
SUMMARY
The aim of this study was to assess the relation between
nicotine addiction and the level of executive functions of in-
dividuals suffering from schizophrenia. 
The clinical Group I consisted of schizophrenics addicted to
nicotine (N=31), while the clinical Group II comprised non-
smoking schizophrenics (N=28). The control groups included
healthy individuals who smoke cigarettes (N=29) and healthy
non-smokers (N=30). To conduct the study, a Self-developed
Questionnaire, the Trail Making Test and the Wisconsin Card
Sorting Test were used. The nicotine addiction degree was
measured by the Fagerström Test. 
The level of executive functions of cigarette smoking schiz-
ophrenics is higher when compared to non-smoking patients
and is related to better results achieved in the Wisconsin
Card Sorting Test in terms of: the number of trials, number
of errors, percentage of correct answers, number of passed
categories. The degree of nicotine addiction in the study
group proved not to be related to the level of executive func-
tions, nevertheless, the nicotine addiction duration had 
a posi tive impact on the number of passed categories in the
Wisconsin Card Sorting Test in the group of schizophrenics.
No relation was observed between the number of hospital-
izations and gender, and the level of executive functions of
the patients. 
The level of executive functions of cigarette-smoking schiz-
ophrenics is higher when compared to non-smoking patients. 
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INTRODUCTION
Previous studies have revealed that not only do schizophrenics smoke ciga-

rettes twice more often than individuals with other mental disorders, but also that
they smoke many more of them, and the addiction strength in this group is higher
(Williams, Foulds, 2007). It is estimated that 70-90% of schizophrenics smoke
cigarettes, compared with 23-30% of smokers in the control group (Devaux,
2008; Pietras, Witusik, 2011). Obviously, schizophrenics are not the only group
of patients smoking excessive numbers of cigarettes. Clinical observations and
scientific research have demonstrated that this also applies to individuals with
depression (Breslau et al., 1993, Kendler et al., 1993). Studies conducted in psy-
chiatric hospitals revealed that schizophrenic patients smoke more than one pack
of cigarettes daily, chain-smoke and smoke each cigarette completely, right up
until they reach the filter (Williams, Ziedonis, 2004). We have to bear in mind
that the actual end of a cigarette contains harmful elements and the largest
amount of nicotine (Devaux, 2008).

Assuming that the maladaptive smoking pattern, leading to clinically signifi-
cant limitation or suffering and manifesting itself during a 12-month period with
three (or more) of the symptoms listed below, the criteria for nicotine addiction
would be as follows: 
• Nicotine tolerance; 
• State of withdrawal, manifesting itself with a characteristic nicotine withdrawal

syndrome, or taking the same or very similar substance in order to avoid with-
drawal symptoms or a relieving of them; 

• Smoking tobacco in large amounts for a period of time longer than intended;
• Constant desire or unsuccessful attempts to cut down on smoking or control it;
• Spending a lot of time trying to acquire tobacco, use tobacco or reverse its

effects; 
• Terminating, abandoning or limiting socially significant professional or leisure

activities due to nicotine abuse; 
• Continuing to smoke cigarettes despite the awareness of permanent or re-

curring physical and psychological problems, probably caused or worsened
by tobacco (after: Pietras, Witusik, 2011).
By 2000, the percentage of individuals without any mental disorders who

smoke cigarettes had decreased from 45% to a max. of 30%. However, the num-
ber of smokers among schizophrenics remains unchanged (Devaux, 2008). One
of the hypotheses explaining this state of affairs is the positive impact of nicotine
on the cognitive and emotional functioning of schizophrenics. 

It is estimated that 85-90% of patients had started smoking before they fell ill.
Apart from that, more teenagers who smoke develop schizophrenia than non-
smoking ones (Habrat, 2004). Studies confirming these results were conducted
in Israel. 14 248 men aged 18 years were observed for 4-16 years. It was re-
vealed that a man smoking 1-9 cigarettes daily had 1.4 times lower chances of
being hospitalized, and those smoking more than 10 cigarettes – 2.3 times
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(Weiser et al., 2004). This means that smoking tobacco is an early harbinger or
a risk factor in developing a psychotic episode (ibidem). 

However, in the case of non-smoking schizophrenics who had controlled their
smoking in their youth, and developed schizophrenia at an earlier age, the illness
lasted longer compared to smoking patients and former smokers with schizo-
phrenia (Habrat, 2004). 

