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The aim of this study is to document the imbalance of the autonomic nervous system (ANS),
expressed by heart rate variability (HRV) and heart rate turbulence (HRT), in patients with
alcoholic cardiomyopathy (ACM) in comparison to those with idiopathic cardiomyopathy (ICM)
and to evidence the existing differences regarding the long term evolution of these two subgroups.
We studied HRV, in time and frequency domain, and HRT in 58 patients newly diagnosed with
dilated cardiomyopathy (DCM), admitted between Mar 2015 and Dec 2017 for arrhythmias
and/or acute congestive heart failure (CHF) in the Cardiology Clinic of our hospital. Depending
on the aetiology of DCM, patients with no other obvious aetiology were assigned to two groups: A
- ACM, with history of heavy alcohol consumption and B - with ICM. We performed 24 hours
Holter monitoring in patients and controls. Regarding HRV parameters in time domain, they were
significantly depressed in patients with ACM, comparing to those with ICM. Referring to HRT, all
patients had abnormal, positive values of turbulence onset (TO) and we documented statistically
significant differences (p<0.001) between the two groups. All patients had normal positive values
of turbulence slope (TS). We documented, both in patients with ACM and ICM, depressed values of
HRV parameters in time domain, as well as pathological values of TO. During follow-up, we
noticed a significant difference between patients with ACM and ICM regarding the duration of
hospitalization.
Keywords: alcoholic cardiomyopathy, idiopathic cardiomyopathy, heart rhythm variability, heart
rhythm turbulence

