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Evaluation of Interoceptive Awareness in Alcohol-Addicted Patients
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INTRODUCTION
Alcohol addiction is a disorder that impairs mental and physical health; impairs the adjustment of the individual in the family, society and work; 
and has heterogeneous characteristics such as the inability to cut down or control alcohol use, in addition to its individual and social harms; 
issues with withdrawal symptoms in the case of discontinuation; tolerance development, with a strong desire or urge to use alcohol; and high 
relapse rates (1).

A very strong desire or urge to use a substance (craving) changes from person to person but can develop in some individuals into substance 
addiction. Craving can retain its presence and effect for a long time and may even continue after periods of prolonged abstinence and can 
cause relapses (2). Craving for the addicting substance is defined as “the strong subjective desire or urge to use the substance accompanying 
substance addiction” (3). The desire emerges in some cases as a compulsion such that it is impossible to resist obtaining and using the sub-
stance (4). Craving may appear without stimuli as well as in presence of internal or external stimuli that act as reminders of the substance 
(5). Internal stimuli about the substance may constitute emotional states (e.g., anxiety, anger) or withdrawal symptoms, and external stimuli 
include the environment and objects (e.g., bottles of alcoholic beverages, advertisements) related to the substance (6). Craving has been 
evaluated as being related to the failure of abstinence-based treatment as an outpatient, resistance to treatment, and severity of alcoholism 
and as being a strong predictive factor for relapse (7,8,9,10).

Substance abuse generates different physical effects, accompanied by unique emotions for the addicted individual (e.g., autonomic effects 
such as blood pressure and heart rate changes). The cessation of substance use may also cause withdrawal syndromes with unique autonomic 
effects, in addition to the effects of the substance use itself on the body (11). It is claimed that the changes in the perception and awareness 
of substance use or withdrawal-related interoceptive processes play a role in the onset and maintenance of addiction (12).

Interoceptive awareness (IA) is defined as the ability to accurately perceive interoceptive processes, which comprise receiving, processing, 
and integrating body-relevant signals, together with external stimuli. Awareness is the state of defining one’s experiences and bodily sig-
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Introduction: Interoceptive awareness (IA) is defined as an ability to 
accurately perceive interoceptive processes, which comprise receiving, 
processing, and integrating body-relevant signals together with external 
stimuli. Interoceptive processes affect the motivated approach or 
avoidance behavior toward stimuli. Alcohol and other substances have 
effects on the autonomic system that result in altered interoceptive 
processes. Individuals who have disturbed IA may be at a higher risk of 
addiction because they are not able to utilize sufficiently body-relevant 
signals to guide their decision-making. The hypothesis that IA in alcohol-
addicted patients would be affected and that the disturbed IA would be 
associated with alcohol craving was tested in this study.

Methods: The study was conducted with 55 patients diagnosed with 
alcohol addiction according to the Diagnostic and Statistical Manual 
of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) 
criteria and who had been sober for at least two weeks and 52 non-
addicted healthy controls. IA measurements were performed using 
the heartbeat perception performance method, which determines 

participants’ awareness of their own heartbeat by comparing the 
number of subjectively perceived heartbeats with an objective heart 
rate measure recorded with ECG during four separate intervals. In 
addition, the Alcohol Use Disorders Identification Test (AUDIT), Penn 
Alcohol Craving Scale (PACS), and Obsessive Compulsive Drinking 
Scale (OCDS) were performed on the alcohol-addicted patient group.

Results: IA scores were significantly lower in the alcohol-addicted 
patients than the control subjects. IA scores of alcohol-addicted patients 
were negatively correlated with the levels of alcohol craving sensations 
according to the PACS results.

Conclusion: Our results corroborate the suggestion that IA in alcohol-
addicted patients would be affected and that poor IA would be 
associated with alcohol craving and could be a maintaining factor for 
drinking behavior.
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nals with mental processes. The concept of being aware/unaware has an 
influence on many behaviors that a person displays automatically. IA is 
involved in many situations that correspond to addiction, such as condi-
tioning mechanisms, sensitivity toward bodily signals that act as reminders 
of the substance, emotional dysregulation, and failure of making the right 
decision in risky situations. Therefore, it is thought that the impairment 
of IA processes plays a role in physiological and psychological adaptations 
related to addiction; however, a proven direct relationship has not yet 
been found (11,12).

