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Abstract 

Attention dysfunction is a hallmark of schizophrenia, a disorder in which smoking 

prevalence is double that of the general population. The main interest of this dissertation was 

in using behavioural performance (accuracy, reaction time or RT) and brain event-related 

potential (ERP) measures to examine the processing of distracting events in schizophrenic 

patients and control subjects, and to assess the effects of acute nicotine on this processing. 

This was accomplished in three experiments by comparing 12 minimally-tobacco-deprived 

control smokers with 12 outpatient smokers, the latter being assessed under double-blind, 

placebo-controlled (vs. nicotine) conditions. Experiment 1 used a passive, non-task paradigm 

to examine the mismatch negativity (MMN) ERP component, an index of early auditory 

deviance detection. Patients exhibited reduced MMNs to frequency and duration deviants 

compared to controls, and nicotine increased patients' duration MMN to a level comparable 

to that seen in controls. Experiment 2 used a novel auditory-auditory distraction paradigm 

that embeds task-irrelevant deviant features within task-related stimuli requiring location 

discrimination. Deviants caused RTs to be prolonged in patients and controls. Patients' MMN 

did not differ from controls' but attentional switching, reflected in the P3a ERP, was 

attenuated in patients. Nicotine increased patients' MMN to small deviants such that it was no 

longer smaller than the MMN to large deviants. Experiment 3 used an auditory-visual 

distractor paradigm requiring participants to discriminate visual letters vs. numbers preceded 

by task-irrelevant auditory stimuli of standard and deviant frequencies. Reaction times were 

prolonged by deviants in patients and controls and the MMN of patients to small deviants 

was diminished. Nicotine increased the MMN to small deviants and reduced RT prolongation 

and the involuntary attentional switching indexed by the P3a ERP associated with large 

deviants. Overall, these experiments demonstrated that nicotine can reduce distractibility and 

can normalize aberrant neural processing of distracting events in schizophrenic patients. 



Nicotine and schizophrenia iii 

Dedication and Acknowledgements 

I dedicate this thesis to my brother, Pierre Dulude, whose brilliant legal career was destroyed 

by schizophrenia when he was in his early thirties. In the thirty years that followed this 

diagnosis, Pierre has never been able to return to his beloved field of law. In spite of all the 

catastrophes he has endured, he is one of the kindest and most cheerful people I know. I have 

sometimes seen him sad, but I have never seen him bitter. He is my close friend and one of 

my heroes. I wish he could break his addiction to nicotine. 

I owe deep thanks to the members of my thesis committee, Drs. Ken Campbell, Helene 

Plamondon and Bob Stelmack. All three have been my teachers and mentors over many 

years and were there for me whenever I asked for their help. In particular, I am profoundly 

grateful to Dr. Ken Campbell, who put his encyclopedic knowledge at my disposal. 

Finally but not least, I thank my thesis advisor, Dr. Verner Knott. He took me on as a student 

even though my background in the sciences was much weaker than that of many other 

applicants. He fostered a congenial and egalitarian atmosphere in our lab at the Royal Ottawa 

Hospital in which there are no stupid questions and everyone helps everyone else. In the 

many jobs I have held in my life, I have rarely seen such a happy workplace. Most of all, Dr. 

Knott himself was always available, and very patient with this oldest and slowest of his 

students. 

Special thanks also to all those who participated in my experiments, and of course to my 

ever-supportive husband, Leonard Shifrin. 