Observations from numerous epidemiologic studies have revealed in the past decades, complex associations
between alcohol use and cardiovascular diseases [1-3]. Chronic, excessive alcohol consumption represents the major
cause for the alcoholic cardiomyopathy (ACM), associated with congestive heart failure (CHF), arrhythmias and
sudden cardiac death (SCD) [4]. The risk of developing dilated cardiomyopathy (DCM) is partially genetically
determined, but it is estimated that over two-thirds of the adult population use alcohol to some extent, and more than
10% are heavy drinkers [5]. In particular, this risk is strongly modulated by the dose and pattern of alcohol
consumption [2,6]. Comparing to other DCM (ischemic, idiopathic, endocrine), ACM seems to have a better
prognosis in case of alcohol cessation [7-9].
Several experimental and clinical observations have shown that alterations of the autonomic nervous system
(ANS), such as sympathetic activation and reduced vagal modulation, may have important proarrhythmic effects and
may facilitate the onset of ventricular tachycardia/fibrillation [10]. These alterations of the ANS can be documented
by alterations of heart rate variability (HRV) and heart rate turbulence (HRT), aspects debated in several studies
[11,12]. HRV describes the spontaneous fluctuations in heart rate (HR) and normal RR intervals while HRT studies
the sinus rhythm cycle length variation after isolated premature ventricular contractions (PVC). These methods are
used in studies to estimate the sympathovagal imbalance in patients with congestive heart failure [1,7,13] or after
myocardial infarction [14], in order to predict increased cardiovascular risk and mortality [12-14].
The aim of our study is to analyse the alterations of HRV and HRT in patients with ACM and idiopathic
cardiomyopathy (ICM) and to observe if there are significant differences regarding the evolution of these patients
given that the drug therapy was as recommended by the guidelines.
Experimental part
Alcohol exerts complex effects on the heart, some of which are due to acute binge exposure and others that are
chronic, long-standing, and additive [2]. The consumption of alcohol may result in myocardial damage by three basic
mechanisms: a presumed direct toxic effect of alcohol and its metabolites (especially acetaldehyde), nutritional effects
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most commonly in association with thiamine deficiency and, rarely, toxic effects due to additives in the alcoholic
beverage (cobalt). The acute effects of alcohol on the heart include a negative inotropic effect and arrhythmias,
especially atrial fibrillation, and/or (rarely) ventricular ones resulting in SCD. Long-term heavy alcohol consumption
induces adverse histological, cellular, and structural changes within the myocardium resulting in ACM.
The contributing mechanisms include: oxidative stress, apoptosis (programmed cell death), impaired mitochondrial
bioenergetics and stress, derangements in fatty acid metabolism and transport [15] and accelerated protein breakdown.
These mechanisms determine myocyte cellular changes resulting in intrinsic cell dysfunction, such as sarcoplasmic
reticular dysfunction and changes in the intracellular calcium handling and myocyte loss. However, modulatory
influences related to drinking patterns, genetic susceptibility, nutritional factors, ethnicity, and gender also many play
a role [2]. In addition, alcohol has an important pro-arrhythmic effect responsible for the high incidence of
arrhythmias and risk for SCD [16]. Acetaldehyde has been found to increase the release of catecholamine from
sympathetic nerve endings or the adrenal medulla determining an increase in heart rate and even in the ectopic
ventricular activity.
Study group
From all patients with DCM, admitted for arrhythmias and/or acute CHF in the cardiology clinic of our hospital
between Mar 2015 and Dec 2017, we selected 58 participants with newly diagnosed DCM that has not been explained
by another obvious aetiology (i.e. ischemia, hypertension, valvular or congenital heart disease, arrhythmias, diabetes
mellitus, hyperthyroidism). Twenty-seven patients (48.27%) had a history of heavy alcohol consumption (alcohol
intake >80 g/day, over a period of at least 5 years) and were considered to have ACM – Group A. Group B consisted
of thirty-one patients (53.44%) without significant alcoholism, which were diagnosed with ICM. They were treated
according to guidelines recommendations [17] and followed for at least 12 months. Mortality, number and duration of
hospitalisation were analysed.
Cardiological evaluation
after clinical examination, 12- lead electrocardiogram and chest X-ray, the diagnostic of DCM was based on the
assessment of dilated cardiac cavities and reduced ejection fraction (EF) of under 39% by echocardiography. All
echocardiographic examinations were performed with an Acuson Sequoia C 512 echocardiograph, by the same
echocardiographist in order to avoid inter-observer differences. Two-dimensional and M-mode echocardiography
were performed in accordance with the recommendations of the American Society of Echocardiography. After a
regular exam of cardiac morphology and function, we assessed the left ventricular ejection fraction (LVEF) by using
the Simpson method and the estimated systolic pulmonary pressure (PAPs).
At the inclusion in the study, all patients had 24 hours Holter monitoring, performed with a Holter Labtech
Cardiospy device. For the analysis of obtained data we used the Nevrokard Long-Term aHLV (L-aHRV V.5.0.0.)
program. Regarding HRV, we studied the following parameters in time domain (TD): the standard deviation of all
normal to normal (NN) intervals (SDNN), the standard deviation of all NN intervals occurred in 5 minutes (SDANN),
the radical of the differences of mean squared NN successive intervals (RMSSD) and the HRV index (HRVTI); in
frequency domain (FD): total power (TP), low frequency (LF), high frequency (HF) and LF/HF ratio. For HRT we
determined the turbulence onset (TO) - early sinus acceleration after a PVC and the turbulence slope (TS) - late sinus
deceleration following a PVC, according to guidelines [18].
Data analysis was performed using SPSSv.25.0 (Statistical Package for the Social Sciences, Chicago, IL, USA).
Continuous variables were presented as a mean and standard deviation (SD) or median and associated quartiles (Q1,
Q3) and categorical data were presented as counts (percentages). We performed descriptive and inferential statistics
analysis to summarize the characteristics of the study population. To evaluate the proportion of HRV and HRT altered
parameters in groups, we applied the chi-squared test (χ2). For comparing patient groups, we used the t-student test
and Mann Whitney U test. For comparing patient groups, we used the Kruskal–Wallis H test, followed by a post-hoc
analysis with Mann-Whitney U test with Bonferroni correction applied. A p value of less than 0.05 was considered to
indicate a statistically significance. The study was approved by the Ethics Committee of our hospital and all patients
signed a written consent.
Results and discussions
Our study group consisted of 58 patients, 36 men and 22 women, aged between 37 and 69 years, newly diagnosed
with DCM and admitted in the hospital for CHF or/and arrhythmias. They were divided into two subgroups: group A
– included 27 patients, 19 men and 8 women, mean age 62.69+4.77 years, with a history of heavy alcohol
consumption (alcohol intake >80 g/day, over a period of at least 5 years) who were considered with ACM. Group B
consisted of 31 patients, 17 men and 14 women, mean age 53.73+5.69 years, without significant alcoholism and
without other aetiology that could explain the presence of CMD which were diagnosed with ICM.
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Table 1
CLINICAL AND LABORATORY CHARACTERISTICS OF THE STUDY GROUPS
Clinical and laboratory characteristics
Age
Gender: men
women
BMI (Kg/m2)
ECG:
● heart rate
● left bundle block
● right bundle block
Echocardiography:
● LVEF
● Mitral regurgitation
● Tricuspid regurgitation
● PAPs
HRV
● Time domain:
SDNN, ms
SDANN, ms
RMSSD, ms
HRVTI, ms
● Frequency domain:
Total power –TP, ms2
Low frequency - LF, ms2
High frequency- HF, ms2
LF/HF ratio

