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Abstract

In this study, it is aimed to compare the executive functioning and problem solving styles of relapsed alcohol-
dependent and protracted sober patients and to evaluate the potential clinical factors that act on the duration of
sobriety. Fifty-six male patients meeting the DSM-IV alcohol dependence criteria included in the study. All patients
were in sobriety period, classified as 32 of them in acute sobriety (relapsed after a maximum period of 6 months
sobriety and just completed 3 weeks of detoxification) and 24 of them as protracted sobriety group (sober for a
minimum period of 12 months). To evaluate the executive functions and problem solving styles Stroop test, Hanoi
Tower Test and Problem Solving Inventory were applied. No significant differences found between two groups
regarding executive functions. The protracted sobers were found to use “reflective” and “planfulness” styles more
than the relapsed group. There was not any correlation between executive function and cumulative drinking, length
of sobriety, educational status, age, alcohol dependency in the family, duration of illness, the amount of daily
drinking, and amount of hospitalization. It is concluded that problem solving styles may play a role in staying sober
as the “reflective” and “planfulness” styles were being used significantly more in the protracted sober group.
Executive functioning which had been shown to be distorted in alcohol-dependent patients did not differ in relapsed
and protracted sobriety. Further studies are needed to receive these results to be a determinant in the duration of
sobriety.
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Introduction
Alcohol dependence is associated with neurocognitive deficits

related to pathological changes in structure, metabolism, and function
of the brain [1,2]. Researchers suggest that 33-50% percent of people
with alcohol use disorders exhibit detectable cognitive or motor
impairments [3]. Studies in alcohol-dependent subjects usually show
impairments in attention, memory, learning, visuospatial and
language skills, psychomotor speed, new learning and memory,
executive functioning, and emotional adjustment and affect processing
[4,5]. In a recent study duration of heavy drinking and total period of
abstinence were found to be the best predictors of cognitive and
emotional function in alcoholism [6].

Although it is reported that skills like visuospatial learning, short
term and declarative memory, response inhibition, learning, primary
motor skills, perception and decision making are impaired in alcohol-
dependent subjects; it is not clear that how and when the impairment
begins [2,7]. Crews et al. have stated that progressive changes in
neuropsychological function may be related to alterations in gene
expression, neuronal remodeling, and neurotoxicity [8]. These
changes may play a role in the cognitive impairment during the
alcoholism process.

Problem solving is an executive function that is impaired in
alcohol-dependent subjects [9]. Problem solving function may be
considered as an important factor in achieving remission and relapse

prevention. According to D'Zurilla et al., individuals can be classified
according to whether they have a “positive” or “negative” orientation
towards problems and by their primary social problem solving style,
with the three most common problem-solving styles being a “rational
approach” to problems, an “impulsive-careless” style, or “problem
avoidance” style [10]. A number of researches examining problem-
solving have utilized the Problem Solving Inventory (PSI) of Heppner
et al. [11] which is one of the most widely used self-report measures of
applied problem solving. The initial factor analysis of the PSI revealed
three factors: (a) problem-solving confidence, (b) approach-avoidance
style, and (c) personal control. People who perceive themselves as
effective problem solvers (having confidence and personal control,
approaching problems; having low PSI scores) differ significantly from
those who perceive themselves as ineffective (lacking confidence and
personal control, avoiding problems; having high PSI scores) on a
range of cognitive, affective, and behavioral variables [12].
Maladaptive problem solving exists when individuals have a negative
problem orientation such as impulsive-careless or avoidant styles [10].
Maladaptive social problem solving has found to be associated with
alcohol and other substances related problems [13]. Several studies
have identified significant relationships between impulsive/careless
and avoidant styles and alcohol related disorders among high school
and college students [14]. Demirbas et al. reported increased rates of
avoidant, self-confidence and impulsive thinking styles in alcohol-
dependent subjects [15]. Previous researchers suggest that
interventions that enhance problem solving may hold promise for
reducing risk for alcohol related problems [9,16].
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This study aims to compare the executive functions and problem
solving styles in relapsed and protracted sober patients with a
diagnosis of alcohol dependence and to explore the possible factors
that act on length of sobriety.

