by the ethical approval for UK Biobank studies from the National 

Health Service (NHS) National Research Ethics Service on 17th June 2011 (Ref 11/NW/

0382) and extended 10th May 2016 (Ref 16/NW/0274).

Measurement of baseline covariates, potential cofounders and alcohol consumption

Standardized and validated questionnaires included the assessment of smoking, current 

medications, presence of any disease diagnosed by physician. Data regarding alcohol 

consumption were obtained from the questionnaire filled in by the study participants. 

Participants reported alcohol drinker status as ’never’, ’previous’, or ’current’ drinkers. 

Current drinkers were questioned regarding the amount of consumed alcoholic beverages 

per week. In calculating the average alcohol intake per week, we used standard units of 

alcohol. It was assumed that a standard glass (175 ml) of red or white wine is equal to 2.1 

units, a pint of beer or cider is equal to 2 units, a single small shot of spirits or any other type 

of alcohol is equal to 1 unit, based on NHS guide.(18) One standard unit of alcohol contains 

8 grams of pure alcohol.(18) Detailed questions of the UK Biobank questionnaires can be 

found in UK Biobank Data Showcase (https://www.ukbiobank.ac.uk/data-showcase/).

CMR protocol and image analysis

The UK Biobank CMR protocol has been described in detail previously.(14, 19) Briefly, all 

examinations were performed on a 1.5 Tesla scanner (MAGNETOM Aera, Syngo Platform 

VD13A, Siemens Healthcare, Erlangen, Germany). For cardiac function, long-axis cines and 

a complete short-axis stack of balanced steady-state free precession (bSSFP) cines were 

acquired covering the left and right ventricle.

Analysis of the left ventricle (LV), RV, left atrium (LA), and right atrium (RA) for all 

CMR examinations were performed manually by eight observers under the supervision of 

three principal investigators across two core laboratories in London and Oxford according 

to pre-approved standard operating procedures using dedicated post-processing software 

(cvi42, Version 5.1.1, Circle Cardiovascular Imaging Inc., Calgary, Canada). LV papillary 
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muscles were included in the LV end-diastolic volume (LVEDV) and end-systolic volume 

(LVESV). For the measurement of RV parameters, manual tracing of the end-diastolic 

and end-systolic endocardial borders were carried out in the short-axis view. Thin-walled 

structures with no trabeculation were excluded and volumes below the pulmonary valves 

were included as part of the RV. LA and RA end-diastolic volumes (EDV) and end-systolic 

volumes (ESV), stroke volumes (SV) and ejection fractions (EF) were calculated based on 

the manually traced endocardial atrial contours in 4-chamber view. Detailed descriptions of 

analysis methodology, including exemplar contours and intra- and inter-observer variability, 

have been previously described.(14)

Data analysis and statistics

Summary statistics for independent variables were calculated as means and standard 

deviation (SD) for continuous variables. Categorical variables were expressed as frequencies 

and percentages.

To assess the relationship between the amount of alcohol intake and LV, RV, LA and RA 

anatomy and function in men and women, the various CMR parameters were analyzed 

using unadjusted and multivariate linear regression analysis. Adjustment was made for 

age, ethnicity, body mass index, smoking, hypertension, diabetes mellitus, physical activity, 

cholesterol level, ethnicity and Townsend deprivation index. Definitions for these covariates 

were previously described.(20, 21)

Missing data were imputed by multiple imputation by chained equations approach to create 

50 complete datasets. We use predictive mean matching for continuous variables, logistic 

regression for binary variables, and polytomous regression for categorical variables. All 

variables were included in the imputation models.

In order to assess the association between regular alcohol consumption and CMR parameters 

in the healthy population, we ran a sub-analysis of participants without any condition known 

to affect cardiac chamber size and function, such as any kind of cardiovascular, respiratory, 

haematological, renal, rheumatological disease. Moreover, we also excluded those with 

non-Caucasian ethnicity, hypertension, hyperlipidaemia, diabetes mellitus, malignancy, 

dyspnoea, those with BMI over 30 kg/m2 and recent or former smokers, as previously 

described.(14)

In order to correct for multiple testing Galwey method was applied to adjust the p-value. 

A p-value below 0.007 was considered statistically significant. Statistical analysis was 

performed using R (version 3.6.1) Statistical Software.(22)

Results

CMR examinations of 5,065 consecutive participants have been manually contoured and 

analyzed. Figure 1 shows the flowchart with exclusion criteria and the final study sample. 

