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Abstract
Objectives  To investigate the association between 
alcohol consumption and left ventricular (LV) function in a 
population with low average alcohol intake.
Design, setting and participants  A total of 1296 
healthy participants, free from cardiovascular diseases, 
were randomly selected from the third wave of the 
Norwegian HUNT study (2006–2008) and underwent 
echocardiography. After validation of the inclusion criteria, 
30 participants were excluded due to arrhythmias or 
myocardial or valvular pathology. Alcohol consumption, 
sociodemographic and major cardiovascular risk factors 
were assessed by questionnaires and clinical examination 
in the HUNT3. General linear models were used to analyse 
the cross-sectional associations between alcohol intake 
and LV indices.
Primary and secondary outcome measures  LV 
functional and structural indices were measured with 
tissue Doppler and speckle tracking echocardiography.
Results  We observed no associations between alcohol 
consumption and multivariable-adjusted LV functional 
indices. Excluding abstainers who reported regular alcohol 
consumption 10 years prior to the baseline did not change 
the results. Alcohol consumption was positively associated 
with LV mass indices (p<0.01 for linear trend of the 
means); there was no such association among participants 
with non-risky drinking characteristics (p=0.67 for linear 
trend of the means).
Conclusions  We found no clear evidence that light–
moderate alcohol consumption is associated with 
measures of LV function, although our results indicate that 
consumption, especially when marked by binge drinking, 
is progressively associated with greater LV mass.

Introduction 
While excessive alcohol consumption is 
clearly responsible for alcohol-related cardio-
myopathy,1 2 several studies suggest that 
frequent but moderate alcohol consumption 
is associated with lower risk of heart failure.3 
Some studies have examined the associations 
of light–moderate alcohol consumption with 
subclinical structural and functional proper-
ties of the left ventricle among asymptomatic 

participants, but the results of these studies 
have been inconsistent. Although most 
describe increasing LV mass with increasing 
level of alcohol consumption,4–7 the asso-
ciations with LV function are less consis-
tent. Some found better LV function with 
increasing alcohol intake,4 while others 
reported the opposite.5 6 Most studies 
assessed ejection fraction (EF), a potentially 
less sensitive index of LV functional impair-
ment.8 9 Speckle tracking and tissue Doppler 
echocardiography may provide more direct 
measures of LV contractile function.8 10–13 
Furthermore, the majority of these studies 
have been subject to several potential limita-
tions. A major methodological problem that 
limits causal inference in studies regarding 
the health effects of alcohol is the so called 
‘sick-quitter’ bias.14 15 Thus the U-shaped or 
J-shaped association often found for alcohol 
consumption and many health outcomes14–16 

Strengths and limitations of this study

►► The HUNT was conducted in a socioeconomically 
and genetically homogenous population, where due 
to the strict alcohol policy the majority of the popu-
lation was non-drinkers or light drinkers which de-
creased confounding by social factors in this study. 
This, together with the statistical adjustment for a 
wide range of cardiovascular risk factors, reduces 
the possibility of residual confounding in our study.

►► Alcohol consumption was also assessed 10 years 
prior to baseline as part of the HUNT2 study, offering 
a prospective assessment of former drinking.

►► In this study, greyscale speckle tracking and tissue 
Doppler echocardiography was used, which pro-
vides more sensitive left ventricular functional indi-
ces than ejection fraction measures.

►► The main limitation of our study relates to its 
cross-sectional design.

►► As in many previous studies in this field, alcohol 
consumption was self-reported.
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might be an artefact caused by the higher risk of adverse 
health outcomes among abstainers who quit drinking due 
to their ill health.17 

In addition, most previous studies only assessed the 
quantity of alcohol intake4–6 and not the drinking pattern 
(ie, heavy episodic vs regular, low amount of alcohol 
consumption) at identical quantities of intake, which 
might potentially modify the association between alcohol 
consumption and LV function.6

In this study, we examined the associations of alcohol 
intake with LV functional and structural measures in 
a healthy middle-aged population. We also assessed 
drinking pattern and quantity of alcohol consumption 
10 years prior to baseline. To detect early, subclinical 
signs of myocardial dysfunction, LV functional indices 
were measured using highly sensitive tissue Doppler and 
speckle tracking echocardiography.13 18