Nicotine and the cognitive processes of schizophrenics 

Smoking cigarettes by psychiatric hospital patients has long been associated
with the boredom prevailing in hospital wards. Nonetheless, the results of a few
studies conducted in recent years have brought some inordinately/extremely in-
teresting observations. 

Some studies demonstrated that smoking cigarettes by schizophrenics has
its positive aspects. They refer inter alia to cognitive processes. For example,
the results of a study conducted by Cattapan-Ludewig et al. (2005) indicate that
schizophrenics who smoke have better cognitive functions (e.g. scope of atten-
tion, alternating attention, working memory, short-term memory, recalling) than
non-smoking patients. 

Meanwhile, a study conducted by Smith et al. (2006) revealed that nicotine
improved both attention and spatial memory of schizophrenics. The results ob-
tained by Jacobsen et al. (2004) indicate the positive impact of nicotine on op-
erational memory and attention selectivity. According to these authors, this is
due to enhanced activation and functionality of connections amongst those parts
of the brain involved in the performance of tasks. 

In turn, according to Ma et al. (2010), former smokers achieved lower results
in the Stroop Test, compared to current smokers. It is emphasized that smoking
can serve as a self-treatment of cognitive functions deficiencies, especially in
the case of a patient taking small doses of neuroleptics, or smoking an average
number of cigarettes. It decreases the productive and negative symptoms
(Bidzan, 2007a; Stahl, 2008). One of the elements of the self-treatment of cog-
nitive functions deficiencies is nicotine’s stimulation of the dopaminergic meso-
cortical pathway, something which enhances cognitive functions (Stahl, 2008).
The underactivity of this pathway is typical of schizophrenia; it can be caused
by both neurodevelopmental deficiencies, as well as, most probably, the lack of
stimulation by the glutamineric neurons of the corticospinal tract, which in turn
stimulates the mesocortical pathway (ibidem). 

The kind of neuroleptics taken by the patients also affects the number of ciga -
rettes they smoke. Classical neuroleptics were related to longer period of hospi-
talization and large numbers of cigarettes smoked (George et al., 2000). The
studies conducted in Gdańsk revealed that smokers have a need to take higher
doses of neuroleptics. However, this does not have to be connected directly with
addiction. It is clear at this stage of research that haloperidol certainly increases
the number of cigarettes smoked daily. Withdrawing it and substituting it with
clozapine decreased the number of smoked cigarettes (Bidzan, 2007b). George
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et al. (2000) also observed a decrease in the daily number of cigarettes smoked
under the impact of clozapine.

Smoking tobacco during neuroleptic treatment may be the cause of dyskine-
sia. Apart from that, smoking and taking larger doses of neuroleptics impairs
motor functions, especially in women. Nonetheless, apart from the aforemen-
tioned disorders, smoking cigarettes reduces some of the extrapyramidal symp-
toms caused by neuroleptics (Bidzan, 2007a,b, Bidzan et al. 2014). 

The substances contained in tobacco smoke cause for a quick metabolism
of antipsychotic drugs (Habrat, 2004), nevertheless, an increased dosage of 
a neuroleptic in the case of patients who smoke does not have to be related di-
rectly to smoking itself (Bidzan, 2007b). 

Executive functions of schizophrenics 

Executive functions, also called executive control functions, control the pro -
cesses responsible for forming simple notions, transforming movements into
complex activities and directing action to an aim. Executive functions are also
related to creative and abstract thinking, insight, the processes of analysing
human needs, desires and the ways of their fulfilment (Pawełczyk, Pawełczyk,
2007; Pąchalska, 2007). Executive functions allow us to set a goal we want to
achieve, to develop and implement an action plan, making it possible to achieve
our goals, correct and modify our behaviour under changing conditions, adhere
to our intentions despite distractions (ibidem). 

The most important cognitive deficiency in schizophrenia is operational memory
and executive functions disorders. This is related to anomalies in the dorsal-lateral
prefrontal cortex (Hintze et al., 2007). The study results have revealed that exec-
utive functions disorders impede planning, problem solving, decision making, ab-
stracting and the plasticity of cognitive processes (Pawełczyk, Pa wełczyk, 2007). 

The main aim of the undertaken research was to assess the relation between
nicotine addiction and the level of executive functions of schizophrenics. 

As a result of this study aim, the following research questions were posed. 
1. What is the level of executive functions of schizophrenics when compared to

healthy individuals? 
2. What is the level of the executive functions of schizophrenics who smoke ciga -

rettes when compared to non-smoking patients? 
2. Is the degree of nicotine addiction in the study groups related to executive

functions, and if so, in what way? 
3. Is there a relation, and if so, of what kind, between socio-demographic factors

(the number of hospitalizations, level of education and marital status) and 
executive functions? 