Group A - 27 patients with
ACM
62.69 + 4.77
19 – 70.37%
8 – 29.62%
26.8 +4.51

Group B - 31 patients
with ICM
53.73 + 5.69
17 – 54.83%
14 – 45.16%
26.2+3.1

p

82 + 12.4
9 – 33.33%
3 - 11.11%

66 +7.2)
9 – 29.03%
4 – 12.90%

<0.001
0.723
0.834

26.8 + 5.3
25 – 92.59%
26 – 96.29%
57.1 + 15.6

24.7 + 4.2
28 – 90.32%
30 - 96.77%
52 + 19.4

<0.001
0.758
0.920
0.344

35.85 + 6.88
56.31 + 0.84
6.58 + 0.99
10.12 + 1.59

45.89 + 6.66
66.48 + 0.71
6.72 + 0.62
12.33 + 1.71

<0.001
<0.001
0.466
<0.001

<0.001
0.223
0.490

2492.02 + 556.2
2358.46 + 2252.6
0.210
1606.82 + 572.8
1548.5 + 1161.3
0.598
810.14 + 219.74
760.34 +622.29
0.193
1.98+ 0.77
2.03 + 0.45
0.698
HRT: TO, %
7.58 +1.4
6.64 + 0.78
<0.001
TS, ms/RR
4.95 + 1.25
6.2 + 0.57
<0.001
Legend: alcoholic cardiomyopathy – ACM; idiopathic cardiomyopathy – ICM; body mass index- BMI;
electrocardiography – ECG; left ventricular ejection fraction – LVEF; systolic estimated pulmonary artery pressure – PAPs;
standard deviation of all normal to normal (NN) intervals – SDNN; standard deviation of all NN intervals occurred in
5 minutes - SDANN, the radical of the differences of mean squared NN successive intervals – RMSSD; HRV index - HRVTI;
turbulence onset – TO; turbulence slope – TS.

All patients were evaluated clinically and subsequently, all of them had chest X-ray, electrocardiography,
echocardiography and 24-hours Holter monitoring. Clinical and laboratory data are presented in table 1.
The evolution of these patients was followed for a period of 12 to 30 months, median 18 (12-22) months, table 2.
Because they were newly diagnosed with CMD, 23 patients (39.65%) were not yet receiving medical treatment. At the
time of the initial evaluation, therapy with diuretics was initiated in 36 patients (62.06%), with angiotensin-converting
enzyme (ACE) inhibitors in 42 (72.41%), with digoxin in 21 (36.20%), and/or with nitrates in 7 (12.06%). None of the
patients was receiving beta-blockers or antiarrhythmic agents at this moment. Abstinence from alcohol was strongly
recommended for all patients, but only 9 (33.33%) became abstinent. During follow-up, the majority of patients were
treated with ACE inhibition (91.37%), beta-blockers (72.41%), ivabradine (29.31%) and/or diuretics (70.68%) or
digoxin (56.89%) if necessary. Information regarding patients’ outcomes was obtained, from rehospitalization records
or by phone calls to the patients or their general practitioners, table 2.
Table 2
EVOLUTION OF STUDY GROUPS
Evolution
ACM
ICM
Abstinent 9
Non-abstinent -18
Number of re-hospitalization
2 (1-2)
3 (2-4)
2 (1-2)
Days of hospitalization
10 (5 – 10)
20 (13-28.5)
14 (7-15)
Mortality
2 -22.22%
6 – 33.33%
10 – 32.25%
Legend: alcoholic cardiomyopathy – ACM; idiopathic cardiomyopathy – ICM