Studies about the neurobiology of addiction focus on the effects of sub-
cortical systems such as the amygdala, ventral striatum, and mesolimbic 
regions on the urge and substance-seeking behavior. However, the insula, 
which is usually overseen, also plays an important role in the desire for 
substance use. The insula is seen as a region that adapts bodily signals to 
emotions and decision-making mechanisms in processes that include in-
definite risk and reward (11). In studies conducted with substance addicts, 
stimuli acting as reminders of the substance have shown increased insular 
activation, and this situation has been reported to be associated with the 
craving intensity (11,13,14). It has been shown that the response of the 
insula to emotional stimuli decreases with alcohol use and the volume of 
insular gray matter is reduced in substance users (15,16). It has been re-
ported that individuals with insular damage quit smoking more easily, have 
lower relapse rates, and experience lesser urge to smoke than individuals 
with damage to other brain regions (17). It has been demonstrated that 
the insula is the primary neural center related to IA processes (18,19). 
The insula plays an important role in perception of the physiological status 
of the body with the assistance of bodily signals and the generation of 
unique emotional states to maintain homeostasis and motivational pro-
cesses that prompt approach/avoidance behavior toward stimuli (20).

An impaired IA is claimed to increase craving and drinking behavior in two 
ways. Emotional motivational processes are not active in decision-making 
mechanisms in addicts with decreased IA when they come across stim-
uli related to the substance because of weakening of the development 
of subjective emotions that could perceive the physiological state of the 
body and could obtain the internal balance of the body through bodily 
signals. An insufficiency of negative emotions that could prompt the avoid-
ance behavior for stimuli will instead facilitate heading toward the reward-
ing/appetitive stimuli of the addict who already has impaired neurobiolog-
ical and behavioral responses; therefore, craving and drinking behaviors 
may be enhanced by an increased activity of non-emotional motivational 
processes (e.g., habits, conditioning, positive expectations about drinking) 
(12). Addicts with increased IA may be under the risk of relapse trig-
gered by negative emotions or stress due to more intensive experience 
of withdrawal. Negative emotions that are promoted by internal systems 
(e.g., perception of heart rate changes) and external systems (e.g., inter-
personal stressors) and signs similar to withdrawal symptoms produced 
by internal processes may lead individuals toward seeking and using the 
substance. This situation could be explained by the negative reinforcing 
effects of the substance (12,21).

Counting the heart beats in short time periods while recording the heart 
beats of the subject with ECG and then comparing the real heart rate 
observed with the estimated heart rate for the subject is a proven effec-
tive method for the evaluation of IA (22,23,24). There is a recent study in 
the literature inspecting IA of alcohol addicts according to their heart rate 
perception performance (25).

The relationship between internal processes and IA may contribute to the 
phenomenological explanation of the inconsistencies between decreased 

insight, denial, intention, and deeds that play an important role in addic-
tion (12). This study was conducted according to the assumption that the 
processes related to IA may be impaired in alcohol-addicted patients. The 
aim of the study was to compare the IA levels of sober alcoholics that are 
under treatment for alcohol addiction with those of healthy controls and 
to evaluate whether there is a relationship between craving and IA levels.

METHODS
Participants: Fifty-five patients who had been sober for at least two 
weeks and admitted as an inpatient or outpatient to the Trakya Universi-
ty School of Medicine, Department of Psychiatry Service, Edirne, Turkey, 
between March 2012 and August 2012, for the treatment of alcoholism 
and who met the alcohol addiction criteria according to the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision 
(DSM-IV-TR) diagnosis criteria, and 52 healthy volunteers as a control group 
were included in the study. The study was conducted according to the vol-
untarism principle. The participants were informed about the study and 
written informed consents were obtained. The study was approved by the 
Trakya University School of Medicine Scientific Research Evaluation Council 
Ethical Committee, dated 22.02.2012, case number 06/09. A breathalyzer 
was used to measure the level of ethanol in expired air, and the breath alco-
hol concentrations of all the participants measured 0 promil.