After exclusion, 4,335 individuals were included in our study. At the time of the CMR 

examinations, their mean age was 61.5±7.5 years and 47.6% of the participants were male. 
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Estimated average alcohol intake was 12.8±13.1 standard units per week. Table 1 illustrates 

the characteristics of the study population.

The relationship between cardiac structure and function and alcohol consumption

Average CMR values of the left ventricular parameters and results of the linear regression 

analysis are shown in Table 2. In the unadjusted model, each additional alcohol unit intake 

per week significantly increased LVEDV by 0.18 ml (95%CI=0.08-0.27 ml; p<0.001), left 

ventricular stroke volume (LVSV) by 0.10 ml (95%CI=0.04-0.15 ml; p<0.001) and LV mass 

by 0.13 g (95%CI=0.07-0.19 g; p<0.001) in men, but not in women. After adjustment for 

age, ethnicity, body mass index, smoking, hypertension, diabetes mellitus, physical activity, 

Townsend deprivation index and cholesterol level, only the association between alcohol 

consumption and LVEDV (ß=0.14; [95%CI=0.05-0.24]; p=0.004) and LVSV (ß=0.08; 

[95%CI=0.03-0.14]; p=0.005) remained significant among male participants.

Uni- and multivariable models describing the relationship between alcohol consumption and 

RV parameters are presented in Table 3. In men, significantly higher RVEDV (ß=0.15; 

[95%CI=0.05-0.24]; p=0.004) and right ventricular stroke volume (RVSV) (ß=0.09; 

[95%CI=0.04-0.15]; p<0.001) were measured in association with increasing alcohol 

consumption in the univariate model. After adjustment, alcohol intake was independently 

associated with higher RVSV in men (ß=0.08; [95%CI=0.02-0.13]; p=0.006). In women, 

only LA volume was associated with regular alcohol consumption in the multivariate model 

(ß=0.14; [95%CI=0.04-0.23]; p=0.006). Atrial parameters can be seen in Table 4. All other 

associations were not significant neither in men nor women. The sex-specific multivariate 

linear associations between regular alcohol intake and LVEDV, LVSV, RVSV and maximal 

LA volume are presented in Figure 2.

Sensitivity analysis

In order to assess the association between regular alcohol consumption and CMR parameters 

in patients without any known medical condition that might affect cardiac structure and 

function, we divided the study population into ‘healthy’ and ‘non-healthy’ categories based 

on the presence of any kind of medical condition that might affect cardiac anatomy 

and function. Demographic data are shown in Supplementary Table 1. After adjustment 

for age, ethnicity, cholesterol level, BMI, seven-day average acceleration and Townsend 

deprivation index, alcohol intake was independently associated with higher LVEDV 

(ß=0.11; [95%CI=0.04-0.19]; p=0.002), LVSV (ß=0.06; [95%CI=0.02-0.11]; p=0.004), 

RVSV (ß=0.07; [95%CI=0.02-.011]; p=0.002) and LA volume (ß=0.10; [95%CI=0.03-0.16]; 

p=0.004) only in the ‘non-healthy’ participants. Results of the uni- and multivariate models 

can be seen in Supplementary Table 2.

Discussion

This is the first study to systematically assess the sex-specific relationship between alcohol 

consumption and cardiac structure and function as evaluated by CMR. Our results suggest 

that increasing amount of regularly consumed alcohol is independently associated with 

marginally elevated measures of LVEDV, LVSV, RVSV in men and higher LA volume in 
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women after adjustment for the main cardiovascular risk factors as assessed in a general 

population with no history of cardiovascular disease.

Heavy alcohol consumption is a known and important risk factor for cardiac chamber 

enlargement and increased LV mass.(1, 23) Approximately one third of the patients 

diagnosed with dilated cardiomyopathy report excessive alcohol consumption.(24, 25) 

Moreover, a close relationship between alcohol consumption and hypertension has been 

established, which may also lead to changes in cardiac structure and function.(26) However, 

when examining the sex-based differences, this association between any level of alcohol 

intake and hypertension is only present in men, but not in women.(27)

Previously published studies show controversial results regarding the effect of alcohol 

consumption on systolic and diastolic LV function.(28–34) Some authors have found 

preserved, while others report impaired LV filling and systolic function. (28–34) These 

conflicting results may be due to the different methods used to assess cardiac function. 