Methods

Subject selection
A total of 56 patients being treated at the Gazi University Psychiatry

Clinic, Alcohol and Substance Abuse Treatment Unit in Turkey were
included in the study. All patients met DSM-IV criteria for alcohol
dependence and were screened for the presence of Axis I psychiatric
disorders using the Mini International Neuropsychiatric Interview-
Plus [17]. Approval had received from Gazi University local ethic
board and written consents obtained from the subjects. All 56 patients
accepted to participate.

Study included 18-65 aged male patients meeting DSM-IV criteria
for alcohol dependence. Exclusion criteria were being diagnosed with
substance abuse other than alcohol and nicotine, having clinically
significant cognitive deficits or comorbid major psychiatric disorder
like schizophrenia, bipolar disorder, mood disorder, dementia, other
organic mental disorders and alcohol-induced amnestic syndrome and
sobriety duration less than 3 weeks.

Procedure
Drinking status was assessed in terms of “protracted sobriety” and

“relapse”. Relapse was defined as consumption of any alcohol on at
least three consecutive days. Drinking below this measure was defined
as “laps”. Protracted sobriety was defined as the absence of alcohol use
without lapses during the last 12 months. Relapse group was taken into
the study after a three-week detoxification treatment.

Instruments
All subjects were given a self-report questionnaire form and asked

about their sociodemographic characteristics, age of first drink, age of
regular alcohol use, the duration of the longest period of sobriety,
family history of alcoholism and psychiatric disorders. Daily amount
of alcohol consumption and the lifetime cumulative amount of alcohol
intake of each patient has calculated with the equation suggested by
Gul et al. [18].

F = 0.05B + 0.12W + 0.45S

f: daily amount of alcohol use

B group drinks (beer): with 5% alcohol inside

W group drinks (wine): with 12% alcohol inside

S group drinks (containing high alcohol): with 40% alcohol inside

For determining the executive functions and problem solving
functions, Stroop Test, Tower of Hanoi Test and Problem Solving
Inventory has been used.

Stroop test:
Developed by Stroop at 1935. It states the ability of an individual to

change the perceptive configuration under the changing demands and
a distorting affect, to suppress a habitual behavior pattern and to

present unusual behavior [19]. In this study TBAG form of Stroop test
was used [20].

Tower of Hanoi test
Tower of Hanoi is a test evaluating the prefrontal cortex functions

and it is especially useful in the evaluation of problem solving. It was
developed by Simon [21]. Successful task performance requires that
individuals plan their moves to achieve the goal state and restrict the
tendency to focus on short-term goals. Five disc systems are
commonly used as a hard test in the normal population. In this study,
4 disc and wooden version of the test was used. Rating techniques
differ in different studies. In this study, it is expected that the test
should end at minimum 15 moves with 4 discs. More than 45 moves
are accepted as a failure.

Problem solving inventory
Developed by Heppner and Peterson in 1982 [11]. It is a self-report

inventory that the individual evaluated himself for his problem solving
styles. It is applicable on adolescents and adults. For every item,
patient is asked how frequent he/she behaves like indicated in the test.
The PSI is designed to assess an individual’s perception of problem
solving skill and not actual problem solving skills. The PSI consists of
35 statements. For each statement, respondents use a 6 point scale with
statement (1=strongly agree, 6=strongly disagree). The total score
range is 32 to 198. Low scores represent positive appraisals of problem
solving ability. Fifteen items are negatively worded and require reserve
scoring. Sahin et al. study examined the psychometric properties of the
PSI in a Turkish cultural context, specifically with regard to normative,
reliability, and validity data [22]. Although the original PSI is consisted
of three factors; problem solving confidence, approach avoidance and
personal control, the Turkish version of the PSI consist of six factors;
impulsive style, reflective style, problem-solving confidence, avoidant
style, monitoring, planfulness [22].