Study group 
The research projects included 118 individuals, divided into 4 study groups: 

I. a clinical group, including 31 individuals (19 men and 12 women, average age
38.22 years) with diagnosed schizophrenia, addicted to nicotine;
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II. a clinical group, including 28 individuals (10 men and 18 women, average age
40.32 years) with diagnosed schizophrenia, non-smokers; 

III. a control group, including 29 individuals (18 men and 11 women, average age
39.07 years) with no current or past psychopathological disorders, addicted
to nicotine;

IV. a control group, including 30 individuals (11 men and 19 women, average age
44.57 years) with no current or past psychopathological disorders, non-smokers. 
The average age does not differentiate the study groups in a significant way.

Similarly, gender does not differentiate in a significant way the groups of smokers
(with schizophrenia and healthy) and non-smokers (with schizophrenia and
healthy). 

The schizophrenics were patients at the Clinic for Developmental Psychiatry,
Psychotic Disorders and Old Age Psychiatry at the Medical University of Gdańsk,
T. Bilikiewicz Hospital in Gdańsk and the Psychiatric Ward at the Specialist Hos-
pital in Kościerzyna. All patients had diagnosed schizophrenia in accordance with
the ICD-10 criteria. Each patient consented to take part in the research project. 

The qualification criteria for the clinical Group I included: 
• informed consent of a patient to take part in the research project, acquired

before any actions related to the research procedure were undertaken; 
• diagnosed schizophrenia in accordance with the ICD-10 criteria;
• nicotine addiction.

The qualification criteria for the clinical Group II included:
• informed consent of a patient to take part in the research project, acquired

before any actions related to the research procedure were undertaken; 
• diagnosed schizophrenia in accordance with the ICD-10 criteria;
• lack of nicotine addiction.

Healthy individuals were qualified for the study based on a purposive sampling
including gender, age and addiction vs. lack of addiction to tobacco. 

MATERIALS AND METHODS
Every examination was preceded by a small talk, whose purpose was to de-

crease the level of anxiety experienced by the respondents. All of them were fa-
miliarised with the general aim of the study and were informed that the study
results would be used for scientific purposes only, and they all consented to those
conditions. 

Every person was examined separately; the sessions lasted from 30 minutes
to 1.5 hour. 

The following research methods were used in the study: (1) a self-developed
questionnaire, (2) Analysis of medical records, (3) the Trail Making Test, (4) the
Wisconsin Card Sorting Test, (5) the Nicotine Addiction Fagerström Test. 

The study results were analysed using the IBM SPSS Statistics 17 program.
The following statistical methods were used to calculate the results: (1) Spear-
man rho correlation analysis; (2) one-way analysis of variance (ANOVA).
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The assessment of the executive functions of schizophrenics when compared
to healthy individuals was important in terms of the research objectives, along-
side the similar assessment of the level of executive functions of smokers vs.
non-smokers in the study groups; as equally was the evaluation of the relation
of cigarette smoking and the level of executive functions. These relations were
analysed. In accordance with the recommendations of the creators of the meth-
ods used, I took into consideration the following: the number of trials, number of
errors, the number of passed categories, the number of perseveration errors and
the number of non-perseveration errors. 

The results are presented in Tables 1 to 11. Table 1 contains results concern-
ing the number of trials in the study groups, and Table 2 presents the results of
variance analysis for Groups I and II (smoking and non-smoking patients) and 3
and 4 (healthy individuals: smokers and non-smokers) and the number of trials. 

As can be concluded from Tables 1 and 2 above, healthy individuals, both
smokers and non-smokers alike, needed a smaller number of trials to complete
the task compared to both of the groups of schizophrenics. It should be pointed
out that sick smoking individuals when compared to non-smokers with schizo-
phrenia passed fewer trials in the test, which may be evidence of the better per-
formance of the task by smokers who are ill. The analysis of the one-variable
variance also proved that there exists a significant difference between the group
of ill individuals and those who are healthy (p<0.001) with regard to the number
of conducted tests. 
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For the verification of the first and the second research question, it was also
important to conduct a comparison regarding the number of committed errors.
In the following tables, the descriptive statistics for the study groups concerning
the number of errors (Table 2), and the results of inter-object effect tests regard-
ing the number of errors (Table 4), are presented. 