Nicotine and schizophrenia iv 

TABLE OF CONTENTS 

Abstract ii 

Dedication and Acknowledgements iii 

List of Tables vii 

List of Figures ix 

1.0. GENERAL INTRODUCTION 

1.1 Introduction to Schizophrenia 1 

1.2 Schizophrenia: Symptoms, Course and Causes 2 

1.3 Neuropathology and Treatment of Schizophrenia 5 

1.4 Cognitive Deficits in Schizophrenia 12 

1.5 Nicotine, Attention and Schizophrenia 21 

1.6 Event Potentials, Attentional Orienting and Schizophrenia 33 

1.7 Summary of Introduction and Thesis Direction 55 

2.0 EXPERIMENT 1: MMNs to Duration and Frequency Deviants 60 

2.1 Method 

2.1.1 Participants 66 

2.1.2 General Procedure 68 

2.1.3 Nicotine and Placebo Administration 68 

2.1.4 Stimuli .' 69 

2.1.5 EEG Recording 70 

2.1.6 Smoking Withdrawal Ratings 71 

2.1.7 Analysis 71 

2.2 Results 

2.2.1 Participant Characteristics 72 

2.2.2 EEG Measures - General 74 

2.2.3 Nl and MMN in Frequency Paradigm 76 

2.2.4 Nl and MMN in Duration Paradigm 78 

2.2.5 Comparison of Duration and Frequency MMNs 78 

2.2.6 Correlations MMM, PANSS, TWSC and Medication 79 

2.3 Discussion 79 

2.4 Limitations and Conclusion of Experiment 1 88 



Nicotine and schizophrenia v 

3.0 EXPERIMENT 2: Auditory-Auditory Distraction Paradigm 90 

3.0.1 Attention Dysfunctions in Schizophrenia 90 

3.0.2 Mismatch Negativity and the Naatanen Model 92 

3.0.3 Schroger and Wolffs Theories of Attention Orienting and Reorienting 93 

3.0.4 Schroger's Auditory Distraction Paradigm 95 

3.0.5 Distraction-Related ERPs and Schizophrenia 97 

3.0.6 Distraction-Related ERPs, Schizophrenia and Nicotine 99 

3.0.7 Objectives and Hypotheses 100 

3.1 Method 

3.1.1 Participants 102 

3.1.2 General Procedure 102 

3.1.3 Nicotine and Placebo Administration 103 

3.1.4 Stimulus Paradigm 104 

3.1.5 EEG Recording and Measures 104 

3.1.6 Behavioural Measures 106 

3.1.7 Smoking Withdrawal Ratings 106 

3.1.8. Analysis 106 

3.2 Results 

3.2.1 Participant Characteristics ; 107 

3.2.2 Behavioural Performance 109 

3.2.3 EEG Results - General 110 

3.2.4 Nl 110 

3.2.5 MMN 112 

3.2.6 P3a 113 

3.2.7 RON 115 

3.2.8 Correlations 116 

3.3 Discussion 117 

3.4 Limitations and Conclusion of Experiment 2 129 



Nicotine and schizophrenia vi 

4.0 EXPERIMENT 3: Auditory-Visual Distraction Paradigm 130 

4.0.1 Auditory-Visual Distraction Paradigm 130 

4.1 Method 

4.1.1 Participants 132 

4.1.2 General Procedure 133 

4.1.3 Nicotine and Placebo Administration 133 

4.1.4 Stimulus Paradigm 134 

4.1.5 EEG Recording and Measures 135 

4.1.6 Behavioural Measures 136 

4.1.7 Smoking Withdrawal Ratings 137 

4.1.8 Analysis 137 

4.2 Results 

4.2.1 Participant Characteristics 138 

4.2.2 Behavioural Performance 139 

4.2.3 EEG Results - General 140 

4.2.4 Nl 143 

4.2.5 MMN 143 

4.2.6 P3a 145 

4.2.7 RON : 146 

4.2.8 Correlations 146 

4.3 Discussion 148 

5.0 SUMMARY AND CONCLUSION 157 

REFERENCES 163 

APPENDICES 217 



Nicotine and schizophrenia vii 

LIST OF TABLES 

1. Main neurological abnormalities in schizophrenia and their correlates 7 

2. Antipsychotic drugs and their effects 12 

3. Results of placebo-controlled tests of the enhancing effects of nicotine/smoking 

on cognitive functioning in healthy and schizophrenic subjects 30 

4. Effects of schizophrenia on ERP components involved in orienting-reorienting 39 

5. MMN duration-deviant studies in schizophrenia 45 

6 MMN frequency-deviant studies in schizophrenia 46 

7. Effects of nicotine/smoking on orienting-reorienting-related ERPs 56 

8. Mean (SE) characteristics of schizophrenic patients and control participants. 73 

9. Mean (SE) trials per average ERP to standard and deviant stimuli 74 

10. Mean (SE) N100 amplitudes and latencies at Fz to standard stimuli in frequency 

and duration paradigms 77 

11. MMN (SE) amplitudes and latencies to frequency and duration deviants 77 

12. Means (SE) of characteristics of patients and control participants 108 

13. Mean reaction time and hit rates to standard stimuli and to small-deviant and 

large-deviant stimuli 109 

14. Mean (SE) trials per average ERP to standard and deviant stimuli 110 

15. Mean (SE) Nl amplitude and latencies at Fz to standard stimuli 112 

16. Mean (SE) MMN amplitudes and latencies at Fz to small- and large-deviant 

stimuli, with significance of MMN amplitudes compared with zero baseline 112 

17. Mean (SE) P3a amplitudes and latencies at Cz to small-deviant and large-deviant 

stimuli, with significance of P3a amplitudes compared with zero baseline 114 

18. Mean (SE) RON amplitudes and latencies at Fz to small-deviant and large-deviant 

stimuli, with significance of RON amplitudes compared with zero baseline 115 

19. Results for healthy participants, this study and Schroger and Wolffs study 120 

20. Means (SE) of characteristics of patients and control participants 139 

21. Mean reaction time and hit rates to visual stimuli preceded by auditory standards 

and small and large deviants 140 



Nicotine and schizophrenia viii 

22. Mean (SE) trials per average ERP to standard and deviant stimuli 141 

23. Mean (SE) Nl amplitudes and latencies at Fz to standard auditory stimuli 143 

24. Mean (SE) MMN amplitudes and latencies at Fz to small- and large-deviant 

stimuli, with significance compared with zero baseline 144 

25. Mean (SE) P3a amplitudes and latencies at Cz to small- and large-deviant 

stimuli, with significance compared with zero baseline 145 

26. Mean (SE) RON amplitudes and latencies at Fz to small- and large-deviant 

stimuli, with significance compared with zero baseline 147 

27. ERP amplitudes in this experiment and in Yago, Corral, & Escera (2001) 151 



Nicotine and schizophrenia ix 

LIST OF FIGURES 

1. ERP waveforms elicited by frequent and rare stimuli from the parietal scalp 

site of a young adult during a visual count task 34 

2. Left: grand-averaged ERPs elicited by standard and deviant stimuli in a 

distraction paradigm. Right: difference waveform (deviant minus standard) 

showing MMN, P3a and RON components 41 

3 Grand-averaged waveforms to standard and deviant stimuli in passive frequency 

and duration paradigms 75 

4. Grand-averaged difference waveforms in frequency and duration paradigms for 

controls and for patients in the placebo and nicotine conditions 76 

5. Naatanen's model of central auditory processing 93 

6. Schroger-style auditory distraction paradigm 96 

7. Grand-averaged raw waveforms to standard and deviant stimuli I l l 

8. Difference waveforms to small- and large-deviant stimuli I l l 

9. Grand-averaged raw waveforms, auditory-visual distraction paradigm 142 

10. Difference waveforms to small-deviant and large-deviant stimuli, auditory-

visual distraction paradigm 142 



Nicotine and schizophrenia 1 

1.0 GENERAL INTRODUCTION 

1.1 INTRODUCTION TO SCHIZOPHRENIA 

Schizophrenia is a devastating illness. Although great progress has been made in the 

past 30 years in understanding it and finding ways to diminish its effects, it continues to 

ravage millions of families, inspiring a massive research effort evidenced by more than 

75,000 entries being elicited by the word "schizophrenia" on the PubMed Internet search site. 

Among these thousands of studies of schizophrenia, several hundred analysed the 

disease by examining brain waves called event-related potentials (ERPs), which are 

amplified and recorded from an electroencephalogram (EEG). ERPs have proved 

particularly effective in analysing attention dysfunctions, which are among the main 

characteristics of schizophrenia. Until the 1990s, the bulk of ERP research on attention in 

schizophrenia was focussed on controlled information processing as reflected by a single 

ERP component, known as the P300 (also P3b). 

This focus has been challenged in recent years and some experts have suggested that 

the schizophrenic attention deficit revealed in ERP research on controlled information 

processing may actually be secondary to impairments in pre-attentive automatic processes 

that are reflected in other ERP components. In particular, some pre-attentive ERPs obtained 

while subjects were performing distraction tasks are believed to reflect the orienting 

response, which is a rapid involuntary reaction that switches attention toward new or 

unexpected distracting stimuli. Abnormal distractibility is a hallmark of schizophrenia. 

Another, separate line of research was inspired by the facts that nicotine/smoking 

improves some types of attention in healthy people (especially short-term focussed attention), 

and that nicotine appears to be used as self-medication by schizophrenic patients, who have 

abnormally high rates of cigarette smoking. Preliminary findings suggest that nicotine/ 

smoking improved sustained attention, selective attention, visuospatial working memory and 

verbal working memory in schizophrenic patients who had taken nicotine compared with 

patients who had not taken nicotine. 

The main purpose of this thesis was to combine these separate lines of research by 

using pre-attentive ERPs and measures of behavioural performance (accuracy, reaction time) 

to examine the processing of distracting events of schizophrenic patients and to assess the 

effects of acute nicotine on this processing. Three placebo-controlled, double-blind 
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experiments were performed, using different auditory distraction tasks/paradigms to elicit 

behavioural measures (reaction time, accuracy) and the pre-attentive ERP components that 

reflect the brain's orienting-reorienting response (including mismatch negativity or MMN, 

P3a and reorienting negativity or RON) in nicotine-deprived schizophrenic smokers who 

have ingested nicotine. 

The rest of the introduction presents a summary of research findings and theories in 

relevant areas, including the symptoms and neuropathology of schizophrenia and its 

cognitive deficits, particularly in working memory and attention; the effects of 

nicotine/smoking on humans, especially on cognitive performance; and ERP research on the 

neural processes related to attention orienting and reorienting in healthy people and in 

schizophrenic patients. The introduction ends with a description of the objectives and 

hypotheses of the three linked experiments that were performed for this thesis. This is 

followed by detailed reports of each of the three experiments and an overall conclusion. 

1.2 SCHIZOPHRENIA: SYMPTOMS, COURSE AND CAUSES 

Schizophrenia is a mental illness affecting 1% of the world population (Andreasen, 

2000). It is characterized by loss of contact with reality, disruptions in social and 

occupational functioning, and disintegration of personality evidenced by a disorder of 

feeling, thought and conduct (Merriam-Webster Medical Dictionary, 2002). Its symptoms 

have been divided into three main groups: psychotic or "positive" symptoms, deficit or 

"negative" symptoms, and cognitive impairment symptoms (Wong & Van Tol, 2003). 