All the participants underwent a mental status examination by the re-
searchers and their psychiatric and medical histories were evaluated; the 
DSM-IV-TR diagnostic criteria and additional diagnostic evaluation were 
performed during the clinical evaluation. Exclusion criteria from the study 
were as follows: axis I psychiatric diagnosis other than alcohol addiction 
according to the DSM-IV-TR criteria, ongoing treatment for psychiatric 
disorders, delirium tremens and/or withdrawal state, mental retardation 
or other medical conditions that may cause difficulty to understand the 
instructions of the study, and clinically important abnormal ECG findings.

Materials: The American Psychiatric Association DSM-IV-TR criteria 
were implemented for the diagnosis of alcohol addiction (3). Individuals 
who had a problematic pattern of alcohol use leading to clinically signifi-
cant impairment or distress, as manifested by at least three of the given 
criteria, occurring within a 12-month period were defined as alcohol ad-
dicts. A socio-demographic data form prepared by the researchers was 
applied to participants who were qualified to be included in the study. 
Data about the socio-demographic status, such as the age, gender, marital 
status, education level and alcohol use and amount, smoking and amount, 
history of alcoholism treatment, and personal and family history of psychi-
atric disorders, were recorded on this form.

Alcohol Use Disorders Identification Test (AUDIT): AUDIT 
was used to identify the alcohol use risk levels of the participants. The 
WHO has described four risk levels in the AUDIT guidelines (0–7, 8–15, 
16–19, 20–40 points); increasing risk levels reflect increasing intervention 
levels. AUDIT was developed by WHO to identify at-risk drinking and 
alcohol-addicted patients in the context of “World Health Organization 
Collaborative Project on Early Detection of Persons with Harmful Alco-
hol Consumption” (26). It is a screening test that was investigated in pri-
mary medical care internationally, that could be filled in 5 minutes, and that 
was found to be reliable and valid. The first three questions examine the 
amount and frequency of alcohol use, and the following three questions 
examine the possible signs of addiction. The last four questions are about 
the current and lifetime problems related to alcohol use. Each question 
is scored with a five-level Likert (0–4) scale. High scores in AUDIT have 
been determined to be related to alcohol addiction (26). The Turkish ver-
sion of the scale has been found to be reliable and valid (27).18
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Penn Alcohol Craving Scale (PACS): The alcohol craving of the 
participants was evaluated with PACS. PACS is a questionnaire with five 
self-reporting statements and was developed to evaluate alcohol craving 
severity (frequency, intensity, duration, resistance, and general craving). 
Each statement is evaluated with a score of 0–6. The maximum total crav-
ing score is 30. The reliability and validity of PACS have been demonstrat-
ed (28). The Turkish version of PACS has been found to be reliable and 
valid for male inpatient alcohol addicts under treatment (29).

Obsessive Compulsive Drinking Scale (OCDS): OCDS was 
used to evaluate the alcohol drinking characteristics of alcohol-addicted 
patients. The alcohol cravings of the participants were also evaluated 
with this scale. The maximum total craving score is 56. Various clini-
cal, neurobiological and neuropsychological data indicate that obsessive 
thoughts about alcohol use and compulsive behavior are fragments of 
alcohol craving. The Yale–Brown Obsessive Compulsive Drinking Scale 
was modified and a self-reporting scale constituting 14 questions was 
produced (30). Each statement is scored with a point of 0–4. It provides 
information about alcohol craving in general and provides an evaluation 
of both obsessive and compulsive components. The Turkish version of 
the scale was found to be reliable and valid for male inpatient alcohol 
addicts under treatment (31).

Evaluation of IA: IA was measured with the heart rate tracking task 
described by Schandry (22), determining participants’ awareness of 
their own heartbeat by comparing the number of subjectively perceived 
heartbeats with an objective heart rate measure. This procedure was 
performed at the 25th, 35th, 45th, and the 100th second at four differ-
ent stages based on the subject’s counting of their own heartbeat. A 
quiet environment in which the subjects could concentrate and count 
their heartbeats was acquired. The subject was requested to count their 
own heartbeat between “start” and “stop” orders without checking any 
device or pulse in a relaxed sitting position during the evaluation. The 
participants were not told about the duration that they would count 
their heartbeats. The actual heart rate was recorded with ECG simul-
taneously.