Since CMR is the most accurate non-invasive imaging test to assess cardiac structure and 

function, our study permits more detailed and robust analysis of the cardiac effects of 

alcohol consumption.(35) Nonetheless, alcohol-related cardiac effects are likely to differ 

between men and women. Some publications support that women have a higher risk of 

alcohol-related cardiomyopathy and CV mortality for the same amount of alcohol.(36, 37)

A recent echocardiography study demonstrated that alcohol intake is an independent 

predictor of larger LV diastolic and systolic diameters and larger left atrial diameter in 

both sexes and alcohol consumption was associated with greater LV mass in men and lower 

LVEF in women.(6) In line with these findings, we measured significantly higher LVEDV, 

LVSV, LV mass and LA volume in the overall population after adjustment for the main 

cardiovascular risk factors. However, we did not find any association between LVESV, 

LVEF and amount of alcohol intake. When assessing the sex-related differences, alcohol 

intake was associated with higher LVEDV and LVSV in men, and with LA enlargement in 

women. However, all effect sizes were marginal. A previous age- and gender-matched CMR 

study of 165 participants, who underwent ventricular T1 mapping has shown no significant 

difference in left end right ventricular dimensions, LVEF or LVM between light-to-moderate 

drinkers and non-drinking controls. However, moderate alcohol intake was associated with 

reduction in native T1 times suggestive of a reduction in diffuse ventricular fibrosis.(38)

There are limited data available regarding the effect of alcohol on RV. In animal models 

moderate-to-high doses of alcohol (from 1 g/kg to 1.5 g/kg) were associated with RV 

dysfunction in a dose-dependent way.(39) Conversely, Cameli et al. reported that low 

doses of alcohol may lead to RV end-diastolic dilatation and reduced function measured 

by echocardiography in healthy young individuals.(40) Consistent with these findings, we 

measured significantly higher RVEDV and RVSV in the overall population. The association 

between modest alcohol exposure and atrial structure remains largely undetermined. 

Echocardiographic studies provide evidence that alcohol may lead to left atrial enlargement,

(6, 41) but little is known regarding the effects of alcohol on the RA. In line with the 

literature, we observed increased LA volume in the overall population and in women, but not 

in men.
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The sex-specific differences in cardiac structure cannot be explained by BMI, smoking, 

hypertension, diabetes mellitus, cholesterol level, physical activity or ethnicity. However, 

weekly alcohol intake was significantly higher in men than in women. Contrary to previous 

studies where women seemed to be more sensitive, in our study alcohol intake was 

independently associated with increased ventricular end-diastolic and stroke volumes only 

in men, but not in women. However, LA enlargement was specific only for women. These 

differences between the two sexes might be explained by the fact that there is a difference 

in alcohol absorption and metabolism between the two sexes.(42) Moreover, since alcohol 

plays a role in the metabolism of the sex hormones, these sex-specific differences might be 

explained by the higher circulating levels of androgens.(43)

The association between alcohol consumption and cardiac structure and function on an 

epidemiological scale highlights the importance of public health level preventive actions and 

education. On an individual level, the timely diagnosis of alcohol related changes in cardiac 

structure and function may facilitate improved preventative actions and contribute to better 

care of our patients. The sensitivity analysis has shown a significant association between 

alcohol consumption and cardiac structure and function, while in healthy subjects we could 

not demonstrate any association between alcohol intake and cardiac parameters.

The strengths of our study are firstly, the large cohort of asymptomatic population with no 

prevalent cardiovascular disease with prospectively collected data, physical measurements 

and biological samples; secondly, the use of CMR to assess cardiac structure and 

function. Our study’s limitations are important to be acknowledged. First, the alcohol 

intake was assessed by questionnaires, therefore recall bias may lead to inaccuracy. 

Inaccurate information on alcohol consumption is a common problem in such studies, 

because many alcohol-drinkers tend to underestimate their weekly alcohol consumption. 

Furthermore, current alcohol consumption habits might not reflect accurately the total 

lifetime alcohol consumption, especially in older people. To mitigate these effects, UK 

Biobank used validated and standardized questionnaires to collect information on alcohol 

consumption. Second, our investigation has a cross-sectional study design, therefore we 

cannot infer causality. However, the observed dose-response relationship between the 

amount of alcohol consumption and ventricular function indicate unfavorable cardiac effects 

on an epidemiological level despite the observed small effect sizes. Third, the clinical 

outcome data to support the hypothesis that alcohol consumption leads to increased risk for 

cardiovascular events is still pending due to the design of the study. However, the main goal 

of our study was to decipher the relationship between regular alcohol intake and cardiac 

function and morphology as assessed by the clinical gold standard CMR imaging.