Positive symptoms include hallucinations, which are abnormalities in perception, such as 

hearing voices; delusions, which are abnormalities in referential thinking, often paranoid or 

grandiose; disorganized thought, evidenced by disordered speech and abnormalities in 

language; and disorganized behaviour. Negative symptoms consist of a diminution or 

absence of mental functions that are normally present, including alogia, a decrease in the 

fluency of ideas and language; affective blunting, a diminution in the ability to express 

emotions; avolition, a decrease in the ability to initiate and pursue goal-directed activity; and 

anhedonia, a decrease in the ability to seek out and experience pleasure. Symptoms differ 

greatly across individuals and most patients display a mixture of positive and negative 

symptoms (Andreasen & Black, 1999; Bowie & Harvey, 2005). 
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The Diagnostic and Statistical Manual of Mental Disorders [DSM-IV; American 

Psychiatric Association (APA),1994] specifies that schizophrenia symptoms must persist for 

at least six months and must not be due to another psychiatric problem (such as 

schizoaffective disorder, mood disorder with psychotic features or delusional disorder), to 

drugs or to a general medical condition. The first overt symptoms typically appear between 

the late teens and mid-3 Os and thereafter usually develop slowly over months or years. 

Symptoms such as sleep disruptions, difficulties of concentration, deterioration in social and 

occupational functioning and increasing isolation may not be noticed until the disease 

progresses and psychotic symptoms appear (Health Canada, 2004; Wong et al., 2003). 

The DSM-IV states that "because of variability in definition and ascertainment, an 

accurate summary of the long-term outcome of schizophrenia is not possible" (APA, 1994). 

Medication improves symptoms in most cases but only about 15% of patients make a 

complete recovery (Harrison et al., 2001; Robinson, Woerner, McMeniman, Mendelowitz, & 

Bilder, 2004). Many schizophrenic patients become functionally disabled and experience 

relapses that require hospitalization or supervision throughout their lives. The life 

expectancy of people who suffer from schizophrenia is significantly reduced; approximately 

10% commit suicide (Andreasen and Black, 1999; Hannerz, Borga, & Borritz, 2001). 

The causes of schizophrenia are not fully understood. The long-dominant dopamine 

hypothesis, which stated that schizophrenia was mainly caused by an excess of that neuro­

transmitter, has increasingly been challenged (Bennett, 1998; Javitt, 2007; Willner, 1997). 

More recent research also implicates JV-methyl-D-aspartate (NMDA) glutamate receptor 

dysfunction (Javitt & Coyle, 2004). This receptor participates in regulating dopamine release 

and plays a critical role in brain development, learning, memory and neural processing in 

general. Current scientific opinion also favours the neurodevelopmental hypothesis, which 

holds that "schizophrenia has a neurobiological and genetic basis, with environment being a 

modulating factor but not the primary cause" (Marenco & Weinberger, 2000; Wong et al., 

2003, p. 270). The gist of this hypothesis is that some people are born with a genetic 

predisposition for schizophrenia, but they may or may not develop the disease depending on 

the presence of risk factors favouring schizophrenia or of protective factors against 

schizophrenia (Green, 2001). 
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Genetic studies suggest that the heritability of schizophrenia is substantial, accounting 

for about 70 percent of the risk (Tsuang, 2000). The risk of developing schizophrenia is 45%-

50% for the monozygotic twin of an affected patient, compared with only 15%-17% for a 

dizygotic twin, 2% for a third-degree relative and 1% for the general population (Dikeos, 

2001). The remaining 30% of the schizophrenia risk is attributed to environmental factors 

such as brain injury during pregnancy, delivery or childhood, and, less prominently, 

psychosocial stressors such as separation from the family (Hoek, Brown, & Susser, 1998; 

Gearon, Kaltman, Brown, & Bellack, 2003). Being female appears to be a protective factor: 

women have a lower rate of schizophrenia, a later age of onset and a more favourable course, 

especially in young women (Aleman, Kahn, & Selten, 2003; Leung & Chue, 2000). 

The DSM-IV criteria are structured in such a way that two patients with 

schizophrenia may have no overlapping symptoms. This increases the possibility that 

"schizophrenia is a clinical syndrome and not a single disease" (Carpenter, Kirkpatrick, & 

Buchanan, 1999, p. 473; Garver, 1997), in the same way that the "dementia" syndrome 

eventually evolved into Alzheimer's disease, multi-infarct dementia, Parkinson's dementia, 

etc. This possibility raises concerns about the power of current schizophrenia studies that 

group together all types of schizophrenic patients without regard for differences in their 

symptoms (Wong et al., 2003). It also raises the question of whether there exists a core or 

fundamental theme that unites the diversity of schizophrenia symptoms. 

Some believe that schizophrenia is a "heterogeneous disorder" with "a number of 

meaningful and stable subtypes" (Seaton, Goldstein, & Allen, 2001, p. 45). This approach 

produces study designs that distinguish patients on the basis of symptoms (with 

hallucinations vs. without hallucinations, cognitively impaired vs. non-impaired) or risk 

factors (genetic risk, early neurological illness) or disease course (early vs. late onset, good 

vs. poor premorbid functioning) or clinical-DSM subtypes (paranoid vs. non-paranoid). 

Others agree with the pioneers of schizophrenia, Kraepelin and Bleuler, that schizophrenia is 

probably a neurocognitive disorder whose heterogeneous symptoms are the downstream 

effects of a fundamental cognitive process that affects specific circuitry in the brain 

(Andreasen & Black, 1999; Frith 1992). Bleuler believed that "patients who developed this 

illness suffered a pervasive disruption of their mental processes . . . He chose the name 
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schizophrenia because it meant literally 'a mind that is torn asunder'" (Andreasen, 1999, p. 

782). 

Inspired by this image, Andreasen (1999) proposed redefining schizophrenia as a 

unitary "misconnection syndrome" reflecting a disorder in neural circuits caused by the 

convergence of multiple genetic and environmental factors. If enough "schizophrenogenic" 

factors accumulate, the neural dysfunction occurs and produces symptoms that may wax and 

wane and vary from one person to another. Comparing schizophrenia to cancer, which has 

many forms but is defined as an "abnormal regulation of cell growth and death" (p. 782), 

Andreasen argued that (1) schizophrenia should not be identified by its symptoms, but by the 

more fundamental disruption in mental processes occurring as a consequence of a disruption 

in neural circuitry; and (2) this fundamental neural disruption should be the main focus of 

research on schizophrenia. 

1.3 NEUROPATHOLOGY AND TREATMENT OF SCHIZOPHRENIA 

In this section, the neuropathology of schizophrenia is examined from three 

perspectives: the endophenotypes of schizophrenia, the main neurological abnormalities of 

schizophrenic patients, and the hypothesized role of neurotransmitters in that disease. 

Modern mainstream drug treatments for schizophrenia are also described. 

1.3.1 Endophenotypes of Schizophrenia 

Psychiatric endophenotypes are internal genetic-and-environmental characteristics 

that are discoverable by objective tests (Gottesman & Shields, 1973). They are associated 

with an illness, are heritable, exist whether the illness is active or dormant, and are found in 

the close relatives of affected patients at a higher rate than in the general population. The 

following characteristics have been suggested as possible endophenotypes of schizophrenia 

(Gottesman & Gould, 2003). 

