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Abstract 
Alcoholism is one of the most widely occurring addiction in the world. In this paper, we proposed the method of 
addiction detection based on polysomnography. We have got the sleep records which were described by numerical 
parameters calculated from standard processed records of polysomnography signals. The database used in the 
experiments consisted of 172 examinations: 50% of healthy and alcohol-addicted patients, and 50% males and females, 
with normal-like age distribution. For the diagnosis, we have used the decision system built on an artificial neural 
network. 
In our investigations, we have optimised the input set of parameters and the network structure. To verify the correctness 
of the diagnosis we have used the “leave one out” validation method. 
Finally, we have obtained over 97% correctness of alcohol addiction diagnoses for different, optimised sets of data for 
men and women. we got the 8 parameters described men and 11 for women where only 5 has been common. What must 
be underlined such a positive result was obtained by dividing the data base. For the whole base, we have got only about 
89% correct diagnoses.  

Key words: alcohol addiction; sleep disturbance; polysomnogram; diagnosis; artificial neural networks. 

 

Introduction 

Alcoholism can affect people regardless of their social or 
financial status or age. Many factors of biological, 
psychological, or socio-economic nature are responsible for 
this addiction. Everything together makes determining its 
causes problematic.1 
 The concept of inheriting behaviours is not new and reaches 
the eighties of the 20th century. At present, there are no tests 
allowing for a definite statement that alcoholism is hereditary. 
However, the results of the research conducted up to now 
testify in favour of this thesis. Moreover, research has shown 
that the superior role in the process of addiction is played by 
dopaminergic brain centres activated, directly or indirectly, by 
stimulants. Part of the addicted patients has a smaller number 
of dopamine receptors on the surface of the cells. As a 
consequence, they need to take a greater dose of a stimulant in 
order to feel the same effect as the rest of the population. Such 
biological conditioning may prove some predispositions to 
addiction to be hereditary.2-6 
 Even though alcoholism affects people from all social 
classes, factors such as poverty or unemployment significantly 
influence the probability of its occurrence. It is particularly 

visible in developing countries, where a high percentage of 
unemployment among young people is recorded. Research on 
etiological factors of alcoholism included also the influence of 
race, culture, and religiousness on the likelihood of occurring 
stimulant abuse. Religiousness significantly affects the use of 
stimulants. It has been proved that people taking part in 
religious rituals and feeling a strong need of spiritualization are 
less exposed to the risk of falling into addiction.7 
 The aspect of social roles played by men and women is also 
important. Men more often drink alcohol in order to prove or 
raise their value in the eyes of others, temporarily get rid of 
control, socialize with the group or strengthen fraternal 
relations. These motivations are pervasive in every culture. 
 The main problem with drinking women is the effect that 
alcohol has on them. For this reason, the consumption of 
alcohol by women is often regulated in terms of quantity, the 
frequency, and circumstances of consumption, depending on 
the culture and role of a woman in society. It turned out that 
women who achieve professional successes and are more 
emancipated, reach for alcohol more often than typical 
housewives. 
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There are clear differences between the ability to metabolize 
alcohol by men and women and they act to the disadvantage of 
women. Women have a smaller ability of alcohol absorption 
and lower concentration of alcohol dehydrogenase responsible 
for its dissolution. Besides, their organisms have a lower 
percentage of water in which alcohol is soluble.8,9 
 There are several methods of classifying whether a given 
person has been affected by alcoholism. They differ in terms of 
the description of particular symptoms, as well as the scale of 
their occurrence. They however have some features in 
common, which assume that a patient shows a pathological 
desire to consume alcohol, the symptoms of physiological 
addiction, and regular losses of control and memory under the 
influence of alcohol. Science managed to differentiate two 
types of alcoholism. The first, occurring in 75% of cases, is 
characterized by the excessive consumption in patients over the 
age of 25, behaviour marked by avoidance of conflict 
situations, a feeling of a quilt, physiological addiction, and 
occasional impulsive outbursts of aggression. The second type 
is the opposite of the first one and assumes that the patient feels 
guilt rarely or not at all, often outbursts with aggression and 
seeks an opportunity to consume alcohol, searches for conflict 
situations and his problems with excessive consumption started 
before the age of 25.10 
 

