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A B S T R A C T

Background: It has been suggested that physical exercise could have potential beneficial effects in substance
abusers, which are based on both physiological and psychological theories. Although a few studies have ex-
amined the effect of exercise on alcohol intake and fitness in individuals with alcohol use disorders (AUDs), there
is a gap in the literature concerning the physiological and biochemical mechanisms that could be affected by
physical exercise in this population.
Purpose: The purpose of the present study was to examine physiological and biochemical responses to exercise
after an 8-week supervised exercise training (ET) intervention in heavy drinkers. The investigation was mainly
focused on the relationship among exercise, opioids, the hypothalamic-pituitary-adrenal axis (HPA) activity and
heavy alcohol drinking.
Methods: Eleven (Age: 30.3 ± 3.5 yrs; Body Mass Index: 28.4 ± 0.86 kg/m2) male heavy drinkers volunteered
to participated in an 8-week supervised intervention of moderate intensity exercise (50–60% of Heart Rate
Reserve). All participants were exhibiting low physical activity and used to drink heavily. Before intervention,
the participants were asked to record their daily alcohol intake without changing their physical activity levels for
4 weeks (control condition). During the 8-week supervised ET intervention, participants were recording their
daily alcohol intake and were motivated to increase gradually the duration and frequency of ET. Blood samples
were collected prior to and after 4 weeks of the control condition, the day before the beginning of the ET
intervention, and at the end of the 4th and 8th week of ET intervention. Blood samples were analyzed for β-E,
epinephrine, norepinephrine, adrenocorticotropin, cortisol, gamma-glutamyl transferase (γ-GT), aspartate
transaminase and alanine transaminase. Physiological and alcohol-related indices were also examined.
Results: The 8-week supervised ET intervention resulted in reduced alcohol consumption, reduced γ-GT levels,
and fitness improvement in heavy drinker. ET intervention did not significantly change the hormonal responses.
Conclusion: The results indicate that physical exercise could act as a healthy habit that can help individuals with
AUDs reduce alcohol intake and improve health status; however, this is not related with changes in hormones
associated with the HPA-axis.

1. Introduction

Light to moderate alcohol use is thought to have a beneficial impact
on health (e.g., [1]), whereas uncontrolled and excessive alcohol con-
sumption can negatively affect mental and physical health, and social
aspects of humans [2]. Alcoholism and other disorders related to

alcohol use are a major health concern, with alcohol abuse accounting
for about 4.5% of all diseases and injuries worldwide [3].

Alcohol use has been reported to influence the activity of the en-
dogenous opioid system of humans [4,5]. Acute exposure to alcohol
may result in a fast and transient release of β-endorphin (β-E) by the
pituitary and hypothalamus [6,7] in a dose-dependent manner [8].
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Increased β-E levels, in turn, activate μ and δ receptors, possibly playing
an important role in the reinforcing properties of alcohol intake. On the
other hand, there may be a decreased β-Ε release as well as lower
density and activity of the opioid receptors after chronic exposure to
alcohol that may be responsible for feelings of discomfort and negative
reinforcement [4,5]. This is based on reports that chronic alcohol abuse
resulted in low concentration of β-Ε in the cerebrospinal fluid and
plasma of alcoholics [8,9]. The endogenous opioid system is involved in
the modulation of the HPA-axis. Since chronic alcohol abuse influences
the activity of the endogenous opioid system, it may also be associated
with impaired activity of the HPA axis and consequently increased le-
vels of glucocorticoids. Indeed, excessive alcohol drinking is one of
various stressful conditions that result in increased release of cortisol
from the adrenal cortex and may be negatively associated with cogni-
tive function [10]. Consequently, changes in HPA-axis activity may
influence changes in the behavior towards alcohol use in individuals
with alcohol use disorders (AUDs).

The low success rates of alcohol abuse treatment programmes and
the high relapse rates are problems of great significance [11]. Substance
abuse treatment includes changing deeply imbedded behaviors, invol-
ving lifestyle modifications. One lifestyle modification that has been
proposed as an adjunct method for alcohol abuse cessation and pre-
vention of relapse in alcoholics is physical exercise [11–14]. This
statement is supported by research data indicating that pleasure ratings
after exercise are higher compared to drinking alcohol in alcohol de-
pendent patients [15]. Physical exercise is beneficial in many different
ways; it enhances mood and psychological wellbeing [16], improves
health and wellness, can be cost-effective, flexible, accessible, and have
minimal side effects compared to pharmacological treatment [17].

There is limited research on the use of exercise as an adjunctive
strategy in treatment programmes of AUDs. Available data from human
studies have provided inconsistent results regarding alcohol abuse
cessation, whereas fitness gains are more evident. The present study
attempts to elucidate physiological responses to chronic exercise in
heavy drinkers in order to understand the mechanisms that could po-
tentially make physical exercise a promising tool in the treatment of
AUDs.