Eye-tracking dysfunction has long been identified as a characteristic of 

schizophrenia. Normal eye movements are either saccadic (brief and extremely rapid) or 

smooth and controlled (smooth pursuit, when following a moving object such as a 

pendulum). Many studies found that schizophrenic patients and their relatives have 

deficiencies in smooth pursuit eye movements (Calkins & Iacono, 2000; Lee & Williams, 

2000). 
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Prepulse inhibition (PPI) is verified with a test that measures the startle response to a 

loud tone. In healthy people, a lower-volume warning sound (the prepulse) reduces the 

startle response, but this effect is weaker in schizophrenic patients and their relatives (Braff, 

Grillon, & Geyer, 1992; Cadenhead, Swerdlow, Shafer, Diaz, & Braff, 2000). 

Gating of P50 auditory event-related potentials (ERPs). ERPs are patterns of 

brain electrical activity that occur while subjects perform specific cognitive tasks. In a 

common task using successive closely paired stimuli, healthy subjects typically show 

inhibitory filtering or "gating," manifested in a diminished P50 response to the second 

stimulus. Schizophrenic patients and their close relatives routinely fail to show a diminished 

response to the second stimulus (Light & Braff, 1999). 

1.3.2 Main Neurological Abnormalities 

Hundreds of abnormalities have been found in the brains of schizophrenic patients. 

Reviews by Harrison (1999) and Wong et al.(2003) identified the following as the main ones 

on which a broad consensus has been reached. A summary of these abnormalities appears in 

Table 1 along with a selection of their cognitive and symptom correlates. 

Larger lateral and third brain ventricles were found in schizophrenic patients than 

in healthy controls by a large number of CT (Computed Tomography) and MRI (Magnetic 

Resonance Imaging) studies as well as post-mortem investigations. Lawrie and Abukmeil 

(1998) reported a median 40% increase in ventricular size in schizophrenia. 

Smaller weight and volume of cortical brain tissue was also found in 

schizophrenia, averaging 3% less than normal overall, with grey matter being more affected 

than white matter (Lawrie et al., 1998). The largest discrepancies in brain volume between 

schizophrenic patients and controls were in the temporal lobe (8%), in medial temporal 

structures (4-12%; including the hippocampus, parahippocampal gyrus and amygdala) and in 

the thalamus. Except for the dorsal thalamic nuclei, which are smaller and have fewer 

neurons in schizophrenic patients than in healthy people, the smaller brain volume of patients 

is not due to having fewer neurons but instead to having reduced neuropil and neuronal size, 

with reduced synaptic and dendritic markers, especially in the hippocampus (Harrison, 1999). 
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Table 1. Main Neurological Abnormalities in Schizophrenia and Their Correlates 

Neurological Abnormality 

Larger lateral and third brain ventricles 

Less cortical brain tissue (weight and 
volume), especially in temporal 
lobe overall and in medial temporal 
structures, including the 
hippocampus and amygdala 

Hypo-activity and hyper-activity in 
dorsolateral prefrontal cortex (DLPFC). 

Smaller cortical and hippocampal neurons, 
fewer synaptic and dendritic markers in 
the hippocampus 

Smaller thalamus with fewer dorsal 
thalamus neurons 

Altered cerebral asymmetry with decreased 
lateralization 

Cognitive and Symptom Correlates 

Negative symptoms and poorer cognition are associated 
with increased ventricular size (Kareken et al., 1996) 

Sustained attention impairment is linked to frontal cortex 
and tempoparietal regions (Buchsbaum et al., 1990) 

Auditory hallucinations and severity of thought disorder 
are linked to decreased superior temporal gyrus size 
(Barta et al., 1990; Shenton et al., 1992) 

Apathy symptoms are linked to reduced bilateral frontal 
lobe volumes (Roth et al., 2004) 

Impairments in working memory and attentional set-
shifting are linked to DLPFC (Barch et al., 2002; 
Pantelis & Maruff, 2002) 

Negative symptoms, impairment in conscious memory and 
recognition of facial emotion are linked to hippocampus 
and amygdala (Gur et al., 2002; Weiss & Heckers, 2001) 

Sustained attention is linked to gray matter decrease in 
thalamic nucleus (Salgado-Pineda et al., 2003) 

Lateralization due to language is reduced in schizophrenia; 
decreased language lateralization is associated with more 
severe hallucinations (Sommer, Ramsey & Kahn, 2001) 

Hypo-activity of the dorsolateral prefrontal cortex (DLPFC) is a common finding 

in schizophrenia research (Andreasen et al., 1992; Callicott et al., 1998), but studies using 

functional magnetic resonance imaging (fMRI) during the performance of working memory 

tasks have produced contradictory results, with some findings of hypofrontality and others of 

hyperfrontality in schizophrenic subjects compared with controls (Manoach et al., 1999, 

Sabri et al., 1997). Other experiments suggest that both findings are valid and are associated 

with different types and levels of difficulty of the tasks and the characteristics of the patients 

(Manoach, 2003; Sabri et al.). 

Cerebral asymmetry is normal in healthy individuals, particularly in language 

centers which are typically located in the left hemisphere (Sommer et al., 2001). 

Lateralization for language and other purposes is reduced or even reversed in schizophrenic 
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patients and in some of their relatives, and the abnormalities of the disease are more 

pronounced in the left hemisphere (Crow, 1997; Davies, Russell, Jones, & Murray, 1998). 

As Table 1 shows, the main neuropathological abnormalities of schizophrenic 

patients have been linked to their major cognitive disorders as well as to positive and 

negative symptoms. These associations are misleading because they give the impression that 

cognitive deficits and symptoms can be attributed to lesions in specific parts of the brain. In 

reality, all these abnormalities and their cognitive and symptom correlates are consistent with 

Andreasen's (1999) hypothesis that schizophrenia is a "misconnection syndrome" between 

different circuits in the brain. For example, it is now widely believed that the memory 

impairments of schizophrenia are likely caused by a failure in connectivity between the 

prefrontal cortex and the hippocampus, thalamus and cerebellum (Weiss and Heckers, 2001). 

1.3.3 Role of Neurotransmitters 

A large body of evidence suggests that several neurotransmitter systems, including 

dopamine, glutamate, GABA (y-aminobutyric acid), serotonin, cholinergic system, and 

others, are involved in the pathophysiological processes which are responsible for the various 

schizophrenia symptoms (see review in Abi-Dargham & Guillin, 2007). Over the past 50 

years, dopamine has captured most attention. The dopamine hypothesis of schizophrenia was 

first suggested by Carlsson and Lindqvist (1963). They hypothesized that hyperactivity of 

dopamine transmission was responsible for the positive symptoms in this disease. This 

hypothesis was based on two sets of findings. In one set, correlations were found between 

clinical doses of antipsychotic drugs and their potency to block dopamine D2 receptors 

(Creese, Burt, & Snyder, 1976; Seeman & Lee, 1975). In addition, it was observed that 

dopamine-enhancing drugs had psychosis-inducing effects (reviewed by Angrist & van 

Kammen, 1984; Lieberman, Kane & Alvir, 1987). Dopamine terminals and D2 receptors are 

mainly localized in subcortical regions such as the striatum and the nucleus accumbens 

(Guillin, Abi-Dargham, & Laruelle, 2007). 