In this large population imaging study we found a significant association between alcohol 

consumption and left and right ventricular and left atrial enlargement. In men, alcohol intake 

was independently associated with higher LVEDV, LVSV and RVSV, while in women, 

alcohol consumption was related to LA enlargement in the multivariate model. Moreover, 

we did not find any association between regular alcohol consumption and cardiac structure 

and function in healthy participants. Even though these associations between regular alcohol 

intake and cardiac structure were relatively weak, our results highlight the importance of 

public health measures, education and prevention.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flowchart with exclusion criteria and definition of the study population
CMR=Cardiac magnetic resonance.
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Figure 2. Association between regular alcohol consumption and cardiac parameters by sex
The lines and shaded areas represent the marginal means and 95% confidence intervals of 

the cardiac parameters. Marginal means were estimated from the linear regression models 

adjusted for age, ethnicity, body mass index, smoking, hypertension, diabetes mellitus, 

physical activity, Townsend deprivation index and cholesterol level using the first imputed 

dataset.

LA=Left atrium; LVEDV=Left ventricular end-diastolic volume; LVSV=Left ventricular 

stroke volume; RVSV=Right ventricular stroke volume.
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Table 1
Demographic data

Total participants Men Women p

n=4335 n=2065 n=2270 …

Weekly consumed standard units of alcohol 12.8±13.1 16.7±15.3 9.3±9.4 <0.001

Age (years) 61.5±7.5 62.2±7.6 60.9±7.5 <0.001

Ethnic minority 2.9% 3.4% 2.4% 0.046

Hypertension 26.0% 31.4% 21.1% <0.001

Diabetes mellitus 4.1% 5.3% 3.1% <0.001

Cholesterol 5.8±1.1 5.6±1.1 5.9±1.0 <0.001

Smoker (current, past) 38.8% 42.1% 35.8% <0.001

Body mass index (kg/m2) 26.6±4.2 27.1±3.8 26.1±4.5 <0.001

Seven-day average acceleration, milli-gravity 3.2±0.5 3.2±0.5 3.2±0.5 0.290

Townsend deprivation index -2.0±2.7 -2.0±2.7 -2.1±2.6 0.288

Continuous variables are reported as mean ± standard deviation, whereas categorical variables as frequencies and percentages.
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Table 2
Association between LV CMR parameters and alcohol consumption

Average value Unadjusted Adjusted

Mean±SD β (95% CI) p β (95% CI) p

LVEDV (ml)

Total participants 144.3±34.3 0.55 (0.48-0.63) <0.001 0.13 (0.06-0.19) <0.001

Men 164.2±33.4 0.18 (0.08-0.27) <0.001 0.14 (0.05-0.24) 0.004

Women 126.2±23.2 0.10 (0.00-0.21) 0.046 0.09 (-0.01-0.20) 0.065

LVESV (ml)

Total participants 59.2±20.1 0.27 (0.22-0.31) <0.001 0.05 (0.01-0.09) 0.020

Men 69.2±21.1 0.08 (0.02-0.14) 0.008 0.06 (0.00-0.12) 0.053

Women 50.0±13.9 0.03 (-0.03-0.09) 0.328 0.02 (-0.04-0.08) 0.483

LVSV (ml)

Total participants 85.1±19.5 0.29 (0.24-0.33) <0.001 0.07 (0.03-0.12) <0.001

Men 94.9±19.4 0.10 (0.04-0.15) <0.001 0.08 (0.03-0.14) 0.005

Women 76.2±14.5 0.07 (0.01-0.14) 0.027 0.07 (0.01-0.14) 0.027

LVEF (%)

Total participants 59.4±6.4 -0.03 (-0.04 to - 0.01) <0.001 0.00 (-0.02-0.02) 0.946

Men 58.1±6.5 -0.01 (-0.02-0.01) 0.528 0.00 (-0.02-0.02) 0.810

Women 60.6±6.0 0.01 (-0.02-0.03) 0.556 0.01 (-0.02-0.04) 0.405

LV mass (g)

Total participants 89.6±24.7 0.45 (0.40-0.51) <0.001 0.07 (0.03-0.11) 0.002

Men 106.7±21.9 0.13 (0.07-0.19) <0.001 0.05 (-0.01-0.11) 0.076

Women 74.0±14.9 0.05 (-0.02-0.12) 0.136 0.06 (0.00-0.12) 0.062

Adjustment was made for age, ethnicity, body mass index, smoking, hypertension, diabetes mellitus, physical activity, Townsend deprivation index 
and cholesterol level.
CI=Confidence interval; LVEDV=Left ventricular end-diastolic volume; LVEF=Left ventricular ejection fraction; LVESV=Left ventricular end-
systolic volume; LVSV=Left ventricular stroke volume.
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Table 3
Association between RV CMR parameters and alcohol consumption