2. Material and methods

2.1. Subjects

Subjects who participated in this study were recruited through
flyers, posters, newspaper press releases, and word-of-mouth recruiting
all over the region of Thessaly, Greece. To avoid confusion related to
physiological differences between genders, all participants were men.

Exclusion criteria included: serious health conditions or physical
disabilities or any other medical condition compromising safe partici-
pation in exercise; any person with a history of drug abuse other than
alcohol; any person aged sixty and over.

All subjects were informed about the study protocol, the associated
risks and benefits, and signed an informed consent form. They were all
exhibiting low physical activity, as assessed by the Greek version of the
International Physical Activity Questionnaire (IPAQ-Gr) [18], and they
were identified as heavy alcohol drinkers by fulfilling at least one of the
following criteria: (1) Drinking > 14 drinks/week or 4 drinks per oc-
casion; (2) Drinking 5 or more drinks on the same occasion on each of 5
or more days in the past 30 days; with 1 drink containing 14 g of pure
alcohol [19]. Moreover, subjects completed the Alcohol Use Disorders
Identification Test (AUDIT, [20]), which is a tool for identifying in-
dividuals with hazardous and harmful patterns of alcohol consumption
[21]. AUDIT consists of 10 questions (scored individually from
0 = never to 4 = four or more times per week) about recent alcohol
use, alcohol dependence symptoms, and alcohol-related problems [21].
Scores from 8 to 15 indicate hazardous drinking, which is a pattern of
alcohol consumption that increases the risk of harmful consequences for

the user or others [22]. Scores from 16 to 19 suggest harmful drinking,
which is a pattern of alcohol consumption that leads to consequences to
physical and mental health and maybe social consequences [22,23].
Scores of 20 or above indicate alcohol dependence [21].

After screening, 13 subjects fulfilled the criteria for participation.
During the protocol intervention two of them dropped-out; one subject
left the programme after completing the first 3 weeks of the protocol
intervention due to personal reasons and another one was excluded
from the study following the first five weeks of the protocol interven-
tion due to low compliance with the programme. These subjects were
identified as heavy drinkers according to the AUDIT and at baseline 4, 3
and 4 had a score of 8–15, 16–19, and 20 or above, respectively
(17.45 ± 1.60; mean ± SD). 73% of them were smokers, while no
history of other substance abuse was reported. In regards to employ-
ment, 27% of the subjects had been employed as professionals or skilled
workers, 27% had been employed as unskilled workers, and 46% were
university students at the time of enrolment to the study. Concerning
personal life, 27% of the subjects were married, 9% were living with a
partner, 18% were living with their parents and/or siblings, and 46%
were living alone being single. Almost three quarters (73%) of the
subjects had secondary education according to the United Nations
Educational, Scientific and Cultural Organization [24].

Moreover, baseline measurements were also conducted in a control
group (CG), in order to set the normal values of β-E. The CG consisted of
11 matched controls (age: 34.1 ± 2.0 yrs) who were exhibiting low
physical activity as well, but did not exceed the limits of moderate al-
cohol use and had a score of< 8 at the AUDIT. Heavy drinkers and
controls were also matched for smoking status; eight subjects in each
group were current smokers.

2.2. Experimental design

Medical history was reviewed and a resting electrocardiogram
(ECG) was performed on each subject in order to detect any heart ab-
normalities and contraindications to exercise. The procedures were in
accordance with the 1975 Declaration of Helsinki and ethics approval
was received from the University of Thessaly review board. This trial
was registered at ClinicalTrials.gov as NCT02664766[25].

Before intervention, during a control condition period of 4 weeks all
subjects were asked to record their daily alcohol intake while receiving
no treatment. Subsequently an 8-week supervised exercise training (ET)
intervention was carried out. During this intervention period, all sub-
jects were also asked to record their daily alcohol intake and were
motivated to gradually increase the duration and frequency of ET. All
measurements of anthropometric, physiological, biochemical and al-
cohol-related parameters were performed prior to and after the control
condition (pre/post) and prior to, after 4 and 8 weeks of the ET inter-
vention (pre/mid/post) (Fig. 1).

2.3. Anthropometric and physiological measurements

Body weight was measured to the nearest 0.1 kg (Tanita Body Fat
Monitor/Scale TBF-521; Tanita, Inc., IL, USA), with subjects lightly
dressed and barefoot. Standing height was measured to the nearest
0.1 cm (Stadiometer 208; Seca, Birmingham, UK). Percentage body fat
was assessed using the bioelectrical impedance analysis technique
(Tanita Body Fat Monitor/Scale TBF-521; Tanita, Inc., IL, USA). Blood
pressure (BP) was measured with a manual sphygmomanometer (FC-
101 Aneroid Sphygmomanometer; Focal Corporation, Japan). Heart
rate was monitored by short-range telemetry (Polar RC3 GPS HR; Polar
Electro Oy, Kempele, Finland) and was recorded every 5 min during
exercise sessions. Body Mass Index (BMI) was calculated by the equa-
tion: BMI = (weight in kg) / (height in m)2. Waist to hip ratio (WHR)
was calculated by the equation: WHR = (waist circumference in cm) /
(hip circumference in cm). Maximal oxygen uptake (VO2max) was esti-
mated based on a Single Stage Submaximal Treadmill Walking Test
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(SSTWT; [26]). Flexibility of the lower back and hamstrings was as-
sessed using a sit and reach box [27]. Number of sit-ups performed in
one minute, and number of push-ups until exhaustion were also re-
corded. Finally, the Hand Grip Test was performed with a digital
handgrip dynamometer (T.K.K. 5710, Grip-D Takei, Tokyo, Japan) in
order to assess handgrip strength.