First of the six factors was composed of nine items. Four of the five
items from the original Personal Control factor, and five items from
the original Approach-Avoidance factor. This factor reflected an
Impulsive Style of problem solving and was labeled as such. An
example item is “When confronted with a problem, I tend to do the
first thing that I can think of to solve it.” The second, fourth, and fifth
factors consisted of items primarily from the original Approach-
Avoidance factor. The second factor consisted of five items seemed to
reflect a reasonable or reflective style of problem solving, and was
labeled Reflective Style. An example is, “When making a decision, I
weigh the consequences of each alternative and compare them against
each other.” The fourth factor consisted of four items seemed to reflect
avoidant strategies, and was labeled Avoidant Style. An example is
“When a solution to a problem was unsuccessful, I do not examine
why it did not work.” The fifth factor consisted of three items and was
labeled Monitoring. An example is “After I have tried to solve a
problem with a certain course of action, I take time and compare the
actual outcomes to what I thought should have happened.” The third
factor consisted of six items and was named Problem-Solving
Confidence. An example is “When faced with a novel situation, I have
confidence that I can handle problems that may arise.” The sixth factor
consisted of four items and was labeled Planfulness. An example is “I
make decisions, and I am happy with them later.”

The factor loadings of the six-factor solution ranged from .43 to .77.
The alphas coefficients for the six factors were .78, .76, .74, .69, .64,
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and .59, respectively. The interscale correlations ranged from 0.09 to
0.51. Thus, the six new factors seem to be internally consistent and are
sufficiently different to warrant separate scales [22].

Statistical analysis
Data was evaluated with SPSS 11.0. Frequency test was used for the

range of the sociodemographic characteristics. To compare the
sociodemographic characteristics of the short and protracted sober
groups Yates chi square and Fisher Exact Test, to compare the clinical
variables Mann-Whitney U test were used. Pearson correlation
analysis was used to determine the level and the direction of the
correlation between clinical variables and Stroop and Hanoi tower test
performances. p values smaller than 0.05 are accepted as statistically
significant.

Results
Fifty-six male patients included in the study. Patients were divided

into two groups according to their drinking status. First group
consisted of relapsed patients after less than 6 months of sobriety, and
the second group is long-term sobers with more than 1 years of
sobriety. Relapsed subjects were 32 in number (57%) and protracted
sobers were 24 (42%). Age distributions, educational level,
occupational and marital status of the groups were not significantly
different. The interval of sobriety ranged from 21 to 30 days with a
mean of 26.2 ± 3.23 days for the relapsed group as they were recruited
in the study after 3 weeks detoxification period. For the protracted
sobriety group, the mean duration of sobriety was 1203.5 ± 1102.5
days (Table 1).

Relapsers Protracted sobers p value

Mean age (years) 43.75 ± 9.07 46.50 ± 6.88 p=0.15

Chronicity of alcoholism (years) 15.06 ± 8.02 18.46 ± 8.61 p=0.070

Age of first alcohol intake (years) 1.75 ± 4.50 15.75 ± 5.08 p=0.868

Age of regular alcohol consumption(years) 26.28 ± 8.13 24.17 ± 5.74 p=0.539

Daily alcohol consumption (grams) 233.0 ± 74.02 333.96 ± 183.51 p=0.051

Cumulative alcohol consumption (kg) 1444.60 ± 867.79 2241.71 ±1307.29 p=0.030*

Cigarette smoking (packets/day x year) 30.81 ± 14.21 36.33 ± 19.7 p=0.312

Table 1: Drinking state of the relapsers and protracted sobers.

Note: Values are (mean ± standard deviation).
* Mann-Whitney U. Significantly different between groups, p<0.05

There was no significant difference between relapsed and long-term
sober groups for the average age of first use of alcohol and the average
age at which the patient begin to drink regularly. Difference in average
amount of alcohol consumed in a day were quite close to be significant
for the two groups (p=0.051). Cumulative quantity of alcohol
consumption differed significantly 1444.6 ± 867.8 kilograms and
2241.7 ± 1307.3 kilograms in relapsed and protracted sober groups,
respectively (p=0.03). Chronicity of alcohol-dependency did not differ
between groups with a mean duration of 15.06 ± 8.02 and 18.46 ±
8.61years in relapsed and protracted sober groups, respectively
(p=0.07).

Mean scores in the reflective and planfulness styles subscales of PSI
were significantly lower for protracted sober group (p:0.043 and p:
0,026, respectively). Higher scores indicate negative perceptions of
one's problem-solving ability, indicating reflective and planfulness
styles were perceived to be utilized more by long term sobers. Mean
scores of PSI subscales of the groups are given on Table 2.