p*
0.987
<0.001
0.829

Referring to HRV analysis in time domain, all parameters (SDNN, SDANN, RMSSD and HRVTI) were
significantly depressed. Although SDNN values were highly depressed in both patient groups, they were more reduced
in group A, with a statistically significant difference between the two groups (p˂0.001). The values of HRVTI where
depressed in both groups, especially in group A, with a statistically significant difference comparing to group B
(p˂0.001). The severe depression of SDNN and HRVTI indicates a high risk for ventricular arrhythmias. Referring to
HRV parameters in frequency domain, the differences between group A and B were not statistically significant. TP
was reduced in both patient groups. LF and HF were elevated in both groups, but the LF/HF ratio was between normal
limits. On the analysis of HRT parameters, all patients had abnormal, positive values of TO, table 1. TS values,
although normal, were significantly lower in patients with ACM (p<0.001), table 1.
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The study of HRV and HRT is a highly debated topic in the literature and is used to ascertain the influences of the
ANS on the heart [1,3,18]. Several scientific papers have been written about their significance in various physiological
states and in pathological conditions [12-14]. The sympathovagal imbalance, similar to that induced by an excess of
catecholamines is a well-known compensatory mechanism in CHF [1,2,14]. Disertori et al documented in their study
[14] that all HRV parameters, measured in time and frequency domain, decreased progressively in patients with DCM.
These data highlight the reduction of vagal tone and the increase of sympathetic cardiac control in ACM, with
important clinical implication taking into account that decreased HRV signifies an increased risk for arrhythmias.
The value of HRV for the prediction of ventricular arrhythmias in patients with ICM, in order to select those at
high risk for prophylactic ICD implantation is a topic of debated in Grimm et al study [20]. Their findings do not
support the use of HRV (SDNN) for this purpose, as well as the results of the Marburg Cardiomyopathy Study
(MACAS) who did not identify HRV (SDNN) as a good predictor of major arrhythmic events in patients with ICM
during 52±21 months of follow-up. Depression of HRT parameters is considered an independent risk factor for the
apparition of severe arrhythmias in patients after acute myocardial infarction and in those with CHF [3].
Patients with ACM were significantly older than those with ICM (p<0.001) and male gender prevailed. They had
more frequently tachycardia (p<0.001), but there was no significant difference regarding the incidence of intraventricular conduction disturbances. They had a better LVEF (p<0.001), but PAPs values were higher, thus not
statistically significant. There was no significant difference regarding treatment in both subgroups. Referring to their
evolution, there were no significant differences between patients with ACM who became abstinent and ICM regarding
the number of hospitalisation and mortality. Only the total duration of hospitalisation was higher in the first category.
If we analyse the differences between abstinent and nonabstinent patients with ACM, the last ones had more
readmissions in the hospital and of longer duration (p<0.001) and increased mortality.
The negative inotropic and arrhythmogenic effects of alcohol at high-dose exposure are debated in the medical
literature [1,2,9]. Several controlled clinical studies have shown a dose-dependent depressor effect of alcohol on the
LV function, an effect that progressively induces the occurrence of ACM leading to CHF and sudden cardiac death [910]. Alcoholism represents one of the most frequent causes of acquired CMD after ischemic heart disease in
developed countries, being responsible for an increased morbidity and mortality among these patients. Associated
pulmonary hypertension worsens the prognosis of these patients [7-8]. It is discussed that alcohol cessation or even its
reduction, together with standard heart failure therapies [17] leads to a better prognosis of these patients, with reduced
mortality rates [19-21]. Continuation of alcohol consumption is a negative prognostic factor, associated with further
decline of LV function, increased prevalence of ventricular arrhythmias and high risk of sudden cardiac death [21-24].
Conclusions
In our study, we have documented, both in patients with ACM and ICM, depressed values of HRV parameters in
time domain, as well as pathological values of TO. Although positive, TS values were lower in patients with ACM.
During follow-up, we noticed a significant difference between patients with ACM and ICM regarding the duration of
hospitalization, but those who became abstinent had better outcome.
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