The IA value was calculated with the IA= 1/4∑(1 − (|RHB-CHB|)/RHB) 
formula. The results were between 0 and 1 and high scores demonstrat-
ed increased IA.
IA 25 sec = 1 − [(RHB 25 sec –CHB 25 sec)/RHB 25 sec]
IA 35 sec = 1 − [(RHB 35 sec – CHB 35 sec)/RHB 35 sec]
IA 45 sec = 1 − [(RHB 45 sec – CHB 45 sec)/RHB 45 sec]
IA 100 sec = 1 − [(RHB 100 sec – CHB 100 sec)/RHB 100 sec]
IA = (IA 25 sec + IA 35 sec + IA 45 sec + IA 100 sec)/4

Heartbeat perception is the most extensively researched aspect of IA 
and has been established as a valid indicator of substantial inter-individ-
ual differences (23,24).

Statistical Analysis
The Statistica 7.0 program was used for the statistical analysis. Con-
formity of the data to the normal distribution was inspected with the 
one-sample Kolmogorov–Smirnov test. The independent samples t-test 
was used to compare the means for parameters with a normal distribu-
tion between the groups, and the Mann–Whitney U test was used for 
parameters without a normal distribution. The chi-square test was used 
for investigation of the categorical variables between the groups. The 
Spearman’s test was conducted to evaluate the correlation of scales with 
each other. The significance cut-off value was set at a p value of <0.05 
for all statistics.

RESULTS
The mean age of the alcohol addicted group was 43.38±10.83 and the 
mean age of the control group was 41.34±11.50. No significant difference 
was determined with regard to age and body mass index between the 
groups (p>0.05) (Table 1).

The two groups were compared with regard to gender distribution. Fifty 
(90.9%) of those in the patient group were males and 5 (9.1%) were 
females. Forty-seven (90.4%) of those in the control group were males 
and 5 (9,6%) were females. No significant difference related to gender 
distribution was determined between the groups (p>0.05) (Table 2).

The mean education duration of the patient group was 8.38 years, while 
it was 9.17 years in the control group. No significant difference was deter-
mined between the groups (p>0.05).

The two groups were compared with regard to alcohol consumption. Fif-
ty-five individuals (100%) in the patient group and 23 individuals (44.2%) 
in the control group had a history of alcohol consumption. The differ-
ence between the two groups was significant (p<0.001). The mean al-
cohol consumption during the past year was calculated as 13.63 standard 
drinks per day in the patient group and 0.75 standard drinks per day in 
the control group. The difference between the two groups was significant 
(p<0.001). Thirty-four (61.8%) of those in the patient group had a history 
of addiction treatment, and 21 (38.2%) had been admitted for addiction 
treatment for the first time. There were no participants in the control 
group with a history of alcohol addiction diagnosis/treatment.

Fifty-one (92.7%) of the participants in the patient group were smokers and 
4 (7.3%) were non-smokers. Twenty-eight (53.8%) of the participants in 
the control group were smokers and 24 (46.2%) were non-smokers. There 
was a significant difference between the two groups with regard to smoking 
(p<0.001). The mean daily cigarette smoking was 20.49±11.49 cigarettes per 
day in the patient group and 8.86±7.18 cigarettes per day in the control group. 
There was a significant difference between the two groups (p<0.001).