2.4. Blood collection and handling

Participants were instructed to follow their usual eating habits and
avoid any strenuous physical activity for at least two days before each
blood sample collection. Participants were also asked to record their
diet for two days before the first blood collection and follow the same
diet before each of the subsequent blood samplings. All blood samples
were collected in the morning (8:00–10:00 a.m.) after an overnight fast
and smoking abstinence.

Blood samples were drawn from a forearm vein and then were
handled as follows: Plasma and serum collection has been described
elsewhere [28]. Moreover, a portion of blood was collected in vacu-
tainer tubes containing EDTA and Trasylol® (aprotinin), shaken thor-
oughly and cooled in an ice-bath immediately until centrifugation
(1370 ×g for 10 min at 4 °C). The supernatant was transferred into
Eppendorf tubes® and was immediately stored at −80 °C for later de-
termination of β-E.

2.5. Assays

Analyses of all biologic substances were done in duplicates on the
same day, while samples had undergone only one freeze-thaw cycle.
Plasma catecholamines and β-E were determined by 125I-radio-
immunoassay with commercially available kit (BIO SOURCE Europe
S.A., Nivelles, Belgium). Plasma adrenocorticotropic hormone (ACTH)
was determined by 125I-radioimmunoassay with commercially avail-
able kit (BRAHMS Aktiengesellschaft, Hennigsdorf, Germany). Serum
cortisol was determined by 125I – radioimmunoassay with commer-
cially available kit (IMMUNOTECH S.A., a Beckman Coulter Company,
Prague, Czech Republic). Serum gamma-glutamyl transferase (γ-GT),
aspartate transaminase (AST) and alanine transaminase (ALT) were
measured photometrically in a Clinical Chemistry Analyzer Z 1145
(Zafiropoulos Diagnostica, Athens, Greece) by the IFCC -UV Kinetic
Method with commercially available kits (Zafiropoulos, Athens,
Greece).

2.6. Statistical analysis

Two-way repeated measures ANOVA was conducted to examine
differences in physiological, biochemical and alcohol-related para-
meters between the control condition and the 8-week ET intervention.
If a significant interaction was obtained, pairwise comparisons were
performed through simple contrasts and simple main effects analysis
using the Bonferroni test method.

One-way repeated measures ANOVA was conducted to examine the
effects of the 8-week ET intervention in physiological, biochemical and
alcohol-related parameters.

Independent t-test was conducted to examine differences between
heavy drinkers and matched controls in β-E levels at the baseline.

Data are presented as mean ± SE. The level of statistical sig-
nificance was set at p < 0.05. The statistical software used for all
analyses was SPSS version 18.0 (SPSS Inc., USA).

3. Results

3.1. Control condition vs pre-exercise training intervention

Statistical analysis did not reveal any significant difference between
conditions in baseline values of the parameters examined. Moreover, no
significant difference in any parameter before and after the control
condition was observed, indicating that during that period no changes
in physiological, biochemical or other parameters tested occurred
(these results are not presented here).

3.2. Exercise training intervention

3.2.1. Exercise-related parameters
A significant effect of time for frequency of ET sessions per week

was observed [F(2,20) = 9.121, p = 0.005]. Pairwise comparisons
showed significantly increased post-intervention levels compared to
pre-intervention (p < 0.05). Moreover, a significant effect of time for
duration of sessions of ET per week was observed [F(2,20) = 37.063,
p < 0.001]. Pairwise comparisons revealed significantly increased
mid-intervention levels compared to pre-intervention (p < 0.001), and
significantly increased post-intervention levels compared to pre-inter-
vention (p < 0.001) (Table 1).

3.2.2. Physiological parameters
Exercise training resulted in significant changes in some physiolo-

gical parameters (Table 2). A significant effect of time for weight was
observed [F(2,20) = 5.626, p < 0.05]. Pairwise comparisons revealed
a significant decrease in post-intervention levels compared to pre-in-
tervention (p < 0.05).

There was a significant effect of time for BMI [F(2, 20) = 5.508,
p < 0.05]. Pairwise comparisons showed that there was a non-sig-
nificant (p= 0.057) decrease in post-intervention levels compared to
mid-intervention, and a non-significant (p = 0.058) decrease in post-
intervention levels compared to pre-intervention.