The analysis of one-variable variance showed a statistical significance be-
tween the group of those ill with schizophrenia and the group of healthy individ-
uals (p<0.001) also regarding the number of errors. It is equally possible to point
out that the ill individuals who smoke committed fewer errors (M=57.45) in the
Wisconsin Card Sorting Test in contrast to ill non-smoking individuals (M=64.36).
Another correlation was noticed in the control group including healthy individuals;
smoking individuals committed significantly more errors (M=38.52) than the non-
smoking ones in the study group (M=23). 

In Tables 4 and 5 are presented the statistics for the percentage of correct
answers.

Similarly to what was the case as far as the previous indicator was concerned
i.e., the number of committed errors, the analysis of the one-variable variance
showed a statistical significance between the group of those ill with schizophrenia
and the group of healthy individuals (p<0.001) with regard to the percentage of
correct answers. Healthy individuals achieved a greater percentage of correct
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Table 5. Descriptive statistics for the study groups concerning the percentage of correct answers
in the study groups 

Table 3. Descriptive statistics for the study groups concerning the number of committed errors in
the study groups 



answers compared to schizophrenics. It is possible to point out as well that not
only did those ill individuals addicted to tobacco commit fewer errors, but they also
achieved a greater percentage of correct answers (M=40.13) compared to non-
smokers with schizophrenia (M=33.72). In the case of healthy individuals, another
pattern was noticed – namely, smokers achieved a lower result in this scope.

For the aim of the study, it was also important to compare the number of
passed categories. The obtained results are shown in Tables 7 and 8.

The number of passed categories is the measure of success in the test and
depicts the study group member’s ability to discover the rules of spreading cards
as changed by the researcher (Milner and Petrides, 1984; after Pąchalska,
2007). According to some of the authors (e.g. O’Donnell et al.; 1994, after Pą -
chalska 2008; Pachalska et al., 2013), success in test performance is the result
of flexibility in the study group member’s attitudes, resilience to the frustrating
way of conducting the study, the ability to take advantage of previous expe -
riences, maintain the adopted attitude and use abstract thinking. In turn, Schuep-
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Table 6. Results of inter-object effect tests concerning the percentage of correct answers in the
study groups 

Table 7. Descriptive statistics for the study groups concerning the number of passed categories in
the study groups 

Table 8. Results of inter-object effect tests concerning the number of passed categories in the study
groups 



bach et al. (2002) emphasize that the number of correctly arranged categories
is the indicator of an ability to complete the category worked on, something that
is highly correlated, above all, with the ability to develop an action plan, include
new information and draw conclusions from previous experiences. 

As can be concluded from the Tables above, the analysis of one-variable
varia tion displayed a statistical significance between the group of those ill with
schizophrenia and the group of healthy individuals (p<0.001) with regard to the
number of passed categories. Healthy individuals passed more categories when
compared to schizophrenics. The schizophrenics addicted to tobacco passed
more categories (M=3.19) when compared to non-smokers with schizophrenia
(M=2.32). This is a correlation different than that which appeared in the group of
healthy individuals, and healthy smokers achieved a worse result (M=4.45) than
non-smokers (M=5.47) in this scope. 

In the following Tables (9 – 11), the results concerning perseveration answers
and perseveration errors are included. It should be emphasized that it is those
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Table 10. Results of inter-object effect tests concerning the number of perseveration answers in
the study groups 

Table 11. Results of inter-object effect tests concerning the number of perseveration errors in the
study groups 



very categories that many authors consider to be the most important measure-
ments in the test. 

Perseveration errors still consist in a study group member’s despite of the in-
troduction of new rules of sorting. The analysis of results concerning the number
of perseveration answers and perseveration errors indicates that, even though
smokers from both of the groups (healthy vs. ill) commit more perseveration er-
rors than healthy non-smokers, the difference in means in the group of healthy
non-smokers and smokers is however greater than the analogical difference in
the group of ill non-smokers and smokers. 

The Spearman rho correlation test was used in order to verify the research
question concerning the relation between addiction to nicotine with the level of
executive functions.

In the group of schizophrenics, no significant correlation between smoking
cigarettes and the level of executive functions was noticed. In turn, in the case
of healthy individuals, it is possible to notice that smoking has a negative impact
on the number of conducted tests (p<0.01), the number of committed errors
(p<0.05), the percentage of correct answers (p<0.05) and the number of
achieved categories (p<0.05). 