The mean IA score was 0.58±0.18 in the patient group and 0.71±0.16 
in the control group. There was a significant difference between the two 
groups (p<0.05) (Figure 1).
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Table 1. Age and BMI characteristics of the alcohol-addicted patients in 
comparison with those of the healthy controls

 Alcohol-addicted  Healthy control   
 patients (n=55) group (n=52) 

 Mean±SD Mean±SD p

Age 43.38±10.83 41.34±11.50 0.801

BMI 23.27±3.85 25.80±3.90 0.587

t-test. SD: standard deviation; BMI: body mass index

Table 2. Gender distribution of the alcohol-addicted patients in comparison 
with that of the healthy controls

                 Alcohol-addicted       Healthy control  
                 patients (n=55)          group (n=52) 

Gender n % n % p

Male 50 90.9 47 90.4 0.926

Female 5 9.1 5 9.6

Chi-square test



The correlation between the IA scores and AUDIT, PACS, and OCDS 
scores was evaluated. There was a negative correlation between the IA 
scores and AUDIT, PACS, and OCDS scores (correlation coefficients, 
−0.216, −0.330, and −0.216, respectively). The negative correlation with 
PACS scores was significant (p<0.05) (Table 3).

DISCUSSION
Our study based on the presumption of possible impaired IA processes 
in alcohol-addicted patients is the second study in the literature evaluating 
IA in alcohol-addicted patients based on heartbeat tracking performance. 
It was detected that compared with control subjects, IA was decreased 
among alcohol-addicted patients and there was a negative relation be-
tween PACS craving scores and heartbeat tracking performance.

There is a recent study evaluating IA based on heartbeat perception per-
formance in alcohol-addicted patients in the literature (25). In this study, 
conducted with inpatient and outpatient sober alcohol addicts under 
treatment with no control group, heartbeat tracking performance and 
tension reduction expectancies (assessed with comprehensive alcohol ex-
pectancy questionnaire) were evaluated, and the relationship between the 
measured values and OCDS scores was investigated. The researchers did 
not determine a relationship between the IA values and craving; however, 

they reported that there was a negative relationship between IA values 
and craving in patients who had high tension decrease expectancies (e.g., 
decreasing negative affects after alcohol consumption). These findings 
were suggested to support the opinion that non-emotional motivational 
processes (e.g., habits, conditioning, positive expectations about alcohol 
use) are more effective on decision-making mechanism in alcohol-addict-
ed patients with decreased IA and that decreased IA may increase the 
drinking behavior. The findings of our study support the opinion of a pos-
sible disturbed IA in alcohol addicts and that decreased IA may be related 
to cravings that lead to relapse. However, it is not possible to demonstrate 
a causative relationship with the texture and findings of our study.

IA was evaluated with only one measurement in or study. Heartbeat per-
ception is the most extensively researched aspect of IA and has been 
established as a valid indicator of substantial inter-individual differences 
(23,24). The “compatibility of counted heartbeats with recorded heart-
beats” was studied for the measurement of IA in different psychiatric dis-
orders; in addition, the relationships between psychiatric symptoms and 
the IA values and distribution differences between the patient and con-
trol groups were investigated. Individual differences in cardiac perception 
were found to be related to cognitive-emotional events, time perception, 
pain perception, anxiety levels, mood changes, emotional attention and 
memory, emotional reactivity, alexythmia, and intuitive decision-making 
(32,33,34,35,36,37,38). Changes in these processes among substance-ad-
dicted patients are emphasized (12). It was reported that the feeling of 
hunger-satiety and the perception of bodily sensations were decreased in 
patients with eating disorders and obesity and that these processes were 
related to IA (39,40). It was reported that the anxiety symptoms were 
related to increased IA in patients with panic and anxiety disorder and 
that there was a negative relationship between depressive symptoms and 
IA in depression patients (41,42,43,44). A relationship between increased 
IA and anxiety-specific arousal symptoms has been detected in individuals 
with mood disorders (45). Alexithymia, which is described as the inability 
of recognizing, identifying, and expressing emotions, has been reported 
to have a negative relationship with IA (38). The mean IA value in healthy 
participants has been reported as 0.70–0.77 in the studies conducted with 
control groups. The mean value of the control group was 0.71 in our 
study. Further studies are required for detecting the distribution of this 
value among the normal population and for detecting the difference be-
tween various patient groups and the normal distribution.