Methods
Study population
Between 2006 and 2008, the entire adult population of 
the Nord-Trøndelag County in Norway, representing  
93 210 citizens, was invited to participate in the third 
wave of Nord-Trøndelag Health Study (HUNT3) 
(http://www.​ntnu.​edu/​hunt). Altogether, 50 810 
individuals (54% of those invited) participated in the 
study.19 Data on sociodemographic factors, anthropo-
metrics, overall health status, chronic health conditions 
and health behaviour were collected by self-reported 
questionnaires, interviews and clinical examinations.19

A subsample of healthy individuals without known 
cardiovascular diseases (CVDs), diabetes or hypertension 
(n=1 296) was randomly selected from the HUNT3 cohort 
to participate in the Echocardiography Study.13 18 After 
validation of the inclusion criteria by an experienced 
physician echocardiographer, 30 participants were 
excluded from the study due to arrhythmias or myocar-
dial or valvular pathology.13 18 In addition, for the anal-
yses of the present study, we excluded 87 participants with 
missing data on alcohol consumption (figure 1).

The Echocardiography study was approved and it was 
conducted according to the second Helsinki Declaration.

Measures
Alcohol consumption
Alcohol consumption was assessed by self-administered 
questionnaires. Participants reported the amount and 
type of alcoholic beverages they consume in a usual 
2-week period. The frequency of alcohol consumption was 
assessed for the previous 12 months. Those who answered 
that they did not drink any alcohol in the previous 12 
months were considered abstainers. Those who reported 
any alcohol consumption during the previous year but 
reported no consumption during a usual 2-week period 
were categorised as rare drinkers. Those who reported 
at least one standard drink during a usual 2-week period 
were categorised as having an intake of one of the 
following: ‘at least 0.5 and less than or equal to three 
drinks/week’, ‘more than three and less than or equal 
to seven drinks/week’ or ‘more than seven drinks/week’. 
The frequency of drinking was categorised as: consuming 

Figure 1  Flowchart for the selection of the study population.
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alcoholic beverages ‘less than once a month’, ‘1–4 times 
a month’ or ‘more than once a week’. Binge drinking was 
defined as consuming more than five drinks in one sitting. 
Problem drinking behaviour was assessed by the CAGE 
questionnaire.20 Risky drinkers were defined as those 
who answered positively to at least two questions of the 
CAGE questionnaire21 and/or reported binge drinking 
at least once a month. Overall, 50% of the participants 
gave information about their alcohol consumption in the 
second wave of the HUNT Study (HUNT2) conducted 
approximately 10 years prior to HUNT3.19 Current 
non-drinkers were categorised as ‘long-term abstainers’ 
or ‘former drinkers, but current abstainers’ according to 
their previous alcohol intake.

Echocardiography
Echocardiograms were recorded in the left-lateral decu-
bitus position by a Vivid 7  high-end scanner (V.BT06, 
GE Ultrasound, Horten, Norway) with a phased-array 
transducer (M3S and M4S) assessed by an experienced 
physician echocardiographer. Analyses were performed 
in EchoPAC SWO software (GE Ultrasound) if not other-
wise specified. The detailed protocol, methodology and 
validity of the echocardiographic measurement have 
been published elsewhere.13 18 Shortly, the mean errors 
of the LV function indices were 4%–9% (test– retest, two 
observers analysing separate recordings).

LV function was assessed by well-established echocar-
diographic indices of the diastolic and systolic longitu-
dinal function. Global longitudinal end-systolic strain 
(percentage shortening of the left ventricle  during systole) 
and peak global strain rate (the maximal speed of the 
global longitudinal strain) were measured as the average 
of the segmental values according to a 16-segment model 
of the left  ventricle  22 using a combined tissue Doppler 
and greyscale speckle tracking method in a customised 
software package (GcMat) based on a MatLab platform 
(MathWorks, Natick, Massachusetts, USA).13 18 Both LV 
longitudinal strain and velocity can detect subclinical 
myocardial dysfunction before EF is materially affected. 
These indices are also associated with acute myocardial 
infarction, heart failure and cardiovascular and all-cause 
mortality.10 23