Fig. 1. Schematic presentation of the study protocol. AUDIT: alcohol use identification
test; IPAQ: international physical activity questionnaire; β-E: beta endorphin; ACTH:
adrenocorticotropic hormone; E: epinephrine; NE: norepinephrine, γ-GT: gamma-glu-
tamyl transferase; AST: aspartate transaminase; ALT: alanine transaminase.

Table 1
Exercise-related parameters of the subjects during exercise training intervention
(M ± SE).

Parameter Pre-intervention Mid-intervention Post-intervention

Frequency of ET
(sessions/week)

1.27 ± 0.54 2.61 ± 0.31 3.36 ± 0.24a

Duration of ET (min/
week)

19.09 ± 7.80 96.96 ± 11.48a 136.64 ± 16.34a

Mean HR during ET/
week

133.82 ± 2.47 134.05 ± 3.69 137.43 ± 4.50

ET: exercise training; HR: heart rate.
a Significant difference from pre-intervention.
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There was a significant effect of time for systolic BP [F(2,18)
= 4.318, p < 0.05]. Pairwise comparisons revealed a trend for a sig-
nificant decrease in mid-intervention levels compared to pre-interven-
tion (p= 0.07).

A significant effect of time for waist circumference was found [F
(2,20) = 11.275, p = 0.001]. Pairwise comparisons revealed a sig-
nificant decrease (p < 0.05) in mid-intervention levels compared to
pre-intervention, and a significant decrease (p < 0.01) in post-inter-
vention levels compared to pre-intervention.

A significant effect of time for flexibility was found [F(2,16)
= 14.483, p < 0.001]. Pairwise comparisons showed that there were
significantly increased (p < 0.05) mid-intervention levels compared to
pre-intervention, significantly increased (p < 0.05) post-intervention
levels compared to mid-intervention, and significantly increased
(p = 0.01) post-intervention levels compared to pre-intervention.

A significant effect of time for sit-ups was observed [F(2,18)
= 8.852, p < 0.005]. Pairwise comparisons revealed a significant in-
crease (p < 0.05) in mid-intervention levels compared to pre-inter-
vention, and a significant increase (p < 0.05) in post-intervention le-
vels compared to pre-intervention.

Finally, paired t-test revealed significantly increased (p= 0.001)
post-intervention IPAQ values compared to pre-intervention (pre:
546 ± 119 vs. post: 1663 ± 271). Detailed results are presented in
Table 2.

3.2.3. Biochemical parameters
A significant effect of time for γ-GT was observed [F(2,20) = 5.880,

p < 0.05]. Pairwise comparisons revealed a significant decrease

(p < 0.01) in post-intervention levels compared to pre-intervention.
No significant difference (p > 0.05) was found for any of the other
biochemical parameters assessed. Detailed results are presented in
Table 3.

3.2.4. Alcohol-related and other outcomes
There was a positive effect of the 8-week ET intervention on sub-

jects' behavior towards alcohol, as indicated by the alcohol use ques-
tionnaire scores. In the majority of the questions regarding alcohol in-
take, subjects reported significantly lower intake; however, the
intention to decrease or stop drinking was not affected (Table 4).

Pearson correlation revealed that there was a negative correlation
(r =−0.441; p= 0.01) between the exercise frequency per week and
the AU consumed per week. There was also a non-significant negative
correlation (r = −0.341; p = 0.52) between the exercise frequency per
week and the AU usually consumed per week. No significant correlation
between exercise duration per week and alcohol-related parameters
was observed.

Concerning the alcohol units consumed weekly, a significant de-
crease (p < 0.05) in post-intervention levels compared to pre-inter-
vention was observed. Concerning the desire for alcohol over the last
week, a trend for a significant decrease (p = 0.06) in post-intervention
levels compared to mid-intervention was observed. Moreover, a sig-
nificant decrease (p < 0.005) in post-intervention AUDIT values
compared to pre-intervention was found (pre: 17.5 ± 1.6 vs. post:
12.8 ± 2.1) (Table 5).

4. Discussion

To our knowledge this is the first study that investigated the effects
of ET on physiological mechanisms related to alcohol use disorders in
humans. Results indicate that even though positive changes are seen in
physiological parameters and alcohol intake habits with ET this is not
related with hormonal modifications.

The 8-week ET intervention resulted in improvement in several
indices of fitness in heavy drinkers. Similar gains have been reported in
previous studies [29–35], whereas one study [36] did not find sig-
nificant change.

More specifically, a positive effect of the 8-week ET intervention on
body composition was indicated by changes in body weight and waist
circumference, as well as a non-significant change in BMI. Subjects had
greater waist circumference compared to controls at the baseline, while
the ET intervention resulted in increased physical activity levels along
with decreased weight and waist circumference, and non-significantly
decreased BMI. It is well established that ET contributes to weight
control and leads to beneficial metabolic changes in both healthy and
non-healthy populations. However, concerning individuals with AUDs,
we found in the literature only one study that reported reduced body fat
percentage after ET intervention [35].