In the case of healthy individuals, there exists a correlation (at the level of
p<0.01) between the number of smoked cigarettes and the conducted tests, the
number of errors and (at the level of p<0.05) of answers and categories. The
greater the number of cigarettes smoked daily the more negative the impact on
the results achieved in these areas in the case of healthy individuals.

Likewise, there exists a correlation between the degree of addiction of healthy
individuals and the number of conducted tests (p<0.01), the number of errors,
the percentage of answers and the number of passed categories (p<0.05). The
higher the degree of addiction, the lower the level of results achieved in the scope
of the above variables. 

There exists a correlation consisting in the fact that, together with addiction
duration, the number of passed categories increases. In turn, in the case of
healthy individuals, there exist the following correlations: together with smoking
duration, the time of performing test A increases (according to norms for indivi -
duals with and without a maturity exam certificate) (p<0.05); the number of con-
ducted tests is larger (p<0.05) as well; individuals smoking for a longer time
commit more errors, their percentage of correct answers is smaller, and they
pass a smaller number of categories (p<0.05). 

The Spearman rho test was conducted for all the study groups in terms of the
evaluation of results achieved in tests measuring executive functions, taking into
consideration socio-demographic factors such as gender, education, age and
the number of children. The results of analysis regarding the studied population
of healthy individuals, smokers and non-smokers considered in its entirety are
presented in Table 12.

As can be concluded from Table 12, there exists a positive relation between
age and the norms for the general population for test A (p<0.001), the norms for
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individuals with and without a secondary school leaving exam certificate for test
A (p<0.001), and the norms for the general population for test B (p<0.001), the
raw results for test A (p<0.001) and the raw results for test B (p<0.001). A positive
relation existed between gender and the norms for the general population of test
B (p<0.004). A positive correlation with education and the percentage of correct
answers (p<0.005) and the number of passed categories (p<0.02) was observed
as well. 

A negative relation between education and the number of conducted tests
(p<0.002), errors (p<0.002), perseveration answers (p<0.047) and perseveration
errors (p<0.054) was observed as well. 

A similar analysis was conducted for the population of schizophrenics (non-
smokers and smokers), considered in its entirety. The obtained results can be
found in Table 13. 

The comparison of results in Tables 12 and 13 indicates a smaller number of
existing correlations between education, age and the number of children in the
group of patients with schizophrenia (considered in its entirety) compared to the
group of healthy individuals. Similarly to what is the case for the group of healthy
individuals, in the case of those who are ill, there exists the positive correlation
of age with the norms for the general population for test A, norms for individuals
with and without a secondary school leaving exam certificate for test A, and the
norms for individuals with and without a secondary school leaving exam certifi-
cate for test B and with the raw results for test A. Additionally, positive correlations
were observed between education and the norms for individuals with and without
a secondary school leaving exam certificate for test A and the norms for indivi -
duals with and without a secondary school leaving exam certificate for test B. 

Statistically significant are only the results (p<0.01) for healthy individuals,
and they are connected with test B/norms for individuals with and without a sec-
ondary school leaving exam certificate. Higher results in these tests were achiev -
ed by women. Statistically significant results are those regarding ill individuals
in the case of test A/norms for individuals with and without a secondary school
leaving exam certificate (p<0.01) and of test B/norms for individuals with and
without a maturity exam certificate. That means that the higher the education
level is, the more time is needed by the study group members to perform these
tests, which is indicated by the lack of such data in the subject literature. 

In turn, in the case of healthy individuals, there exists a correlation between
education and the number of conducted tests (p<0.01), the higher the education
level is, the faster study group members perform the test; they commit a smaller
number of errors (p<0.01), their percentage of correct answers is larger (p<0.05)
and they pass a greater number of categories (p<0.05). 

In the case of the ill, there exists a correlation revealed in the fact that the
older they are, the more time is needed by a study group member to perform
test A/norm for the general population (p<0.05), test A/norm for individuals with
and without a secondary school leaving exam certificate (p<0.05), test B/norm
for individuals with and without a secondary school leaving exam certificate
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(p<0.05) and test A/raw result (p<0.01). In turn, in the case of healthy individuals,
there equally exists a correlation between age (the older they are, the more time
is needed to perform a test) and test A/norm for the general population (p<0.01),
test A/norm for individuals with and without a secondary school leaving exam
certificate, test B/norm for the general population, test B/norm for individuals with
and without a secondary school leaving exam certificate (p<0.05) and the raw
results of test A and B (p<0.01). This is a pattern regarding the general popula-
tion; the older one is, the lower one’s level of cognitive and executive functions
becomes. 