Relapsers Protracted
sobers

p value

Avoidant style 4.38 ± 1.27 4.50 ± 1.24 p=0.745

Impulsive style 3.41 ± 1.10 3.47 ± 1.11 p=0.765

Reflective style 2.77 ± 1,13 2.16 ± 0.91 p=0.043*

Monitoring style 2.49 ± 1.26 2.37 ± 1,26 p=0.719

Problem solving
confidence style

2.61 ± 0.74 2.60 ± 0.82 p=0.967

Planfulness style 2.72 ± 1.21 2.04 ± 0.87 p=0.026*

Table 2: Mean scores of PSI subscales

Note: Values are (mean ± standard deviation)
* Significantly different between groups, p<0.05

When compared for executive functions, no significant difference
was found between two groups for Stroop Test performances. Pearson
correlation test which was used to compare the Stroop Test
performances with age and cumulative drinking did not show any
significance either.

Majority, 66.1% (n=37) of the patients completed the Tower of
Hanoi Test at their first try, and 26.8% (n=15) of the patients
completed the same test at their second try. Four of the patients (7.1%)
could not complete the Tower of Hanoi Test. No significant difference
was found between the Tower of Hanoi Test measures (number of
total moves, illegal moves, total test time and duration of thinking
before the first move) between relapsed and protracted sober groups.
Measures related to Tower of Hanoi Test are given on Table 3.

Relapsers Protracted sobers p value
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1st try 2nd try 1st try 2nd try Compar
ison of
1st tries

Comparis
on of 2nd
tries

Total
moves

16.33 ±
7.98

16.73 ±
9.23

19 ± 7.99 19 ± 8.87 0.330 0.601

Time to
first
move
(second
)

9.83 ±
13.72

3.64 ±
4.67

6.21 ± 4.01 3.5 ± 1.91 0.256 0.458

Total
time to
complet
e test
(second
)

140.78
± 84.37

133.27 ±
60.83

139.52 ±
59.97

156.25 ±
49.32

0.693 0.513

Number
of
illegal
moves

3.22 ±
2.92

1.90 ±
1.30

2.21 ± 2.04 1.25 ± 1.50 0.362 0.422

Table 3: Tower of Hanoi measures of relapsers and protracted sobers

Note: Values are (mean ± standard deviation)

* Significantly different between groups, p 0.05

There was no correlation with the Pearson correlation test between
Stroop and Hanoi tests and age, education level, amount of daily or
cumulative alcohol consumption, length of sobriety, family history of
alcoholism and the number of hospitalizations.

Discussion
Alcohol dependence is a relapsing-remitting disorder. The aim of

the treatment is to achieve remission, prolong the remission time and
prevent relapses. Previous studies reported that the effective problem-
solving skills can reduce lifetime alcohol use [9,10,23].

The results of the study indicate that subjects who perceived their
problem solving style as less planful and less reflective were at greater
risk to relapse compared to the ones who did not perceive their ways
of problem solving as such. There was no difference observed in
problem solving confidence, monitoring, impulsive and avoidant
styles with relapse risk. According to these findings, it can be said that
active involvement in problem solving is a predictor of a successful
outcome. The reflective style subscale includes items that reflect a
rational style of problem solving, such as, “I try to predict the outcome
of the solution plan before I take action.” Alcohol dependent patients
who perceived their problem solving style as less reflective and less
planfulness were at a greater risk of relapse. Thus, it can be suggested
that remitters insist more on developing alternatives of possible
solutions in a problem situation. On the other hand, two different
studies found no correlation between relapse, sobriety period and
problem solving styles [15,24]. Further studies seem to be needed to
accept the problem solving styles as a remission-relapse deterministic
component.

There was not any correlation between executive function and the
cumulative amount of alcohol consumption, length of sobriety,
educational status, age, history of alcohol dependency in family,
duration of alcohol dependency, amount of daily alcohol intake and
numbers of previous hospitalizations. Significant impairment across

various cognitive functions reported remaining stable during the first
year of abstinence from alcohol. Generally, dysfunction abates after
one year of sobriety.