Table 2
Physiological parameters of the subjects throughout exercise training intervention
(M ± SE).

Parameter Pre-intervention Mid-intervention Post-intervention

VO2max (ml/kg/min) 45.76 ± 1.73 46.27 ± 1.51 49.17 ± 2.46
Weight (kg) 88.85 ± 3.05 89.14 ± 2.91 87.62 ± 3.04a

BMI (kg/m2) 28.42 ± 0.86 28.52 ± 0.84 28.03 ± 0.86
Systolic BP (mm Hg) 121.10 ± 2.47 115.00 ± 2.69 114.10 ± 1.78
Diastolic BP (mm Hg) 80.70 ± 2.45 77.00 ± 2.13 74.10 ± 1.78
Waist (cm) 97.45 ± 3.61 94.70 ± 3.13a 92.70 ± 3.46a

Hip (cm) 104.58 ± 1.33 103.89 ± 0.68 102.28 ± 0.72
WHR 0.88 ± 0.03 0.86 ± 0.03 0.86 ± 0.04
Flexibility (cm) 10.22 ± 2.52 13.11 ± 2.56a 16.39 ± 2.54a,b

Handgrip (kg) 46.03 ± 1.67 45.00 ± 3.35 47.70 ± 1.79
Sit-ups 27.70 ± 3.18 35.00 ± 2.30a 37.30 ± 3.41a

Push-ups 15.89 ± 2.38 17.67 ± 2.39 19.22 ± 3.33
IPAQ (MET-min/week) 546 ± 119 – 1663 ± 271a

BMI: Body Mass Index; BP: Blood Pressure; WHR: Waist to Hip Ratio; IPAQ: International
Physical Activity Questionnaire.

a Significant difference from pre-intervention.
b Significant difference from mid-intervention.

Table 3
Biochemical parameters of the subjects throughout exercise training intervention (M ± SE).

Index Pre-intervention Mid-intervention Post-intervention Normal range

γ-GT (U/L) 59.75 ± 10.35 54.70 ± 10.95 49.00 ± 9.59a 11–61 (men)
AST (U/L) 29.25 ± 4.20 28.49 ± 2.60 30.19 ± 1.96 ≤37 (men)
ALT (U/L) 29.27 ± 3.98 29.42 ± 3.58 26.86 ± 4.23 ≤42 (men)
ACTH (pg/ml) 30.91 ± 4.02 36.09 ± 4.93 34.46 ± 4.26 10–60 (8–10 a.m.)
E (pg/ml) 43.64 ± 3.58 42.46 ± 4.54 40.82 ± 3.52 < 100
NE (pg/ml) 275.00 ± 35.01 254.36 ± 29.41 242.00 ± 28.91 < 600
Dopamine (pg/ml) 39.46 ± 2.64 41.18 ± 3.36 47.82 ± 6.22 < 100
Cortisol (nM) 151.10 ± 27.71 158.00 ± 18.11 167.30 ± 17.69 260–720 (morning)
β-E (pg/ml) 3.31 ± 0.40 4.28 ± 0.71 3.48 ± 0.64 3.84 ± 0.92 (matched controls)
Cortisol/ACTH 4.92 ± 0.92 4.95 ± 0.62 5.35 ± 0.64

γ-GT: gamma-glutamyltransferase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ACTH: Adrenocorticotropic Hormone; E: Epinephrine; NE: Norepinephrine; β-E: beta-
endorphin.

a Significant difference from pre-intervention.
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Moreover, systolic BP decreased by 7 mm Hg (approximately 6%)
and these changes almost reached significance. Only two previous
studies have investigated possible changes in BP of individuals with
AUDs by ET and provided inconsistent results; one study reported de-
creased systolic BP [34], whereas the other one did not report any
significant changes [37]. Possible explanations for this result is that BP
of the subjects that participated in the present study was within the
normal limits at the baseline and only a slight decrease could be ob-
tained after intervention or significant results could be obtained if the
time period of intervention was longer. However, it has been demon-
strated that even a 2 mm Hg reduction in SPB may result in reduced risk
of cardiovascular morbidity associated with elevated blood pressure
(e.g. stroke, ischemic heart disease) [38].

There are mixed results concerning the effect of the 8-week ET in-
tervention on parameters of physical conditioning. After ET interven-
tion, physical activity level, flexibility and sit-ups values significantly
increased, whereas VO2max, handgrip and push-ups values did not
change. Literature also provides inconsistent evidence regarding the
effect of ET interventions on physical functioning in individuals with
AUDs. A previous study by Palmer et al. [36] reported no changes in the
values of VO2max, while most studies have reported a significant posi-
tive effect of ET on VO2max[30,33,39,40]. Moreover, two previous
studies have reported significantly increased muscular strength of
subjects in intervention groups [33,39]. It is likely that a combination
of aerobic with resistance exercise could lead to positive effects in ex-
tended parameters of physical conditioning.