Material and methods 

Testing of alcohol addiction  
Alcoholism is extremely difficult to diagnose, especially in its 
initial stage, when a patient doesn’t consider some of his 
behaviours as pathological. 
 An addicted person can also, often intentionally, mislead 
doctors for fear of losing a job, social position, etc. On the 
basis of the statistical evaluation as little as every third 
alcoholic seeks medical help.11 Most of the tests diagnosing 
alcoholism have a form of a questionnaire. Due to a number of 
factors, such as socio-economic conditioning, culture 
(including traditions of the region the surveyed comes from) or 
a simple willingness to cooperate, such tests have rather 
average medical effectiveness. Rehab centres use auto tests, 
which are supposed to help doctors in a more adequate choice 
of therapy and patients in monitoring their progress. One of 
such tests is Addiction Severity Assessment Tool (ASAT) 
including 27 questions evaluated with the use of a 4-point 
scale. The questions are divided into several sub-areas such as 
everyday functioning or functioning in social relations. 
Unfortunately, the correct interpretation of the test requires 
appropriate training. An additional drawback of this test is the 
time needed for filling it in, computer version requires 45 
minutes. It also doesn’t have full diagnostic value and only 
suggests which areas should be taken care of by a therapist.12 A 
similar tool is Addiction Severity Index. As shown by studies 
conducted in Germany the effectiveness of diagnosing 

alcoholism on the basis of the case record and tests is 7 to 65% 
in best and most obvious cases.13 Whereas such test was 
accompanied by a medical inquiry, its effectiveness increased 
to 89%. In Great Britain in screening test is used Paddington 
test as a way of detecting people with a tendency to excessive 
alcohol consumption.14 Performing it requires only 20 seconds, 
however, the degree of patients cooperation is not always 
helpful in getting all the demanded answers. Questions 
themselves can also discourage the surveyed as in the case of 
universally used CAGE system. Its last question, the so-called 
“Eye-opener” directly suggests that one has problems with 
controlling consumption. Since a huge part of alcoholics live in 
ignorance or denial of their addiction they react in a negative 
way to direct suggestions.15-19 
 The sedative effect of alcohol on the nervous system is one 
of the reasons making people taking smaller or larger doses in 
order to make falling asleep easier. However, it turned out that 
alcohol doesn’t remain indifferent to the process of sleep and 
its frequent abuse is fully visible during rest.22-25 Patients not 
only have problems with falling asleep but also complain of 
short sleep and often search for medical help and undergo 
polysomnographic test.26 
 Polysomnography (PSG) is a basic type of sleep study, all-
night test according to international standards consisting of 
uninterrupted, simultaneous records of at least 4 signals: 
electroencephalographic (EEG), two electrooculograms (EOG) 
– in order to detect REM sleep and electromyographic (EMG). 
All-night sleep record is divided into 30-seconds epochs and 
signals from each epoch are analyzed and classified by a 
specialist. He defines the patient’s condition during a given 
epoch and assigns an epoch to a particular sleep stage, strictly 
following recommendation from the handbook by 
Rechtschaffen and Kalesch,27 including knowledge resources in 
the field of sleep. This way we can determine total sleep time 
(TST) and relative times of being in one of six states: sleep 
onset, 4 stages of Non-Rapid Eye Movement (NREM) – two of 
light sleep and two of a deep sleep, and one stage of Rapid Eye 
Movement (REM). Usually, researchers define on this basis 
other parameters such as sleep latency, REM stage latency, 
sleep efficiency, etc., which are always derivatives of those 
basic ones. Figure 1 presents exemplary, initially processed 
polysomno-graphic records of alcoholic and healthy men and 
women. 
 Many researchers dealt with the issues of sleep of alcoholics. 
Some of them quite successfully searched for features allowing 
for detecting addiction, with the use of statistical analysis 
parameters. Some of them didn’t confirm significant changes 
of parameters of sleep of the alcoholics thus denying 
possibilities of making a diagnosis. A substantial study on this 
subject was published by Kirk J. Brower,23,24 however it seems 
that the influence of alcohol on physiological functions during 
sleep has not been sufficiently and explicitly described yet.25 
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Figure 1. Exemplary polysomnograms of alcoholic and healthy men and women. 