As it is important for the aim of the study to concentrate on the group of schiz-
ophrenics, a correlation using the Spearman rho test regarding the number of
hospitalizations and illness duration (schizophrenia) for the entire population of
those ill was conducted. 

The analysis of the results that was conducted using the Spearman test for
the entire study group of those ill with schizophrenia indicates a positive corre-
lation between the illness duration and the number of errors (p=0.008), the per-
severation answers (p=0.023) and that of the perseveration errors committed
(p=0.015), whereas, together with illness duration, the number of errors in-
creases, as does the number of perseveration answers and that of the persevera-
tion errors committed. What was also noticed, was a negative correlation between
illness duration and the percentage of correct answers (p=0.005) as well as the
number of passed categories (p=0.032), i.e. as illness duration increases, schizo-
phrenics answer fewer questions correctly and pass fewer categories. 

Statistical analysis using the Spearman test did not produce statistically sig-
nificant results indicating the relation of the year of illness development with the
norms for the general population test A, norms for individuals with and without 
a maturity exam certificate test A, norms for the general population test A, norms
for individuals with and without a maturity exam certificate test A, the raw results
of test A, the raw results of test B, the number of conducted tests, while there
are no statistically significant correlations between the number of hospitalizations
and the variables taken into consideration (norms for the general population of
test A, norms for individuals with and without a secondary school leaving exam
certificate test A, norms for the general population of test A, norms for individuals
with and without a maturity exam certificate of test A, the raw results of test A,
the raw results of test B, the number of conducted tests, errors, perseveration
answers, perseveration errors, the percentage of correct answers and the num-
ber of passed categories). 

In Table 14, a correlation with the division into groups of individuals: non-
smokers and smokers (both with schizophrenia) is included. 

As can be concluded from the Table above, in both of the study groups differ-
ent relations exist. In the group of non-smoking schizophrenics, a positive relation
between illness duration and the number of perseveration errors (p<0.04) and
that of perseveration answers (p<0.05), which indicates that, together with illness
duration, the number of committed errors increases, was recorded. In this group,
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there exists a negative correlation between illness duration and the percentage
of correct answers (p<0.04) and the number of passed categories (p<0.05),
which indicates that, together with illness duration, the percentage of correct an-
swers and the number of passed categories decrease. 

In turn, in the group of smoking schizophrenics, there exists a statistically sig-
nificant positive relation between illness duration and the number of committed
errors (p<0.03), indicating an increase in the number of committed errors to-
gether with illness duration (a similar relation was also noticed in the group of
non-smoking schizophrenics) and a negative relation between illness duration
and the percentage of correct answers (p<0.04), indicating a decrease in the
percentage of correct answers together with illness duration (a similar correlation
related to the previous group). 

Similarly to the case of analysis for the entire group of patients with schizo-
phrenia, also in both of the subgroups of those ill (non-smokers vs. smokers)
there are no significant correlations between the number of hospitalizations and
the indicators concerning executive functions. 

There exists a correlation between illness duration (both in the case of non-
smokers vs. smokers alike) and the number of committed errors (p<0.01), the
percentage of perseveration answers, the number of committed errors (p<0.05),
the percentage of correct answers (p<0.01) and the number of passed categories
(p<0.05). The longer an individual has been ill, the worse the results they achieve
are. That is undeniably connected with the decompensation of cognitive
processes, including executive functions in the development of schizophrenics
(Kępiński, 1979; Bilikiewicz, 1998). 

There are no significant correlations between the level of executive functions
and the number of hospitalizations. This may be connected with the beneficial
impact of treatment, including pharmaceutical therapy with the use of the newest
generation of drugs slowing down deficiency signs and supporting the cognitive
functioning of ill individuals (Pietras, Wituski, 2011).
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DISCUSSION
Healthy individuals, both smokers and non-smokers, needed a smaller num-

ber of trials to complete the task, achieved a greater percentage of correct answers
and passed more categories compared to both of the groups of schizo  phrenics. This
result is not surprising, taking into consideration clinical observations and the re-
sults of studies indicating that the symptoms of schizophrenics interfere with cog-
nitive functioning; that fact is reflected in the conducted tests (Pawełczyk,
Pa wełczyk, 2007). However, important results concern differences between
schizophrenics addicted to nicotine and those who are not addicted to it.