Alcohol use was present in the control group of our study, although the 
use was not compatible with the addiction criteria. No distinction was 
made in the alcohol-addicted patient group according to the duration of 
alcohol use and amount. Smoking was statistically significant higher with 
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Figure 1. IA means of the alcohol-addicted patients in comparison with those 
of the healthy controls
Mann–Whitney U test. SD: Standard deviation; IA: interoceptive awareness

Patients

1.00

0.80

0.60

0.40

IA

Controls

 Alcohol-addicted  Healthy control    
 patients (n=55) group (n=52) 

 Mean±SD Mean±SD p

IA  0.58±0.18 0.71±0.16 0.001*

Table 3. The correlation between the IA scores and AUDIT, PACS and OCDS scores

  AUDIT PACS OCDS IA

AUDIT Correlation coefficients 1.000 0.390 0.419 -0.216

 p - 0.003 0.001 0.114

PACS Correlation coefficients  1.000 0.512 -0.330

 p  - 0.000 0.014*

OCDS Correlation coefficients   1.000 -0.218

 p   - 0.109

IA Correlation coefficients    1.000

 p    -

Spearman’s correlation. AUDIT: Alcohol Use Disorders Identification Test; PACS: PENN ALCOHOL CRAVING SCALE; OCDS: Obsessive Compulsive Drinking Scale; 
IA: interoceptive awareness



the alcohol-addicted patients. No evaluation of alexithymia, which is re-
lated to IA, was made. IA measurements may have been affected by 
these parameters in our study. Depression and anxiety disorders are 
frequently observed among alcohol addicts, and it is known that there is 
a relationship between affective symptoms and IA. The depression and 
anxiety levels of the participants were not evaluated with any scale in 
our study. However, those who were detected to have depression and/
or anxiety disorder during the initial clinical evaluation or those who 
were under treatment for these reasons were excluded from the study 
at the outset. The depression and anxiety levels of the participants may 
have affected the IA measurements, although depression and/or anxiety 
disorders were not detected during the mental state examination. Al-
cohol-addicted patients were chosen among those who had been sober 
for at least two weeks. No scale evaluating the withdrawal symptoms 
was used, but patients who displayed withdrawal symptoms during the 
clinical evaluation were not included in the study. Deviations from the 
basal state in physiological and cognitive processes may continue for a 
long time after the cessation of alcohol use. Physiological distress and 
medications administered for treatment during this period may have af-
fected the IA measurements, although withdrawal symptoms were not 
detected clinically. The above-mentioned restrictions about the study 
methods may have caused some deficiencies during the interpretation 
of the results. Furthermore, physiological (e.g., blood pressure) and 
neurocognitive (e.g., attention and concentration) measurements could 
strengthen this study with regard to the evaluation of IA based on heart-
beat perception.

IA processes in substance-addicted patients is not a widely researched 
topic. Demonstration of the insula as the primary center for IA pro-
cesses, observation of changes in addiction behaviors in individuals with 
insula damage and in animal studies in which the insula is suppressed 
pharmacologically, and a number of neuroimaging studies that have 
shown insular cortex activation in association with cue reactivity and 
self-reported craving have raised the interest in this topic in the addic-
tion field (11,12). Investigation of the relationship between processes 
(e.g., craving, negative affect, anxiety sensitivity) leading to relapses and 
IA, which is described as “correct or wrong interpretation of bodily 
feelings,” may be an important field of study. It is thought that the re-
lationship between interoceptive sensations and awareness includes 
complicated physiological processes and different neuronal networks 
and brain circuits (12). Which interoceptive feelings are interpreted in-
correctly by alcohol addicts and how these processes affect the desire 
for drinking, whether there is a causative relationship between IA and 
craving or drinking behavior, whether disturbed IA is a factor causing or 
contributing to relapse, and if so, whether it is related to other factors 
are topics that should be investigated. Observational studies conducted 
with reliable, valid, self-reporting scales that could evaluate IA in differ-
ent dimensions with heart rate perception performance and that could 
evaluate the structural and functional changes in the insula are required.

The clinical significance of the study findings is that addicts with poor IA 
may benefit from therapies aimed at improving their awareness of the 
body (e.g., biological feedback educations, body-focused meditations, 
and mindfulness interventions) (12,20,46). Studies demonstrating the 
alterations in IA with awareness-based therapy applications, psychosocial 
interventions, and other relapse-preventing programs are required.
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