In our opinion, problems and differences in the evaluation of 
the influence of alcohol on alcoholic’s sleep can result from 
using rather meagre databases. PSG study is complicated, its 
analysis is even more difficult, so the matter of unambiguous 
confirmation of its diagnostic usability in diagnosing 
alcoholism is still open. In our previous works and conference 
papers we presented initial results indicating a possibility of 
using PSG record to detect alcohol addiction. We then 
achieved a diagnosis accuracy of 89% and we signalled that 
this result can be definitely improved.28 In this paper which is a 
continuation of the previous studies, we present the latest 
results, which are conclusive in our opinion. 
 

Database 
Database which was used in our studies and which is unique in 
a world scale was developed in the Institute of Psychiatry and 
Neurology in Warsaw. It consists of 172 processed records of 
polysomnographic signals of alcoholics during the treatment 
and a corresponding group of the non-addicted. Distribution of 
the age of patients in both groups was similar: the average age 
in the group of 87 alcoholics was 38±8 and in a group of 85 not 
addicted patients - 39±9. The number of men and women in the 
base was equal, 86 each. Tests for normality of the distribution, 
which we carried out yielded a positive result.28 It needs to be 
added that the period of being addicted in the group of 
alcoholics was 5 to 40 years and all the addicted practised 
abstinence for 14 to 365 days before the test. Similarly, the 
non-addicted didn’t consume alcohol for at least 14 days before 
the test. Processed PSG records included 26 standard 
parameters28 calculated usually as a total of minutes for the 
whole recording time (for all sleep cycles) or expressed in 
percent in relation to the complete time of the test (Total Sleep 
Time). Each person participating in PSG signal record was 
assigned by a specialist to one of two groups: control or 
addicted. It needs to be added that patients from the control 
group were earlier examined and stated to have no other 

illnesses or disorders, so they could have been considered as 
healthy. 
 

Methodology of the study 
As it was mentioned above, some of the standard PSG 
parameters describing patient are given in two ways: in 
minutes and as a percentage of TST what is apparently 
redundant. Stopping at those expressed in time units allows for 
immediate reduction of the number of features to 19. It is of 
particular significance at least because of the time necessary 
for calculations. 
 Signalled in the introduction different reaction to alcohol of 
men and women and their susceptibility to addiction, as well as 
almost equal representations of both sexes in database made us 
to decide to conduct studies in three separate groups: men, 
women, and mixed. All data describing the patients have been 
standardized by transferring their original values into a 
normalized range of <-1;1>.29,30 This was done according to the 
following relation: 

�� = ����� −�	
�� ×  ���������
������������ + �	
� Eq. 1 

where: 
�� – normalized value of the parameter 
�� – initial value of the parameter  
���� , �	
�– upper and lower range of normalization 
���� , �	
� – maximum and minimum value of the 
normalized feature 
 As another method for initial selection allowing for limiting 
the number of features of a patient, we decided to use Fisher 
Discriminant. 31 It is designated for all features and provides a 
method of rapid assessment of their significance in the further 
information processing. We accepted, according to the 
literature recommendation, that if the value of a discriminant 
equals 2 or more, then a particular feature is significant and 
will be used. The rest of them are at this stage rejected as being 
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of a lesser importance. Fisher Discriminant value was 
calculated according to the following relation: 

�	� = ��������
� ��� ��!