It is a momentous question that when, how and in what way the
cognitive defects differ in alcohol-dependent patients. Stroop test is
being widely used to determine the cognitive abilities in alcohol-
dependent patients. In the literature, the comparison studies of the
alcohol-dependent patients with social drinkers and the heavy
drinkers with mild drinkers show significant Stroop test performance
differences [25]. Previous investigations of executive function in
alcohol dependent subjects and social drinkers have not always
produced consistent results [26]. There is a lack of agreement on rates
of recovery on cognitive functions by abstinence [27]. The recovery of
cognitive skills was found to depend on the length of abstinence.
Brandt et al reported that psychomotor skills and short-term memory
improved significantly with prolonged abstinence, long-term memory
was impaired even after seven years of continuous sobriety [28].

In the literature, there is not always a relation between sobriety
period and neurocognitive test performances [29-31]. In our study, no
significance found between the relapsed and protracted sober groups
for the Stroop test performances. This result is similar with the
literature and points out the irreversibility of the Stroop test
performance which is thought to be distorted in alcohol-dependent
patients [32].

Recently, for a superior evaluation of the executive functions like
problem solving and achieving target, tower tests were recommended
[33]. It is suggested that the tests evaluating the executive functions
which are dynamic and functional should be well designed and
effective at the psychological processes like the usage of the planning
strategies and problem solving [34]. Tower tests are thought to include
the ability to attempt focused target behaviour, develop strategic
sequential planning and application [35]. In the literature tower tests
were not used frequently to evaluate the executive functions in
alcohol-dependent patients.

London Tower test was used to determine the planning and
working memory functions of the Korsakoff and non-Korsakoff
alcoholics, and it was seen that the Korsakoff group alcoholics had
worse performances than the non-Korsakoff group and the non-
Korsakoff group had worse performances than the non-alcoholic
group [36]. Many studies have shown that recently detoxified alcoholic
persons perform poorly on tasks thought to be sensitive to frontal lobe
damage, supporting the hypothesis that the frontal lobes are highly
vulnerable to chronic alcohol consumption. However, it appeared that
most of the executive tasks used in these studies also involved
nonexecutive components and these tasks had been shown to be
impaired as a result of non-frontal lobe lesions. Results of Noel et al.
study suggested that alcoholics performed worse than controls in
almost all tasks assessing executive functions. However, their mean
processing speeds a nonexecutive functioning were found to be
normal. Their data support the idea that the cognitive deficits in
recently detoxified sober alcohol-dependent subjects are due, at least
partly, to frontal lobe dysfunction. The results of the Hanoi Tower test
used in our study support the literature and the performances of the
Hanoi Tower and the Stroop test were similar in relapsed and sober
groups. In prospective studies, 6-month sobriety period found to be
long enough for abstainers’ executive performances to return to
normal [30,37]. Normalization by sobriety suggests that executive
impairments should not be viewed as a premorbid risk factor for
becoming an alcohol-dependent but rather as the consequences of the
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neurotoxic effects of alcohol on the cognition. It was also shown that
the preexisting executive impairment of relapser’s increased, even with
only limited drinking resumption [30].

As for problem solving modalities and the test performances, there
is no correlation between the Stroop Test and problem solving style.
There is a correlation between the illegal move number in the Hanoi
Tower test and impulsive style of problem solving styles. This means
an impulsive person moves without thinking if the move is valid or
not. In the correlation analysis between Stroop and Hanoi Tower test
by dividing the problem solving styles to two (intended to harmonize,
not intended to harmonise), we did not find any correlation.

This study has some limitations. As our study has no control group,
the difference between alcohol-dependent patients and the normal
group has not mentioned. As this is not a prospective study, it is also
possible that the participants may have differences in their prefrontal
cortical functioning, and thus executive functions, prior to the onset of
alcohol dependency. The protracted sober group was chosen from
patients attending the group therapy sessions of our clinic; therefore it
is unclear that this situation may have any effect on the nature of
sobriety.

Conclusion
It is concluded that problem solving styles may play a role in staying

sober as the “reflective” and “planfulness” styles were being used
significantly more in the protracted sober group. Executive
functioning which had been shown to be distorted in alcohol-
dependent patients did not differ in relapsed and protracted sobriety.
Further studies are needed to accept these results to be a determinant
in the duration of sobriety.
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