Increasing awareness of negative and cognitive schizophrenia symptoms over the 

following decades led to a modification of the original dopamine hypothesis. Studies using 

fMRT suggested that these symptoms were associated with altered prefrontal cortex (PFC) 

functions (see review by Knable & Weinberger, 1997). Many experiments then documented 
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the importance of prefrontal dopamine transmission at Dl receptors for optimal PFC 

performance (reviewed by Goldman-Rakic et al., 2000). A new hypothesis was formulated 

suggesting that deficits in dopamine transmission at Dl receptors might be responsible for 

the cognitive and negative symptoms of schizophrenia (Davis, Kahn, Ko, & Davidson, 1991; 

Weinberger, 1987). The merging of the classic and reformulated dopamine theories of 

schizophrenia led to the current predominant view that schizophrenia is characterized by an 

imbalance between hyperactive subcortical D2 receptors linked with positive symptoms, and 

hypostimulation of Dl receptors in the PFC linked with negative symptoms and cognitive 

impairments (Guillin et al., 2007). 

Alternative neurochemical models of schizophrenia were also proposed. Some of 

them involved glutamatergic mechanisms in general and iV-methyl-D-aspartate (NMDA) 

receptors in particular. Most prominent among them is the PCP/NMDA model of 

schizophrenia (Javitt, 2007). This theory was formulated 15 years ago when it was observed 

that phenyclidine (PCP, known by street users as "angel dust") and similarly-acting ketamine, 

which block neurotransmission at NMDA-type glutamate receptors, induced psychotic 

symptoms and neurocognitive disturbances similar to those of schizophrenia (Krystal et al., 

1994; Lahti, Weiler, Michaelidis, Parwani, & Tamminga, 2001; Malhotra et al., 1996; 

Newcomer et al., 1999). Unlike dopamine agonists such as amphetamine, which produced 

patterns of symptoms markedly different from those of schizophrenia, NMDA antagonists 

induced positive, negative and cognitive symptoms of schizophrenia. Studies of dopamine-

glutamate interactions suggested that the hyperactivity of dopamine D2 receptors observed in 

schizophrenia might be associated with deficits in glutamatergic functioning (see review by 

Javitt, 2007). This led to the hypothesis that NMDA dysfunction may be the underlying 

cause of secondary dopaminergic dysregulation in striatal and prefrontal brain regions. 

Another line of research considered evidence indicating that some of the cognitive 

impairments commonly found in schizophrenia could be caused by disturbances in 

neurotransmission by a subset of GABA neurons in the dorsolateral prefrontal cortex 

(DLPFC; see review by Lewis & Hashimoto, 2007). These disturbances in GABA neurons 

are believed to cause alterations in the inhibitory regulation of pyramidal neurons, leading to 

a reduced capacity for the synchronization of neuronal activity at gamma frequencies that is 

essential for normal working memory function (Wilson, O'Scalaidhe & Goldman-Rakic, 
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1994; Rao, Williams, & Goldman-Rakic, 2000). As discussed later in this introduction, 

working memory impairments are a core feature of schizophrenia. Postmortem studies of 

schizophrenic patients consistently find reduced expression of an enzyme that synthesizes 

GABA (Torrey et al., 2005). Several possible mechanisms have been suggested as the cause 

of these abnormalities in GABA neurotransmission (Lewis & Hashimoto). Among the 

mechanisms with the strongest empirical basis are alterations in NMDA receptor-mediated 

excitatory neurotransmission. 

Serotonin (5-HT) alterations have also long been suspected to play a role in 

schizophrenia. A recent review of research in that area concluded that no clear picture of 

specific serotonergic alterations has yet emerged in schizophrenia (Abi-Dargham, 2007). 

However, current evidence suggests that serotonin agents have a modulatory effect on 

dopamine transmission that may contribute to the therapeutic effects of atypical antipsychotic 

medication (see section on drug treatment below). Specifically, administration of the 5-HT 

precursor tryptophan produced some alleviation of negative symptoms in schizophrenic 

patients (reviewed by Abi-Dargham). 

Yet another hypothesis proposed that dysregulation of central cholinergic signaling 

contributes to the pathophysiology of schizophrenia (reviewed by Berman, Talmage, & Role, 

2007). This hypothesis is particularly relevant to this thesis because of the established role of 

cholinergic/acetylcholine circuits in the tuning of attention (Salter, Nelson, & Bruno, 2005). 

Berman et al. provide the following overview of cholinergic transmission: 

Cholinergic innervation of cortical and striatal brain areas is extensive and diffuse 
( . . . ) . Receptors for Ach (AChRs) come in two broad classes - ionotropic (nicotinic) 
and metabotropic (muscarinic) - each class having multiple subtypes with both 
opposing and synergistic actions. Activation of these receptors regulates neuronal 
excitability ( . . . ) . ACh can act as a tonic, diffuse signal, modulating the release of 
ACh and other transmitters, including dopamine, glutamate, and GABA. 
Alternatively, ACh can exert its effects via highly localized and directed interactions 
with neuronal AChRs to increase or decrease neuronal firing (p. 194). 

Because of the complexity and pervasiveness of cholinergic circuits, it is difficult to 

determine how acetylcholine achieves its effects. However, it has been established that it 

plays an important role in supporting neurocognitive and motivational functions of the 

prefrontal cortical, hippocampal, and ventral tegmental projections to the striatum (for 
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reviews see Cragg, 2006; Gotti & Clementi, 2004; Martin & Freedman, 2007; Mesulam, 

2004; Sarter et al, 2005; Smythies, 2005; Wonnacott, Sidhpura, & Balfour, 2005). Several 

studies have found alterations in both nicotinic and muscarinic receptors in the brains of 

schizophrenic patients (reviewed by Berman et al., 2007). 

Most particularly, a postmortem study of brain tissue (Freedman, Hall, Adler, & 

Leonard, 1995) noted that schizophrenic patients who had been smokers had fewer a 7 

nicotinic acetylcholinergic receptors (nAChRs) in the hippocampus than healthy smokers. 

Another postmortem study (Guan, Zhang, Blennow, & Nordberg, 1999) found decreased 

levels of the same receptors in the frontal cortex of schizophrenic patients. This reduction 

may result in a failure of cholinergic activation of inhibitory interneurons. In turn, this would 

have a negative effect on the filtering of responses to redundant sensory stimulation. This 

type of impairment is consistent with the P-50-indexed auditory sensory gating deficit of 

schizophrenic patients that was described above in the endophenotypes of schizophrenia. 

1.3.4. Drug Treatment of Schizophrenia 

Early treatment of schizophrenia is important because it may improve long-term 

outcome and may slow or stop deterioration (Herz & Marder, 2002). The standard treatment 

is antipsychotic medication. As described in Table 2, these drugs mainly target neuro­

transmitters. The first-generation antipsychotic drugs were dopamine (D2) blockers/ 

antagonists, while the second-generation drugs introduced over the past 15 years have more 

varied action, targeting dopamine (Dl, D2) and/or serotonin (5-HT2A, 5-HT2.3), acetylcholine 

and norepinephrine. 