Systolic mitral annular excursion (MAE) was measured 
by corrected motion mode from greyscale recordings as 
the average of the total systolic excursion of the mitral 
annular plane at the inferoseptal, lateral, anterior and 
inferior positions of the LV wall. Peak systolic (S’) and 
peak early diastolic mitral annular velocity (e’) were 
calculated as the average of peak velocities measured at 
the same locations by pulsed wave tissue Doppler echo-
cardiography.13 18

Tricuspid annular plane systolic excursion (TAPSE) 
and tricuspid annular peak systolic velocity (RS’) were 
measured close to the tricuspid plane in the free wall of 
the right ventricle, by similar methodologies as described 
for the MAE and mitral annular velocities.

Mitral inflow early (E) and late (A) diastolic velocities 
were recorded by pulse wave Doppler, and the E/A ratio 
was calculated. E/e’ ratio was calculated as the ratio of the 
peak early diastolic mitral inflow per mitral annular early 
diastolic velocities.

Conventional LV structural indices (interventricular 
septum and posterior wall thickness and LV internal 
dimensions) were assessed in parasternal M-mode. LV 
mass was estimated according to the Cube formula and 
indexed for body surface area (BSA). Relative wall thick-
ness was defined as 2xLV posterior wall thickness divided 
by the LV end-diastolic diameter.

Sociodemographic and lifestyle factors
Highest achieved education was categorised as primary 
or lower secondary school (<10 years), upper secondary 
school (10–12 years) or high school/university (>12 
years). Marital status was categorised as: (1) never 
married, (2) married or cohabiting and (3) separated or 
widowed.

Participants were classified as never, former or current 
smokers. A validated physical activity index was calculated 
based on the reported frequency, duration and intensity 
of the physical activity, as previously described.24

Clinical examination
Weight, height and blood pressure were measured by 
trained nurses. Body mass index (BMI) was calculated 
by dividing weight in kilogram by height2 in metres and 
dichotomised at 25 kg/m2. BSA was calculated according 
to the DuBois formula. Information on common chronic 
disorders were self-reported by the participants (described 
in detail elsewhere).19

Statistical analyses
As the reference values for most of the echocardio-
graphic measurements differ according to sex, we 
conducted our main analyses for the whole population 
and separately for men and women.22 25 To examine the 
association between alcohol consumption and echocar-
diographic indices of cardiac structure and function, we 
performed general linear models. Least square means 
of cardiac function indices (MAE, global longitudinal 
strain, global longitudinal strain rate, peak early diastolic 
and systolic mitral annular velocities (e’, S’), E/e’, E/A, 
TAPSE and RS’) and LV structural indices (myocardial 
mass, wall thickness and dimensions) and 95% CIs were 
calculated across alcohol consumption categories. In 
light of covariates, we conducted full-case analyses. We 
adjusted our analyses for age, education, marital status, 
physical activity, smoking, BMI and sex (if not strati-
fied). In additional analyses, we further included systolic 
blood pressure, which may be a consequence of alcohol 
consumption. We tested linear as well as quadratic 
trends. As estimates did not differ between the abstainer 
and rare-drinker groups, we combined these two groups 
(as non-drinkers) for further analyses and present all 
results accordingly.
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To test for the ‘sick quitters’ bias,14 15 we repeated our 
main analyses after excluding abstainers who reported 
alcohol intake during the earlier HUNT2. To examine 
whether risky drinking modified the observed associ-
ations, we performed stratified analyses by reported 
binge and/or problem drinking and tested interaction 
between alcohol intake and binge and/or problem 
drinking using Wald tests. We also added the frequency 
of alcohol intake to model 2 while simultaneously 
adjusting for the amount of alcohol consumption to 
determine the relative contributions of quantity and 
frequency of intake. Beverage specific analyses were 
conducted in the same fashion. To investigate the effect 
of a specific type of beverage, for example, wine, we 
examined the association between alcohol intake and 
LV functional and structural indices while adjusting for 
amounts consumed of the other two beverages, that is, 
beer and spirit in this example.