 Eq. 2 

where  
�	�– Fisher Discriminant value 
"#, "$ – average value of the feature in each of the target 
classes 
�#$, �#$– the value of a feature variance in each of the target 
classes 
 Data prepared in such a way had then been used to train the 
system supporting the diagnosis of alcohol addiction realized in 
a technique of artificial neural networks. The task of this 
system-classifier was to do a bi-state classification healthy-ill 
(addicted) on data from the presented base. In order to build a 
classifier, we decided to use MATLAB modelled feed-forward 
neural networks made of neutrons of continuous bipolar 
activation function of hyperbolic tangent type, trained with the 
use of coupled gradients method.32 During the experiment, it 
turned out that in order to train the classifier it is sufficient to 
use network architecture with a single hidden layer, the value 
of which was optimized simultaneously with the changes 
(reduction) of the number of features describing the patient 
[“wrapper approach”]. Modification of the network 
architecture was realized by adding hidden neurons (starting at 
3) and aimed to provide the most adequate diagnosis. 
 To assess the diagnosis adequacy thus test the network, we 
agreed to apply a well-known leave-one-out method.33 With n 

records describing patient in our database, this method requires 
n-repeated teaching and testing by a single test element, 
different every time. Average results of such test show an 
ability to generalize a diagnostic system. Apart from the 
evaluation of the percentage of the accurate diagnosis it is 
possible to calculate the parameters often used in medical 
sciences such as sensitivity, specificity, and positive predictive 
value (PPV). It is carried out according to the following 
relations: 

The accuracy of diagnosis: %& = 	 �()	*(+�
�()	*,)	*(+	*,+� Eq. 3 

Sensitivity: -. = ()
�()*,+� Eq. 4 

Specificity: /0 = (+
�(+*,)�; Eq. 5 

Positive predictive value: 112 = ()
�()*,)� Eq. 6 

where 
TP – True Positive, FN – False Negative, TN – True Negative, 
FP – False Positive. 
 

Results 

The results of studies on applying PSG signals in supporting 
the diagnosis of alcohol addiction are presented below in two 
tables. The first one (Table 1) illustrates a set of features 
describing patients ranging from the original record in the 
primary base, as for those initially optimized, used in 
classifiers of the best properties. 

 
Table 1. Illustration of the features describing patients. 

  Parameter Unit 1st selection mixed group  women  men 
1. Record time min x  —  —  — 
2. Sleep time min x Xx  —  — 
3. Sleep onset min x Xx Xx  — 
4. Total Sleep Time min x Xx Xx Xx 
5. Keeping/maintaining sleep %  x Xx X  — 
6. Sleep efficiency % x Xx X Xx 
7. NREM stage 1 min x  —  —  — 
8. NREM stage 1 %  —  —  —  — 
9. NREM stage 2 min x  —  —  — 
10. NREM stage 2 %  —  —  —  — 
11. NREM stage 3  min x Xx Xx  — 
12. NREM stage 3 %  —  —  —  — 
13. NREM stage 4 min x Xx Xx Xx 
14. NREM stage 4  %  —  —  —  — 
15. NREM stages 3+4 min x Xx Xx Xx 
16. NREM stages 3+4 %  —  —  —  — 
17. NREM stage  min x Xx Xx Xx 
18. NREM stage %  —  —  —  — 
19. REM stage min x Xx Xx Xx 
20. REM stage  %  —  —  —  — 
21. Sleep latency min x  —  —  — 
22. REM latency min x Xx Xx Xx 
23. Latency stage 3 and 4 min x Xx X  — 
24. The number of awakenings  — x Xx Xx  — 
25. The number of REM cycles  — x  —  —  — 
26. Average sleep time min x  —  —  — 

x - parameter remaining after 1st selection 
X - marks these parameters-features which describe patients for whom Fisher Discriminants in the mixed group of men and women were equal to 2 or higher 
Xx - it means that a given feature remained after final selection and was an element of the best description of the patient 
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Table 2. The architectures of networks and the results of diagnosing. 