The disadvantage of the first-generation drugs was their parkinsonian side effects 

(dystonia, akathisia, bradykinesia, tremor) caused by dopamine blockage in the basal ganglia 

(Freedman, 2003). These symptoms caused patient noncompliance and were partly 

countered by antiparkinsonian (anticholinergic) medications. The second-generation drugs 

have improved therapeutic effects, especially on negative symptoms, without the marked 

adverse effects on movement of the earlier drugs. Apart from clozapine, which has a serious 

known side effect (agranulocytosis) requiring frequent monitoring of the leukocyte count, the 

main side effects of some of the second-generation antipsychotics are sedation, moderate 



Nicotine and schizophrenia 12 

Table 2. Antipsychotic Drugs and Their Effects (Freedman, 2003) 

Mechanism 

Dopamine D2 antagonism 

D2 and 5-HT2A 

antagonism 

Multiple actions 

Mixed dopaminergic 
agonism and antagonism 

Dopamine D2 and D3 
antagonism 

Type of drug 

First-generation (haloperidol) 

Second-generation (olanzapine, 
risperidone, quetiapine, ziprasidone) 

Clozapine 

Aripiprazole 

Amisulpride 

Effect 

Blockade of dopamine facilitation of 
pyramidal-neuron response 

Blockade of dopamine facilitation of 
pyramidal-neuron response and serotonin 
facilitation of glutamate release 

Dl, D2 and 5-HT2.3 antagonism, leading to 
decreased pyramidal-neuron responses; 
increased acetylcholine release and 
norepinephrine antagonism, leading to 
increased interneuron regulation of 
pyramidal neurons 

Facilitation of low-level stimulation of 
dopamine receptors, blockade of higher 
levels of stimulation 

Blockade of cortical dopamine receptors, 
but not those in basal ganglia 

movement disorder, and substantial weight gain that has been linked to an increased risk of 

diabetes (Freedman). The newer antipsychotic drugs that cause less weight gain than the 

others, ziprasidone (Geodon), amilsulpride (Solian) and aripiprazole (Abilify), are not 

available in Canada except within clinical trials (Black, 2003; Buckley, 2003; Daniel et al., 

1999). Movement disorder is still controlled by means of antiparkinsonian medication. 

1.4. COGNITIVE DEFICITS IN SCHIZOPHRENIA 

1.4.1 Prevalence of Cognitive Deficits in Schizophrenia 

Part of the evidence in favour of a neurodevelopmental cause for schizophrenia 

consists of many studies showing a significant - though small - link between having a low IQ 

in childhood and having a greater likelihood of developing schizophrenia later in life 

(Marenco & Weinberger, 2000). Also in support of the neurodevelopmental hypothesis, 

many studies found that marked cognitive abnormalities were already present in patients at 

the onset of schizophrenia and that their neuropsychological profiles remained relatively 

stable after onset while some actually improved, perhaps because of symptom reduction 

(Censits, Ragland, Gur, & Gur; 1997; Heaton et al., 2001; Rund, 1998). Cognitive deficits 
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are slightly improved but not normalized by current antipsychotic medications (Weickert et 

al., 2003). 

Many comparisons of schizophrenic patients and healthy controls revealed extensive 

deficits in patients' executive function, attention, memory and general intellectual capacities, 

including lower IQs (Goldberg, Gold, Greenberg, & Griffin, 1993; Heinrichs & Zakzanis, 

1998; Nelson et al., 1990). On the other hand, other studies found some relatively high-

functioning groups of schizophrenic patients whose cognitive performances were 

indistinguishable from those of healthy people (Dudek, 1969; Goldstein & Shemansky, 1995; 

Palmer et al., 1997). Only part of these inconsistencies were due to differences in the 

samples and in the tests performed. 

On the basis of these earlier findings and of their own neuropsychological study of 

117 patients admitted to a hospital with chronic schizophrenia, Weickert and Goldberg 

(2000) hypothesized that the cognitive deficits associated with schizophrenia reflected three 

developmental patterns: a first pattern, involving about 25% of patients, in which profound 

and widespread cognitive deficits were manifest from early development prior to onset of 

psychotic symptoms; a second pattern, for about 50% of patients, of more limited deficits in 

executive function, attention and episodic memory that roughly coincided with the 

emergence of psychotic symptoms; and a third pattern, involving about 25% of patients, 

whose cognitive profiles were normal with the exception of subtle deficits in executive 

function/working memory and possibly attention. The results for this last group suggested to 

Weickert and Goldberg that deficits in executive function and attention may be the core 

features of schizophrenia. 

Studies such as Weickert and Golberg's (2000) and most earlier ones have several 

limitations. Most of their subjects were chronic schizophrenic patients who had usually been 

medicated for several years. The precise effects of medication on cognitive functioning are 

still unclear: reviews suggest that the newer atypical antipsychotics improve cognitive 

performance in schizophrenic patients (Keefe, Silva, Perkins, & Lieberman, 1999; Meltzer & 

McGurk, 1999), but other studies indicate that common adjunctive medication such as 

anticholinergic anti-parkinsonian drugs can impair attention and complex memory (Brebion, 

Bressan, Amador, Malaspina, & Gorman, 2004; Minzenberg, Poole, Benton, & Vinagradov, 

2004). Findings of generalized cognitive deficits may reflect non-controlled factors such as 
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adolescent onset, which disrupts the educational process, or depressed motivation due to a 

higher prevalence of negative symptoms in chronic patients (Lussier & Stip, 2001; Thaker, 

2000). The earlier studies tested patients who were more severely ill because they had to 

meet the stricter DSM-III-Revised diagnostic criteria for schizophrenia (Gold, Arndt, 

Nopoulos, O'Leary, & Andreasen, 1999; Saykin et al., 1991). Perhaps most important, many 

studies used hospitalized patients (Bilder et al., 1992; Censits et al.,1997; Riley et al , 2000), 

who are not representative of the schizophrenic population: in Canada, the rate of 

hospitalization of schizophrenic patients is only about 10% for men and 7% for women 

(Health Canada, 2004). 

Two Canadian teams overcame some of these limitations by administering a battery 

of cognitive tests to first-episode, mostly-medicated community-living patients. The first 

study, by Townsend, Malla and Norman (2001), included 107 outpatients and no control 

group and found that patients performed in the average range on most measures, including 

intelligence scores. However, the results suggested a subtle but significant decline in IQ 

following onset of psychosis, which seems to contradict earlier findings that neuro­

psychological profiles remain stable after onset. Deficits were found in executive functions 

(-1.0 S.D.) and in speed of information processing (almost 2.0 S.D. below the norm on one 

test), confirming evidence of reduced processing speed among adolescents who later 

developed schizophrenia (Tauscher-Wisniewski, 1999). When 83 of the outpatients were 

retested a year later (Townsend, Norman, Malla, Rychlo, & Ahmed, 2002), they showed 

normal executive functions but their processing speed was still more than 1.5 S.D. below the 

norm. 

The other Canadian team (Addington, Brooks and Addington, 2003) tested 312 first-

episode medicated outpatients and 66 control subjects. The outpatients performed above 

average on IQ estimates but showed deficits (in z-scores and compared to controls) on a wide 

range of measures including verbal fluency, verbal memory, working memory, attention and 

early information processing. A subgroup of 30% of patients had significantly lower scores 

on every test, while the other 70% had normal working memory (and perhaps other) scores. 

Studies of first-episode patients who had never been medicated (Mohamed, Paulsen, 

O'Leary, Arndt, & Andreasen, 1999; Lussier & Stip, 2001) found extensive generalized and 

specific cognitive deficits, but these results were criticized because of possible confounding 
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by acute psychotic symptoms that may have interfered with performance (Townsend et al., 

2001). 

This review of research on cognitive deficits in schizophrenia leads one to agree with 

Green (1998), who concluded that "there is no agreed-upon, single neuropsychological 

profile for schizophrenia" (p. 30). According to Green, this absence of a consistent profile 

could be explained (1) by a global generalized deficit alone, or a global deficit against which 

a faint cognitive profile for schizophrenia is difficult to discern; (2) by several groups of 

patients who have their own profiles; (3) by the involvement of multiple brain regions or 

circuits; and (4) by the involvement of a limited number of neural circuits which differ from 

patient to patient because of different neurodevelopmental events, genetic risk factors or 

learning history. 