Physical activity levels at the end of the 8-week ET intervention
were 3 times higher from the baseline levels. This is in agreement with
previous studies that have reported increased levels of physical activity
achieved after ET intervention [33,39,40]. Engagement of individuals
in ET programmes has been shown to increase their self-confidence,
self-esteem and self-efficacy levels [41,42]. Motivation of the subjects
to increase the frequency and duration of exercise sessions could ex-
plain our results. All these favorable physiological outcomes in com-
bination with decreased alcohol consumption after ET intervention
indicate that exercise is beneficial for heavy drinkers and highlight the
importance of including ET intervention in the treatment of AUDs.

Central β-Ε deficiency has been previously shown to occur both in

human alcoholics and in animal models, and may contribute to in-
creased alcohol urge and relapse rates [4]. However, various studies on
the effect of chronic exposure to alcohol on the pituitary and hy-
pothalamic β-E systems have provided inconsistent results that are at-
tributed to methodological problems [4].

A previous study from our laboratory [9] has reported that alco-
holics had lower plasma β-Ε levels compared to healthy counterparts.
The baseline β-Ε levels at rest of heavy drinkers that participated in the
present study were not significantly different from those in the control
group, indicating that there may be a central β-Ε deficiency in alco-
holics but not in heavy drinkers. The different levels of baseline β-E
levels between alcoholics and heavy drinkers could be explained by the
different level of exposure to alcohol. Moreover, a 29.2% non-sig-
nificant increase in β-Ε levels at the 4th week of ET intervention was
detected; however, β-Ε levels decreased again reaching the baseline
levels at the 8th week of ET intervention. From these results one can
assume that chronic exercise of moderate intensity may only lead to
medium-term increases in β-Ε levels of heavy drinkers. Furthermore,
heavy drinkers may not experience a central β-Ε deficiency and,
therefore, ET intervention may not have a significant effect on the
opioid system.

In addition, the effects of alcohol on the body mainly depend on the
quantity consumed, the pattern of drinking and the duration of ex-
posure. Gender differences in β-Ε levels at rest may also exist; however,
in the present study only male heavy drinkers were included. Previous
studies have demonstrated that female heavy drinkers have lower
plasma β-Ε and ACTH levels than male counterparts [43]. In addition to
that, genetic factor may also affect β-Ε levels at rest since it was shown
that individuals with a family history of alcoholism exhibit lower
plasma β-Ε [44] and ACTH [45] levels than those with no family his-
tory of alcoholism. Since heavy drinkers that participated in the present
study did not report a family history of alcoholism, this could also be a
reason for the lack of differences in their baseline levels of β-Ε and
ACTH compared to the control group.

Increased release of cortisol from the adrenal cortex can be induced
by various stressful conditions, such as excessive alcohol drinking.
Alcoholics may exhibit increased levels of cortisol which exert a glu-
cocorticoid negative feedback both at the hypothalamus and pituitary,

Table 4
Alcohol use questionnaire scores of the subjects throughout exercise training intervention (M ± SE).

Question Pre-intervention Mid-intervention Post-intervention

How many AU do you drink per day? 3.05 ± 0.61 2.96 ± 0.63 1.96 ± 0.43a

How many AU did you drink last night? 2.55 ± 0.46 1.55 ± 0.47 2.46 ± 0.71
How many times did you consume alcohol over the last month? 6.82 ± 0.33 5.82 ± 0.46a 5.27 ± 0.43a

How many AU did you use to drink per occasion over the last month? 5.58 ± 0.51 4.27 ± 0.43a 3.68 ± 0.49a

How many days do you usually drink alcohol? 5.14 ± 0.46 4.55 ± 0.53 3.86 ± 0.68a

How many AU do you usually drink per week? 19.00 ± 3.20 15.86 ± 3.04 11.64 ± 3.03a

Would you like to stop drinking alcohol? (1−10) 3.91 ± 0.98 4.46 ± 1.00 5.18 ± 0.91
Would you like to cut down on alcohol? (1–10) 5.73 ± 0.91 5.64 ± 0.87 6.73 ± 0.81
Time until first drink after an exercise session (min) 592 ± 88.4 1170 ± 387.6 1370 ± 311.6a

AU: Alcohol Units (1 AU = 14 g of pure alcohol). 1: Not much; 10: Very much.
a Significant difference from pre-intervention.

Table 5
Alcohol-related parameters of the subjects throughout exercise training intervention (M ± SE).