It should be pointed out that ill individuals who smoke when compared to non-
smokers with schizophrenia passed fewer trials in the test, which may prove that
ill smokers complete the task better; they also committed fewer errors, but also
achieved a greater percentage of correct answers and passed more categories.
Another correlation was noticed in the control group including healthy individuals.
Smoking individuals committed significantly more errors than non-smoking study
group members.

This may confirm the beneficial impact of nicotine on the attention processes
of smoking patients with schizophrenia, which was the subject of papers of, inter
alia, Jacobsen et al. (2004), Cattapan-Ludewig et al. (2005), Smith et al. (2006),
and may prove a similarly beneficial impact on planning processes, which, in
turn, is confirmed by the results of studies conducted by some authors (e.g.
Everett et al., 2001). These results are confirmed by those few reports in the lit-
erature which show the specific character of influencing executive functions by
nicotine in the case of that group of ill individuals, which is revealed in, inter alia,
the committing of a smaller number of errors in the case of schizophrenics. In
the case of individuals who do not display mental disorders such as depression
or schizophrenia, the impact of nicotine on the level of executive functions is ad-
verse, something which is unanimously confirmed by researchers (Samochowiec
et al., 2001; Habrat, 2004). Deficiency of the dopaminergic mesocortical pathway,
which is caused by both neurodevelopmental deficits, and, most likely, by the
lack of stimulation of the corticospinal tract on the part of the glutaminergic neu-
rons, which stimulates the mesocortical pathway, is typical of schizophrenia
(Stahl, 2008). Nicotine, impacting this system, stimulates it, which improves cog-
nitive functions (ibidem).

Passing a larger number of categories also proves the higher level of execu-
tive functions, revealed, inter alia, in abilities connected with formulating a logical
concept, which is reflected in better planning skills. These results are in accor-
dance with the results of studies conducted by Everett et al. (2001), in which per-
forming WCST in the case of 30 patients with schizophrenia and 30 healthy
individuals was compared, and it was found that those ill, even in the period of
psychotic symptoms remission, still arrange significantly fewer categories when
compared to individuals without psychotic disorders. 
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Here, it is advisable to pay attention to those results that are different than
the ones obtained by me, and regarding the number of correctly arranged cate-
gories. In the studies conducted by Hintze et al. (2007), no differences in per-
forming WCST in the scope of the number of correct categories between a group
of patients with schizophrenia and a group of healthy individuals were discov-
ered. The authors of these studies explained this by the fact that in the case of
patients with schizophrenia, in spite of the existing dysfunctions in operational
memory and executive functions continuing in the period of symptom remission,
the effective thinking level does not have to be lowered. They pointed out that
study group members were mainly treated with the new generation of neurolep-
tics, which do not disturb cognitive functions, and even result in their improve-
ment, especially in the case of individuals with a short illness duration, which
may be the main cause of achieving such good results within the scope of effec-
tive thinking for those patients who were members of the study groups.

The results obtained by Hintze et al. (2007) correspond with the studies of
other authors who point out the beneficial impact of atypical neuroleptics on oper-
ational memory and executive functions (inter alia, Meltzer, McGurk, 1999; Ry-
bakowski, Borkowska, 2001; Borkowska et al., 2003; Harvey et al., 2004; Rybakow-
ski, 2010). Admittedly, individuals who smoke from both of the groups (healthy
vs. ill) commit more perseveration errors than healthy non-smoking individuals,
however, the difference between the means in the group of healthy individuals
(non-smoking and smoking) is greater than the analogical difference in the group
of sick individuals (non-smoking and smoking). 

It is assumed that the most difficult part of WCST is the principle of classifica-
tion by colours, whilst the rule of classification by number makes one persevere
the most, and continue to spread the cards even though the rule itself is no longer
valid (Granat, Berg 1948, quoting Steuden, 1992). The assessment of persever-
ation errors may be very difficult and controversial (cf. Flashman, Horner, Freides
1991, quoting Steuden, 1992). It is worth emphasizing that for the assessment
of test performance, two different definitions of perseveration: constant perse-
veration and irregular perseveration, are of importance. Constant perseveration
should be understood as continuing any free, but nonsensical in a given situation,
activity. This activity is, therefore, an expression of inflexibility, helplessness and
resistance to change. Irregular perseveration, in turn, is interpreted as a period-
ical (nonsensical) return to an activity (Steuden, 1992). 