To assess effect modification, we stratified our analyses 
by sex, age (dichotomised at 50 years), smoking and BMI 
(dichotomised at 25 kg/m2) and also tested for the inter-
action between alcohol consumption and the effect modi-
fiers. As previous studies usually assessed LV function as EF, 
we also performed sensitivity analyses with this outcome 
to improve the comparability of our results with those of 
previous studies. In other sensitivity analysis, we examined 
age-adjusted models using alcohol consumption from 
HUNT2 as exposure and MAE, strain, strain rate, S’ and e’ 
and LV mass from HUNT3 as the outcome.

Statistical analyses were performed using SAS Enter-
prise Guide V.6.0 (SAS Institute) and Stata IC/12.1 for 
Windows (Stata).

Results
Table 1 shows the characteristics of study participants sepa-
rately for men and women. The majority of both men and 
women were light drinkers, consuming less than three alco-
holic drinks per week; approximately 4.5% of both men 
and women reported consumption of more than seven 
alcoholic drinks per week. For both genders, drinkers were 
more likely to be smokers and to have a slightly lower BMI 
than non-drinkers. Men who reported alcohol consump-
tion tended to be younger than abstainers.

Amount of alcohol consumption
Table  2a and b shows the multivariable-adjusted means 
of LV indices, which were largely similar across alcohol 
intake categories. Quantity of alcohol intake was asso-
ciated with higher LV mass, indexed LV mass and LV 
end-diastolic dimension in both men and women. The 
results were essentially the same when systolic blood pres-
sure was added to the models. Excluding former drinkers 
(n=117) did not influence the association. There was no 
meaningful association between alcohol intake and EF 
(online supplementary eTable 1).

Drinking pattern and beverage type analyses
In general, drinking frequency did not influence the asso-
ciations between alcohol intake and LV indices (online 
supplementary eTable 2). When we stratified our analyses 
according to risky and non-risky drinking, we found a weak 
tendency toward higher values on some of the LV indices 
with higher alcohol intake among participants without risky 
drinking, and a linear increase in LV mass indices among 
risky drinkers (table 3). Risky drinking was positively associ-
ated with LV mass (P<0.01) but not with the LV functional 
indices, independently from the amount of alcohol intake. 
The associations between alcohol consumption and LV 
indices did not differ according to beverage type nor did 
we find any consistent evidence for effect modification by 
age, sex, BMI or smoking status. We found no clear asso-
ciation between alcohol consumption assessed in HUNT2 
and LV functional indices and LV mass in HUNT3, but the 
precision of our estimates was limited by the 573 individ-
uals from our sample participated in both HUNT2 and 3 
(see online supplementary eTable 3).

Discussion
We found no clear evidence for a clinically meaningful 
association between light–moderate alcohol consump-
tion and several sensitive echocardiographic indices for 
assessment of systolic and diastolic left and right ventricle 
function in this cohort of healthy individuals. However, 
LV mass and LV end-diastolic diameter showed positive 
linear associations with alcohol consumption, and the 
association with LV mass was particularly strong among 
participants with a risky drinking pattern. Neither 
frequency of drinking nor beverage types showed clear 
associations with the studied echocardiographic indices 
beyond the quantity of alcohol consumed.

Comparison with previous studies
Our study adds to a still limited literature relating alcohol 
consumption in the general population and LV function 
indices. In the present study, LV function was assessed by 
highly sensitive echocardiographic methods13 18 in a healthy 
middle-aged Caucasian population. Previous studies on 
alcohol consumption and LV function sometimes used 
less sensitive measurements on LV function such as ejec-
tion fraction,4 26 while others were restricted to elderly5 or 
Asian participants.6 Among the most sensitive indices used 
to reveal LV diastolic and systolic dysfunction are global 
longitudinal strain and the peak systolic and early diastolic 
mitral annular velocities (S’ and e’). The indices are sensi-
tive to LV subclinical dysfunction and give prognostic infor-
mation related to heart failure, cardiovascular death and 
risk of myocardial infarction.23 27 Goncalves et al5 found a 
positive association between alcohol intake and peak early 
diastolic mitral annular velocity (e’) in men.5 We could 
not confirm such an association, but e’ was slightly higher 
among women, who reported drinking three to seven alco-
holic drinks per week, compared with women who reported 
less than this amount. On the other hand, alcohol intake 
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Table 3  Least square means and 95% of CI for the left ventricular function indices according to problem and/or binge drinking ⃰ 
and quantity of alcohol consumption