1.4.2. Main Cognitive Deficits and Functional Significance 

The research described above suggests that the main cognitive deficits associated 

with schizophrenia are in attention, working memory and executive function. In fact, these 

three cognitive elements are so closely intertwined as to be almost inseparable. As described 

in greater detail below, the executive function is now considered to be the main component 

of working memory (Baddeley, 1986), and one of the executive's functions is to direct 

attention. As a result, dysfunction in working memory/executive function can have serious 

repercussions on attention and vice-versa, so that experiments focusing on separate deficits in 

these cognitive elements must necessarily present a simplified view of the way the mind 

works. 

As well as examining the nature of the schizophrenic deficits in working memory/ 

executive function and attention, researchers analyzed the relationships between these 

deficits and the symptoms of schizophrenia, and looked at the functional consequences of the 

deficits and symptoms in everyday life. Functional consequences are ways in which 

cognitive deficits may affect patients' ability to retain, acquire, or relearn skills that are 

needed to function in the real world (Green, 1996). Specific deficits have been closely linked 

to functional impairments in schizophrenia (Addington & Addington, 1999; Dickerson, 

Boronow, Ringel, & Parente, 1999; Green, 1996,2000), to the point where it was estimated 
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that cognitive function predicted over 40% of the variance in scores on an assessment of 

activities of daily living (Velligan et al., 1997). 

The relationship between cognitive deficits and clinical symptoms is more elusive. 

Cognitive deficits are associated with high levels of negative/deficit symptoms, but the 

cognitive impairments persist even when the negative symptoms diminish over time, 

suggesting that they are independent factors (Harvey et al., 1996; Hughes et al., 2003). Links 

between cognitive deficits and positive/psychotic symptoms are less consistent and when 

medication reduces hallucinations and delusions, the cognitive impairments remain (Gold et 

al., 1999; Keefe, 2000; Kuperberg & Heckers, 2000). 

As a result, it was suggested that cognitive status is a more durable indicator of 

underlying schizophrenic disorder than the less stable psychotic symptoms (Elvevag & 

Goldberg, 2000). This is supported by the facts that remitted schizophrenic patients still have 

cognitive deficits and that clinically unaffected relatives of schizophrenic patients exhibit 

some cognitive impairments (Cadenhead & Braff, 2000). On the other hand, a study by 

Norman et al. (1999) concluded that stabilized post-treatment schizophrenia symptoms, and 

especially disorganization symptoms such as thought disorder and inappropriate affect 

(Liddle, 1987), were better predictors of community functioning than cognitive measures. 

1.4.2.1. Working Memory and Executive Function in Schizophrenia 

Working memory is a hypothetical model proposed by Baddeley (1986). It is the 

capacity to manipulate information while holding intermediate products, goals, and 

associated strategies in mind; one example is doing mental arithmetic. It is a limited-

capacity system that includes three components: (1) the central executive, an active attention-

control system which presides over the other working memory components and which 

coordinates, schedules and plans mental operations; (2) the articulatory or phonological loop 

sub-system, which actively maintains verbal information in mind for a very short period 

(seconds); (3) the visuospatial sketchpad sub-system, which retains and manipulates images 

in mind for a very short time. Working memory is crucial for reasoning, learning and 

comprehension; the executive function is necessary to use abstract concepts, to work out the 

strategies for problem solving, especially in new situations, and to execute these strategies 

while self-monitoring one's mental or physical processes (Sharma & Antonova, 2003). 
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Working memory has been linked to the dorsolateral prefrontal cortex and it has been 

argued that some of the most profound cognitive symptoms of schizophrenia can be 

attributed to deficits in working memory (Goldman-Rakic, 1991, 1994; Jansma, Ramsey, 

Van Der Wee, & Kahn, 2004). Working memory impairments are likely to be the underlying 

cause of many negative symptoms in schizophrenia, making it difficult for patients to 

maintain social relationships, to keep jobs and to live independently (Green, 1996; Keefe, 

2000). Since patients with working memory deficits who finish a complicated sentence are 

likely to have lost their original intention, it is not surprising that an association was also 

found between these deficits and positive symptoms like thought disorder, evidenced by 

speech filled with loose associations and derailments (Kerns & Berenbaum, 2002; Spitzer, 

Braun, Hermle, & Maier,1993). Keefe's (2000) review concluded that all three components 

of working memory were impaired in schizophrenic patients. 

1.4.2.2. Attention in Schizophrenia 

Attention enables us to identify relevant stimuli in our environment, to focus on a 

particular stimulus while ignoring irrelevant or distracting stimuli (selective attention), to 

shift our focus from one stimulus to another (switching attention), to maintain focus on a 

stimulus for a period of time until we are done with it (sustained attention or vigilance), to 

monitor or respond to several stimuli at the same time (divided attention), and to allow the 

transfer of the stimulus to higher-level processes (Sharma & Antonova, 2003). 

Attention dysfunction is one of the hallmarks of schizophrenia. Because these 

patients often seem distracted and complain of being overwhelmed by stimuli, clinicians 

often say they seem to suffer from "attentional" problems (Green, 1998). As a result, patients 

may fail to pay attention to relevant stimuli or to the flow of conversation, which would 

contribute to negative symptoms such as social withdrawal (Keefe, 2000). Since attention is 

a prerequisite to many other cognitive processes, dysfunctions in attention can cause or 

aggravate deficits in working memory and executive function (Luck & Gold, 2008). In their 

review of research on cognition in schizophrenia, Bowie and Harvey (2005) concluded the 

following about attention: 

The presence and severity of attentional impairments, possibly more than some other 
cognitive deficits, are associated with higher severity of positive symptoms (Green & 
Walker, 1986; Walker & Harvey, 1986). Greater impairments in attention have been 
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reported to be predictive of poor treatment response (Goldman et al , 1993), and to 
identify chronic patients who do poorly when their medication dosage is reduced 
(Green etal., 1993). 

Impairments in vigilance, meaning the ability to sustain effort and attention while 
discriminating target and nontarget stimuli, are (...) associated with greater deficits 
in social problem solving and in the ability to acquire skills in training programs 
(Green, 1996). Because attention is the foundation for other, higher-order cognitive 
skills, attentional deficits are likely to limit success in many functional domains and 
are thus an important feature of cognitive impairment in the illness (p. 616). 

A common early hypothesis about the nature of the basic cognitive problem in 

schizophrenia was that schizophrenic patients had deficits in initiating and maintaining "the 

selectivity which normal attention ordinarily exercises among the sensory impressions," so 

that "almost everything is recorded that reaches the senses" (Bleuler, 1911/1950, p. 68). 

Some early tests of selective attention focused on the abnormal incapacity of schizophrenic 

patients to ignore distractions. McGhie, Chapman and Lawson (1965) used auditory and 

visual tests of immediate recall of digits and letters presented with and without distractors to 

demonstrate that schizophrenic patients were significantly more impaired by distractors than 

control subjects. 

Oltmanns and Neale (1975) criticized these tests for their lack of rigour and 

introduced the more standardized Digit Span Distraction Test (DSDT), in which digits were 

recalled in a non-distraction condition (where a female voice read the target information) and 

a distraction condition (where a male voice read irrelevant digits in the intervals between the 

target digits). The DSDT demonstrated that schizophrenic patients were more vulnerable to 

auditory distraction than healthy people. Auditory distractibility was associated with thought 

disorder symptoms (Harvey, Earle-Boyer, & Levinson, 1986; Moser, Cienfuegos, Barros, & 

Javitt, 2001). 