Parameter Pre-intervention Mid-intervention Post-intervention

AU consumed over the last week 18.64 ± 3.69 16.73 ± 4.61 12.55 ± 2.65a

Desire for alcohol over the last week (0: No desire - 10: Strong desire) 7.27 ± 0.45 7.27 ± 0.47 6.46 ± 0.55a

Goal setting for alcohol moderation (0: No goal - 10: Big goal) 3.18 ± 0.46 2.55 ± 0.28 2.73 ± 0.33
How sure are you that you can achieve your goal? (0: Not sure - 10: Totally sure) 6.73 ± 0.63 7.00 ± 0.74 7.64 ± 0.69
AUDIT score (0−20) 17.5 ± 1.6 – 12.8 ± 2.1a

AU: Alcohol Units (1 AU = 14 g of pure alcohol); AUDIT: Alcohol Use Identification Test.
a Significant difference from pre-intervention.
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resulting in decreased ACTH secretion. The results of the present study
showed that ACTH and cortisol levels in heavy drinkers were within
normal limits and did not change throughout ET intervention. This
could also be explained by the lower exposure to alcohol of heavy
drinkers compared to alcoholics.

Changes in the levels of hormones of the HPA axis can reflect
changes in the function of central nervous system (CNS). The 8-week ET
intervention had no effect on any of those indicators of HPA axis ac-
tivity in heavy drinkers. The sympathetic nervous system plays an im-
portant role in mediating the response to exercise in healthy individuals
[46], and abnormal response of this system both at rest and during
physical exercise indicates abnormal cardiac response, something that
was not evident in heavy drinkers. More research on the effect of ET on
HPA-axis activation in individuals with AUDs is warranted.

Heavy drinkers often suffer from an AUD; however, many of them
abuse alcohol over a long period of time without becoming addicted to
alcohol [47]. The pathophysiology of alcohol misuse is very compli-
cated and the exact physiological mechanism by which heavy drinkers
eventually become addicted to alcohol is not known yet. There is no
known specific neurotransmitter binding site in the brain for alcohol,
unlike most illicit drugs of abuse. For that reason, research on alcohol
dependence is mainly focused on the effects of alcohol in pathways of
neuronal communication that integrate the activities of multiple brain
regions.

The mesolimbic dopamine system (MDS), the most important re-
ward pathway in the brain that carries dopamine from one area of the
brain to another, is thought to be involved in the development of
substance dependence, including alcohol. Alcohol misuse may gradu-
ally impair MDS function, which in turn results in rewarding and ad-
dictive effects [48]. Alcohol promotes dopamine release in the nucleus
accumbens, a brain region and part of the MDS with many neurons that
contain dopamine receptors; however, chronic excessive exposure to
alcohol may decrease the number of dopamine receptors in alcoholic
patients [49]. Exercise may also activate the MDS. It has been proposed
that since dopaminergic reinforcement mechanisms in the neural
system are activated by both alcohol and exercise, alcohol consumption
and exercise may produce similar pleasurable effects [50,51], rending
exercise a useful tool for the prevention and treatment of AUDs. Al-
though previous ET interventions in animal models have reported
sustained increases in the number of dopamine receptors in the striatum
[52,53], no change in plasma dopamine levels after 8 weeks of ET in-
tervention in heavy drinkers was found in the present study. This
finding could be explained by the fact that plasma dopamine levels may
not reflect the quantity of dopamine receptors in the brain or the lower
exposure to alcohol of heavy drinkers compared to alcoholics.

Chronic excessive exposure to alcohol is a causative factor of liver
inflammation. γ-GT levels is an indicator of liver inflammation that can
reflect changes in alcohol use pattern. The subjects had γ-GT levels at
the higher end of the normal range at the baseline, while the 8-week ET
intervention resulted in decreased γ-GT levels along with reduced al-
cohol intake. Therefore, it is likely that the main factor that influenced
the decreased γ-GT levels in heavy drinkers was the reduced alcohol
intake. Moreover, liver transaminases (AST and ALT), especially ALT,
are also indicators of liver inflammation [54]. AST and ALT levels were
within the normal limits throughout the ET intervention. It has been
suggested that central adiposity, independently from BMI, is associated
with greater levels of liver enzymes, which may be the result of un-
recognized fatty liver [55]. Obese individuals may be at greater risk of
developing fatty liver than heavy drinkers; however, individuals with
both obesity and heavy alcohol use may be at even greater risk of de-
veloping this condition [56]. The subjects of the present study were
considered overweight according to BMI (BMI = 28.42 ± 0.86 kg/m2)
but their WHR was within the normal limits. Thus it could be hy-
pothesized that changes in liver enzyme levels could reflect changes in
the amounts of alcohol consumed.

The intervention was an 8-week supervised aerobic ET with exercise

sessions of increasing frequency and duration, where a minimum of two
30-min supervised exercise sessions per week was set. Previous inter-
vention studies involved three to sixteen weeks of ΕΤ of mostly aerobic
exercise (55%–85% of HRmax), one to five times per week
[29–33,35,36,40,57]. The subjects that participated in the present
study were motivated to increase the frequency and duration of exercise
sessions as part of long-term lifestyle modifications that include in-
creased physical activity and reduced alcohol consumption. For that
reason, the subjects were asked to set a goal for exercise duration and
alcohol consumption before each session. Therefore, individuals were
free to decide which exercise duration and frequency was the more
suitable and pleasant for them, in order to increase the possibility of
achieving these long-term lifestyle modifications. Heart rate was mon-
itored during supervised exercise sessions and it was estimated that all
subjects were exercising at moderate intensity (50–60% of Heart Rate
Reserve) throughout the ET intervention.