LV functional and structural indices

Participants without problem and/or binge 
drinking

Participants with problem and/or binge 
drinking

Mean* 95% CI Mean* 95% CI

Mitral annular excursion (cm) n=717 n=394

 � Non-drinker 1.60 1.46 to 1.73 1.60 1.46 to 1.73

 � ≥0.5 and ≤3 drinks/week 1.61 1.57 to 1.64 1.61 1.57 to 1.64

 � >3 and ≤7 drinks/week 1.62 1.58 to 1.67 1.62 1.58 to 1.67

 � >7 drinks/week 1.61 1.53 to 1.68 1.61 1.53 to 1.68

 � P values (linear) 0.97 0.85

 � P values (quadratic) 0.87 0.78

Global longitudinal strain (%) n=735 n=404

 � Non-drinker −16.6 −17.3 to –16.0 −17.3 −18.6 to 16.0

 � ≥0.5 and ≤3 drinks/week −16.8 −17.2 to –16.6 −16.6 −17.0 to 16.3

 � >3 and ≤7 drinks/week −16.4 −17.0 to –15.9 −16.7 −17.2 to 16.4

 � >7 drinks/week −16.8 −18.2 to –15.4 −16.6 −17.3 to 15.9

 � P values (linear) 0.943 0.41

 � P values (quadratic) 0.839 0.59

Global longitudinal strain rate (/s) n=727 n=399

 � Non-drinker −0.99 −1.02 to –0.95 −1.03 −1.11 to 0.95

 � ≥0.5 and ≤3 drinks/week −1.03 −1.04 to –1.02 −1.04 −1.06 to 1.02

 � >3 and ≤7 drinks/week −1.04 −1.07 to –1.01 −1.05 −1.07 to 1.02

 � >7 drinks/week −1.02 −1.10 to –0.95 −1.02 −1.06 to 0.97

 � P values (linear) 0.348 0.83

 � P values (quadratic) 0.166 0.39

e’ (cm/s) n=580 n=403

 � Non-drinker 11.1 10.4 to 12.0 12.1 10.4 to 13.9

 � >=0.5 and <=3 drinks/week 11.1 10.8 to 11.4 11.3 11.9 to 11.7

 � >3 and <=7 drinks/week 11.5 10.8 to 12.2 11.7 11.2 to 12.2

 � >7 drinks/week 12.5 10.7 to 14.2 11.5 10.5 to 12.4

 � P values (linear) 0.15 0.60

 � P values (quadratic) 0.37 0.56

S’ (cm/s) n=580 n=403

 � Non-drinker 8.49 8.14 to 8.85 8.16 7.41 to 8.91

 � ≥0.5 and ≤3 drinks/week 8.39 8.26 to 8.52 8.43 8.25 to 8.62

 � >3 and ≤7 drinks/week 8.54 8.25 to 8.82 8.42 8.18 to 8.65

 � >7 drinks/week 9.32 9.32 to 10.09 8.38 7.96 to 8.81

 � P values (linear) 0.05 0.63

 � P values (quadratic) 0.05 0.52

LV mass per BSA (gr/m2)† n=571 n=403

 � Non-drinker 83.6 76.9 to 90.4 87.8 73.7 to 101.8

 � ≥0.5 and ≤3 drinks/week 83.7 81.3 to 86.2 88.8 85.5 to 92.1

 � >3 and ≤7 drinks/week 82.7 77.4 to 88.1 93.4 89.2 to 97.6

 � >7 drinks/week 80.4 66.1 to 94.7 100.88 93.3 to 108.4

 � P values (linear) 0.67 0.07

 � P values (quadratic) 0.78 0.46

Problem drinking was defined as having at least two positive answers on the CAGE questionnaire or reporting more than one binge drinking 
occasion during the last month.
*Adjusted for age, marital status, education, smoking, body mass index and physical activity.
†The P values for the test for interaction was <0.05.
BSA, body surface area; e’, peak early diastolic mitral annular velocity; LV, left ventricular; S’, peak systolic mitral annular velocity.
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(especially in men) showed a positive but weak association 
with peak systolic mitral annular velocity (S’). However, 
consistent with previous studies,5 6 we did not find clini-
cally meaningful differences in most indices between the 
different alcohol intake categories.