Perseveration errors are the characteristic symptom of schizophrenics. In the
study by Everett et al. (2001), in the schizophrenics population in the remission
period a greater tendency of perseveration is still existing, including the inflexi-
bility of reactions, thinking and behaviour. The patients with schizophrenia also
presented the lowered level of conceptual thinking skills. In different studies,
schizophrenics also achieved results significantly lower than those of healthy in-
dividuals. Not only did they arrange significantly fewer categories in WCST, but
also committed nearly twice as many perseveration errors when compared to
healthy individuals (Hughes et al., 1993). Keri et al. (2001) in a study using

Bidzan, Executive functions of schizophrenics

287



WCST conducted on schizophrenics after 6 months of treatment also found out
that patients achieved results better than previously, however, this test was still
performed less perfectly by them than by healthy individuals. 

In the group of schizophrenics, insignificant correlations between smoking
cigarettes and the level of executive functions were observed. In turn, in healthy
individuals it is possible to observe that smoking has a negative impact on the
number of conducted tests (p<0.01), the number of committed errors (p<0.05),
the percentage of correct answers (p<0.05) and the number of achieved cate-
gories (p<0.05). Thus-far, results concerning the impact of nicotine on individuals
without mental disorders confirm the obtained result.

There exists a correlation between illness duration (both in the case of indi-
viduals who smoke, and non-smokers) and the number of committed errors, the
percentage of perseveration answers, the number of committed errors, the per-
centage of correct answers and the number of passed categories. The longer
an individual has been ill, the worse results they achieve. This is undeniably con-
nected with the deterioration of cognitive processes, including executive func-
tions in the development of schizophrenics (Kępiński, 1979; Bilikiewicz, 1998).
Similarly to the case for the analysis for the entire group of patients with schizo-
phrenia, equally in both of the subgroups of patients (non-smoking vs. smoking)
there are no significant correlations between the number of hospitalizations and
the indications concerning executive functions. Also in the studies conducted by
Hintze et al (2007) there are no statistically significant correlations with the num-
ber of hospitalizations and the performance of the Wisconsin Card Sorting Test.
This may be connected with the positive impact of treatment, including pharma-
ceutical therapy, using the newest generation of drugs influencing a slowing
down in the deficiency signs and supporting the cognitive functioning of ill indi-
viduals (Pietras & Wituski, 2011).

In future studies, one should take into consideration the type of dosage of
neu roleptics taken now and previously for schizophrenics, co-morbidities, and
also analyze the factors and the main sources of social support.

It is of value to incorporate in studies a larger number of individuals diverse
in terms of additional sociodemographic variables, (ones not taken into consid-
eration by me), e.g., place of residence, being employed or unemployed. I am
also of the opinion that it would be good to use a greater number of methods to
study executive functions. 

The results obtained may also constitute a ‘voice’ in supporting psychiatrists
within the national health service and other specialists working with schizophren-
ics to exclude psychiatric hospitals from the compulsory implementation of the
Law on the Protection of Public Health Against the Effects of Tobacco Use (Jour-
nal of Laws, issue 81, position 529) of 14 May, 2010, which, although I am
against smoking cigarettes, has caused a lot of harm to patients with schizo-
phrenia and should be modified, excluding health care facilities from a ban on
smoking as far as ill individuals with schizophrenia and depression are con-
cerned. As it is mentioned in the theoretical part of this paper, there is evidence
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of the therapeutic properties of nicotine through impacting disordered neuro-
transmitting systems: dopaminergic, serotoninergic and glutaminergic.

CONCLUSIONS
It was found that the level of executive functions in the case of schizophrenics

who smoke cigarettes is higher when compared to non-smoking patients, and
refers to the better results achieved on the Winconsin Card Sorting Test in: the
number of conducted tests, the number of committed errors, the percentage of
correct answers and the number of passed categories. The degree of addiction
to nicotine in the study groups does not show a relation with the level of executive
functions, however, nicotine-addiction duration has a beneficial impact on the
number of passed categories in the Winconsin Card Sorting Test. No relation
between the number of hospitalizations, gender and the level of executive func-
tions of ill individuals was observed. Individuals who have had schizophrenics
for a longer time commit a greater number of errors, including perseveration er-
rors, provide a smaller percentage of correct answers and pass fewer categories.
The older one is, the longer the time needed to solve the Trail Making Test A and
B is. The research conducted by me was not large-scale. However, it has brought
results which have confirmed, as yet scarce both in the Polish and foreign subject
literature alike, reports about the beneficial impact of nicotine on executive func-
tions in the case of the patients with schizophrenics. 
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