AUDIT scores decreased significantly following the ET intervention.
Alcohol-related parameters are very important in the treatment of AUDs
because they provide useful information on the efficacy of interventions
aimed at alcohol abuse cessation. Desire for alcohol, which plays an
important role in the treatment of AUDs, was significantly decreased
after ET intervention. Interestingly, heavy drinkers reported that their
will to cut down on alcohol consumption was low throughout the ET
intervention, whereas alcohol consumption was significantly decreased
at the end of ET intervention. It would be expected that a decrease in
alcohol consumption would be accompanied by increased will of heavy
drinkers to cut down on alcohol; however, no such result was observed.
It is possible that other physiological and/or psychological factors may
have contributed to these findings and certainly this needs to be ex-
amined further. Even though there were no significant differences
under basal conditions in hormonal levels there may be changes in the
responses of some of these hormones in response to stressful situations
physical (such as exercise) or psychological. Thus, the increased ET
participation of the subjects may increase their ability to cope with
stressful situations which could be partially responsible for their de-
creased alcohol consumption. This is an aspect that needs further in-
vestigation. Previous studies have also examined alcohol-related para-
meters after exercise such as alcohol urge, abstinence rates and drinking
behavior through questionnaires and/or via biochemical parameters,
with positive outcomes observed [30,34,35,40,58].

Subjects were recording their daily alcohol consumption throughout
the study. During the control condition, no significant change in alcohol
consumption was found; however, gradually decreased alcohol con-
sumption was reported in the ET intervention. Therefore, it is likely that
subjects' behavior towards alcohol was not affected by the fact that they
had to record their alcohol consumption. Moreover, subjects were
aware of their drinking problem and it could be assumed that they
would make an effort to cut down on alcohol consumption anyway.
Nevertheless, their intention to quit or cut down on alcohol was re-
ported to be medium and did not change after ET intervention. All these
results indicate that the decreased alcohol consumption reported was
influenced by the ET intervention.

Since alcohol consumption was self-reported, the results could be
inaccurate. For that reason, changes in γ-GT levels, which reflect
changes in alcohol consumption, were examined. It was observed that
changes in γ-GT levels were similar to changes in alcohol consumption;
alcohol consumption and γ-GT levels decreased after ET intervention.
Therefore, it is likely that self-reported alcohol consumption was in
agreement with the actual amounts of alcohol consumed.

During the ET intervention, 15.4% of the subjects (2 out of 13)
dropped out. This drop-out rate is lower in comparison to findings from
previous studies; a 16-week ET intervention reported 43.5% drop-out
rate [31] and a 4-week ET intervention reported 26% drop-out rate
[33].

Although the results indicate that the 8-week ET intervention was
effective in decreasing alcohol consumption while increasing physical
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activity, there were some limitations. One of these limitations is that
there was a small sample; randomized controlled studies with a larger
sample size could provide more reliable results. Moreover, only male
heavy drinkers were included in the study and, therefore, findings of
the ET intervention cannot be generalized for female heavy drinkers. It
is known that women are more vulnerable to the effects of alcohol
consumption than men due to physiological differences. In a recent
study by Gallego et al. [59]., it was reported that there was a significant
decrease in ethanol consumption and preference in female but not in
male mice following voluntary exercise, indicating that there may be
gender differences in the efficacy of voluntary exercise and its effects on
alcohol-related behaviors. Moreover, examination of biochemical in-
dices obtained from other tissues than blood could offer a better un-
derstanding of the physiological mechanisms involved in individuals
with AUDs who participate in ET interventions. Indirect measurements
in the plasma may not correlate with the levels of β-E and other en-
dogenous opioids in the brain; however, direct measurement of these
compounds in the living human brain is not possible. Finally, in this
study there was a direct comparison of the experimental group with a
control group only for the baseline measurements. A better under-
standing of the physiology and behavior would be gained if an “alcohol-
matched” group of individuals was included, i.e. individuals who drink
less over an 8-week period, but who do not exercise, and compare them
to the exercising group. This consists of a limitation of the study but it is
a topic of further investigation.

5. Conclusions

It is concluded that an 8-week supervised aerobic ET intervention
may be beneficial for individuals with AUDs in terms of long-term
lifestyle modifications; however, this seems not to be related with
changes in hormonal responses associated with the HPA-axis.

Although only a small number of studies on the effects of exercise on
alcohol use and related parameters in individuals with AUDs exist, the
limited available data indicate that this is a promising research topic.
ET interventions that include motivation goals may be more effective in
achieving and maintaining a healthier lifestyle in individuals with
AUDs than only exercise or psychological support. Future large-scale
studies that would also examine gender differences should be con-
ducted.
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