Concerning structural characteristics, both our study 
and the study by Goncalves and colleagues5 found 
marginally higher LV end-diastolic and end-systolic 
dimensions in higher alcohol consumption categories. 
We also found a positive association between the quan-
tity of alcohol consumption and LV mass, an established 
risk factor for CVD.28 Previous studies have also shown 
increased LV mass, but only in individuals with alcohol 
consumption above 14 drinks per week.4 5 7 29 However, 
our results provide important information to the relation-
ship between alcohol consumption and structural cardiac 
changes by, to our knowledge, including for the first time 
information on risky drinking.

Heavy episodic drinking can lead to myocardial 
damage1 30 31 and can be responsible for impaired LV 
function.2 It is associated with higher risk for CVD, even 
if the overall alcohol consumption stays at a moderate 
level.16 32–34 Indeed, one binge-drinking episode (ie, 
consuming more than five drinks in one setting during 
a short period of time) can cause a pronounced inflam-
matory response in the myocardium.35 In our study, we 
found a clear increase in LV mass with higher reported 
alcohol intake among individuals with risky drinking 
patterns, but no such association among those who 
denied bingeing and problem drinking. The finding of 
higher LV mass among individuals with risky drinking 
patterns might be a subtle sign of ongoing cardiac 
remodelling, without any sign of or preceding subclin-
ical dysfunction. This finding also fits well with the estab-
lished effects of binge drinking (or ‘holiday heart’) on 
atrial arrhythmias.36

Strengths and limitations
The HUNT was conducted in a socioeconomically and 
genetically homogenous population.19 Furthermore, 
due to a relatively strict Norwegian alcohol policy, which 
includes high tax, limited availability of alcoholic bever-
ages only in state-owned alcohol shops and promotion 
of alcohol-free public places, non-drinking is culturally 
more accepted than in most other Western countries,37 
where moderate drinking is the cultural norm and 
both abstainers and heavy drinkers are often socially 
less active individuals with less social support and more 
psychological distress.38 39

This, together with the statistical adjustment for a wide 
range of CVD risk factors, reduces the possibility of residual 
confounding in our study, as it is less likely that unmea-
sured factors might be strongly associated with both alcohol 
consumption and LV function and unrelated to the covari-
ates we included.

Many studies in alcohol research may be affected 
by the sick-quitter bias.14 15 17 Typically, when former 
drinking is assessed, it is done so during the baseline 

measurements and hence may be prone to recall bias. 
Only one study that examined the association between 
alcohol consumption and LV function23 used longi-
tudinal assessment on alcohol consumption, but 
their results were inconclusive.5 In our study, alcohol 
consumption was also assessed 10 years prior to base-
line as part of the HUNT2 study, offering a prospec-
tive assessment of former drinking. Notably, excluding 
former drinkers did not change our results.

The main limitation of our study relates to its cross-sec-
tional design. Second, similar to many previous studies 
in this field, alcohol consumption was self-reported. 
Study participants, particularly high consumers, may 
tend to under-report their alcohol intake,40 41 although 
it is unlikely that the rank ordering would be markedly 
influenced. However, alcohol consumption was weakly 
correlated with high-density lipoprotein cholesterol 
level in the HUNT3 population. As less than 1% of the 
participants reported consuming more than seven alco-
holic drinks per week, we were not able to examine the 
possible harmful effect of excessive alcohol intake on 
LV function over this amount of alcohol consumption. 
Nonetheless, the relatively low level of alcohol intake 
reported here does also limit our ability to separately 
assess other dimensions of drinking, such as beverage 
type and drinking frequency versus quantity, and it 
allowed us to examine the specific role of binge drinking 
in an otherwise light-drinking population.

Conclusion
In summary, moderate alcohol consumption was not associ-
ated with LV function indices among middle-aged healthy 
individuals. However, alcohol consumption was positively 
associated with LV mass among otherwise light consumers, 
especially among those who report risky drinking 
behaviours, which highlights the importance of drinking 
pattern in understanding the cardiovascular effects of 
alcohol consumption.
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