Average value Mean±SD
Unadjusted Adjusted

β (95% CI) p β (95% CI) p

RVEDV (ml)

Total participants 153.0±37.5 0.61 (0.53-0.69) <0.001 0.10 (0.03-0.17) 0.004

Men 177.1±34.3 0.15 (0.05-0.24) 0.004 0.12 (0.02-0.22) 0.014

Women 131.2±24.8 0.08 (-0.04-0.19) 0.184 0.08 (-0.02-0.19) 0.131

RVESV (ml)

Total participants 67.7±22.5 0.31 (0.26-0.36) <0.001 0.03 (-0.02-0.07) 0.205

Men 81.3±21.6 0.05 (-0.01-0.11) 0.101 0.05 (-0.02-0.11) 0.151

Women 75.9±14.8 -0.01 (-0.07-0.06) 0.856 0.00 (-0.07-0.06) 0.897

RVSV (ml)

Total participants 85.4±19.5 0.30 (0.25-0.34) <0.001 0.07 (0.03-0.11) <0.001

Men 95.8±19.0 0.09 (0.04-0.15) <0.001 0.08 (0.02-0.13) 0.006

Women 75.9±14.5 0.08 (0.02-0.15) 0.014 0.09 (0.02-0.15) 0.008

RVEF (%)

Total participants 56.4±6.5 -0.03 (-0.04 to - 0.01) <0.001 0.01 (0.00-0.03) 0.104

Men 54.4±6.3 0.01 (-0.01-0.03) 0.306 0.01 (-0.01-0.03) 0.437

Women 58.2±6.1 0.02 (0.00-0.05) 0.075 0.03 (0.00-0.05) 0.067

Adjustment was made for age, ethnicity, body mass index, smoking, hypertension, diabetes mellitus, physical activity, Townsend deprivation index 
and cholesterol level.
CI=Confidence interval; RVEDV=Right ventricular end-diastolic volume; RVEF=Right ventricular ejection fraction; RVESV=Right ventricular 
end-systolic volume; RVSV=Right ventricular stroke volume.
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Table 4
Association between atrial CMR parameters and alcohol consumption

Average value Mean±SD
Unadjusted Adjusted

β (95% CI) p β (95% CI) p

LA maximal volume (ml)

Total participants 74.2±24.8 0.19 (0.13-0.25) <0.001 0.10 (0.04-0.16) <0.001

Men 78.8±27.1 0.09 (0.01-0.17) 0.022 0.09 (0.01-0.17) 0.036

Women 70.1±21.7 0.13 (0.03-0.22) 0.009 0.14 (0.04-0.23) 0.006

LA EF (%)

Total participants 60.1±9.4 -0.03 (-0.06 to - 0.01) 0.003 -0.01 (-0.03-0.01) 0.014

Men 58.8±9.8 -0.01 (-0.03-0.02) 0.699 0.00 (-0.03-0.03) 0.026

Women 61.3±8.9 -0.01 (-0.05-0.03) 0.483 -0.02 (-0.05-0.02) 0.024

RA maximal volume (ml)

Total participants 79.6±26.5 0.30 (0.24-0.36) <0.001 0.06 (0.00-0.11) 0.068

Men 91.6±28.5 0.06 (-0.02-0.15) 0.127 0.07 (-0.01-0.16) 0.088

Women 68.7±18.6 0.03 (-0.05-0.12) 0.448 0.03 (-0.06-0.12) 0.488

RA EF (%)

Total participants 42.4±10.6 -0.08 (-0.11 to - 0.06) <0.001 -0.02 (-0.05-0.01) 0.120

Men 39.4±10.8 -0.03 (-0.06-0.00) 0.067 -0.02 (-0.06-0.01) 0.180

Women 45.1±9.7 -0.01 (-0.05-0.03) 0.638 -0.01 (-0.05-0.03) 0.657

Adjustment was made for age, ethnicity, body mass index, smoking, hypertension, diabetes mellitus, physical activity, Townsend deprivation index 
and cholesterol level.
CI=Confidence interval; EF=Ejection fraction; LA=Left atrium; RA=Right atrium; SV=Stroke volume.
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