Group Optimal NN architecture 
The accuracy 
of diagnosis Sensitivity Specificity Positive Predictive Value 

Women 9/5/1 98.8% 97.7% 100% 100% 

Men 7/4/1 97.5% 97.8% 97.8% 97.5% 

Mixed Database 13/8/1 98.8% 100% 97.6% 97.7% 

 
 

The first column, the second and the third respectively contain 
PSG parameter names, units in which they are expressed, and 
initial rejection of parameters expressed in TST percent. 
Parameters remaining after 1st selection were marked with X. 
In the next columns sign X marks these parameters-features 
which describe patients for whom Fisher Discriminants in the 
mixed group of men and women were equal to 2 or higher. 
When the X sign is accompanied by x sign (Xx) it means that a 
given feature remained after final selection and was an element 
of the best description of the patient. 
 Table 2 presents the results of studies on neural networks 
used for diagnosing alcoholism. In the next column, it is 
showed respectively: the architecture of the most adequate 
diagnosing networks, the accuracy of the diagnosis, sensitivity, 
specificity, and PPV in the particular groups of men, women, 
and mixed. 
 

Discussion 

At the beginning of the discussion, it has to be emphasized that 
the results were obtained by applying a procedure methodically 
completely different from that presented in the previously 
mentioned studies. They only had in common artificial neural 
networks used as a classifier, but the way of optimizing the 
patient’s description – the choice of features or architecture 
optimization and testing the network- was completely different. 
The diagnosis accuracy level was also different – very high in 
this case. Provided that before the adequacy of diagnosis was 
89%, it now seems that the network made mistakes only in 
single cases. It enabled achieving 98% of correct diagnoses, 
sensitivity, and specificity of the method. It happened 
irrespective of the fact whether diagnosis concerned all 
patients, or particular groups of men or women. At this point, it 
is worth to analyse the sets of features describing particular 
groups of men and women and full database. They are different 
and consist of respectively: 9, 7, and 13 features. What is 
interesting is the fact that despite the attempts we were able to 
reduce the number of features characterized by a high content 
of Fisher Discriminant from 12 to 9 only in a group of women. 
In the rest of them, the best classifiers were initial sets achieved 
after initial analysis – examination of Fisher Discriminant. 
Regardless of the above, it is interesting that the sets of features 
describing the groups of men and women are sub-sets of a 
mixed group and the descriptions of the group of men and 
women include the majority of identical features i.e. 5. These 

are NREM stage 4, NREM stages 3+4, NREM stage, REM 
stage, and REM latency. On this basis, we can conclude that 
alcohol addiction strongly affects deep sleep. It needs to be 
emphasized that in the studies carried out earlier we 
acknowledged 2 of the above-mentioned features to be 
fundamental: NREM stage 4 and REM stage. It is worth adding 
that NREM stage 3 feature is just as important, it is a 
component of NREM stages 3+4, which is NREM stage 4 + 
NREM stage 3 sum. 
 

Conclusions 

In the conclusion of the described studies, the unique character 
of the used database needs to be emphasized. It results also 
from the fact that half of the given addicted patients are 
women. In databases used by authors of similar studies (e.g. 7) 
women data occurred very rarely and experiments were 
focused mainly on men. Here a mixed or diverse approach 
could have been applied. In such a context we were (positively) 
astonished by very good results of diagnosing alcohol addiction 
on the basis of the features determined by polysomnogram. The 
achieved adequacy of diagnosis, sensitivity, specificity or PPV 
of 98% is an excellent result. It absolutely confirms the 
correctness of PSG record and using it as a basis for the 
medical diagnosis of patients suspected of being an alcoholic. 
At the same time, what was easily predictable, the sets of 
features of men and women and a mixed group were different. 
In the case of two separate groups, the extent of differences 
was little, but still significant. On the basis of the lesser number 
of features describing a group of men, we can state that this 
group is easier to assess. 
 Regardless of the above, it is worth mentioning that the most 
important stages for diagnosis are NREM 4, NREM 3+4, 
NREM, REM, and REM latency, which proves strong 
impairment of deep sleep (stages 3 and 4 of NREM and REM) 
in alcoholics. 
 In conclusion, we need to state that despite excellent results 
given by the presented studies we are not going to stop our 
work. Our database, although quite numerous may undoubtedly 
be increased. We would like to continue studies together with 
researchers from the Institute of Psychiatry and Neurology and 
implement the method into clinical practice after confirming its 
usability. 
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