One of the more popular modern tests of selective attention is the Stroop Color and 

Word Test (Stroop, 1935), which also measures mental flexibility. Subjects must either read 

the words "red", "green" and "blue," or identify the ink colour in which they are printed; the 

words (red, for example) are printed in colours that are congruent (red) or incongruent (blue) 

with their meaning. This task requires the subject to focus on one dimension of the stimulus 

while ignoring or inhibiting another, which typically makes healthy subject especially slow 

in naming the ink colour in which the word is written, because they must inhibit their 
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overlearned tendency to read the word. Several studies found that schizophrenic patients 

have even greater difficulty with this task, showing greater slowing, and sometimes failure, 

when the ink colour and the word are incongruent, because they are unable to focus on one 

dimension while inhibiting the other (Egeland et al., 2003; Everett, LaPlante, & Thomas, 

1989; Grapperon & Delage, 1999). 

However, other studies reported different Stroop results, such as no differences in 

colour-incongruent interference coupled with increased facilitation in the schizophrenia 

group: they were faster than healthy controls in the colour-congruent condition (Carter, 

Robertson, & Nordahl, 1992; Henik et al., 2002). Some results varied with the schizophrenia 

subtype or with symptoms. In Carter, Robertson, Nordahl, O'Shora-Celaya and Chaderjian 

(1993), patients of the undifferentiated subtype showed increased facilitation and normal 

interference, while patients of the paranoid subtype showed normal facilitation and increased 

interference. Other researchers (Green & Walker, 1986; Spring, Lemon, Weinstein, & 

Haskell, 1989) concluded that Stroop interference effects were limited to positive symptom 

episodes. 

Additional selective attention tasks on which schizophrenic patients have shown 

impairments include dichotic listening (described below under divided attention), the Trail-

Making Test, Part A (Reitan & Wolfson, 1985; Heinrichs & Zakzanis, 1998), in which 

subjects must connect consecutive numbers randomly arranged on a page, the Span of 

Apprehension Task (SPAN; Asarnow, Granholm, & Sherman, 1991; Addington & 

Addington, 1997), in which subjects must find a target item in a briefly-flashed array of 1 to 

12 items, and backward masking tasks, in which a briefly-presented visual target is followed 

by a different stimulus (the mask) which disrupts subsequent target identification (McClure, 

2001; Green & Nuechterlein, 1999). 

Sustained attention (vigilance) is the most important type of attention in everyday 

life. Paying attention is essential to hold a job and to learn new skills, and relationships are 

difficult to initiate and maintain without providing at least the appearance of being interested 

in other people's comments and feelings (Green, 1996; Sharma & Antonova, 2003). 

Sustained attention is often assessed by means of the Continuous Performance Test (CPT; 

Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956), in which subjects monitor a random 

series of single number or letters, presented continually at a rate of about one per second, and 
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are asked to press a button when they detect a specified target. Schizophrenic patients 

usually miss more targets on the CPT than healthy controls and are more vulnerable to 

distraction; they also often perform less well on the CPT than on other neuropsychological 

tests (Nestor & O'Donnell, 1998). Strauss, Buchanan and Hale (1993) found that the CPT 

was correlated with thought disorder and the SPAN with negative symptoms, but this was 

contradicted by Addington and Addington (1997). 

Voluntary attention switching was assessed by means of a variation of the CPT test 

which had the additional feature of switching attention between auditory and visual 

modalities. Sutton, Hakereem, Zubin and Portnoy (1961) found that participants with 

schizophrenia were slower than controls at detecting targets in cross-modal presentations (an 

auditory stimulus preceded by a visual stimulus or vice-versa) than for auditory ipsimodal 

presentations (an auditory stimulus preceded by an auditory stimulus). It was hypothesized 

that healthy controls had more flexible expectations, or that neural traces of the stimuli 

persisted longer in schizophrenic patients (Baerwald, Sandford & Tryon, 2001; Hanewinkel 

&Ferstl, 1996). 

Divided attention is tested by giving subjects two or more simultaneous tasks, or a 

combination of task(s) and distractor(s). One dual-task example, which also tests auditory 

selective attention and attention switching, is a dichotic listening (DL) paradigm in which 

schizophrenic patients and controls are presented simultaneous sound stimuli (for ex. ba, ga) 

in both the right and left ear through earphones and are instructed to indicate when a sound 

they hear matches one of the sounds listed on a sheet in front of them. Participants can be 

directed to attend only their left or only their right ear (selective attention) or to attend to both 

(divided attention). 

DL test results typically show that healthy subjects favour the right-ear stimulus, but 

that schizophrenic patients (1) do not show such a right-ear advantage or show a reduced one 

(Kaufman & Trachenko, 1981; Bruder, 1995, Loberg, Hugdahl & Green, 1999), and (2) 

demonstrate an impairment in the capacity to shift attention to the right or left ear (Green, 

Hugdahl, & Mitchell, 1994). Since findings of lack of right-ear advantage in schizophrenia 

were not consistent, it was hypothesized that they may coincide with the presence of positive 

symptoms like hallucinations or paranoia (Friedman et al., 2001), or with older age or long 

illness duration (Oie, Rund, Sundet, & Bryhn, 1998). This last hypothesis was supported by 
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studies showing that young stabilized schizophrenic patients show a normal right-ear 

advantage (Loberg, Jorgensen, & Hugdahl, 2002). 

According to this survey of attention deficits in schizophrenia, some patients show 

impairments at some time in all types of attention tasks, but no single pattern of attention 

deficit characterizes all schizophrenic patients at all stages of the disease. A great deal more 

research needs to be done to establish what types of attention and working memory deficits 

are characteristic of what subtypes of patients (young or older, medicated or not, in remission 

or relapse, early or late onset, with positive or negative symptoms, etc.), and to develop 

theories and reliable tests to distinguish between the different dimensions of attention and 

working memory. 

1.5 NICOTINE, ATTENTION AND SCHIZOPHRENIA 

After decades of research, the effects of nicotine on cognition remain unclear but 

many researchers believe that nicotine and/or smoking improve some aspects of attention in 

healthy people and in schizophrenic patients. This section presents an introduction to the 

general effects of nicotine/smoking on humans; a review of findings about the effects of 

nicotine/smoking on cognition in healthy people; a similar review on the effects of 

nicotine/smoking on cognition in schizophrenic patients; and a description of the theories put 

forward to explain how nicotine/smoking enhances attention. 

1.5.1 General Effects of Nicotine/Smoking on Humans 

In its pure form, nicotine is a highly toxic poison (McKim, 2000). In humans, it is 

mainly absorbed by smoking tobacco, whose nicotine content (in cured tobacco leaves) is at 

most around 6%. Nicotine appears to be safe in small doses, though it is only one of more 

than 4,000 compounds in tobacco smoke, including several carcinogens (Tobacco Advisory 

Group, 2001). Nicotine affects humans and other creatures by binding to and activating a 

subtype of neural cholinergic/acetylcholine (ACh) receptors known as nicotinic receptors 

(nAChR) because of this effect (Purves et al., 1997; Wonnacott, Sidhpura, & Balfour, 2005). 

The effect is biphasic: low doses activate cholinergic receptors while higher doses can block 

them. Nicotinic receptors are found in cholinergic synapses throughout the brain and in the 

peripheral nervous system, as well as in the synapses and cell bodies of neurons that release 

dopamine, norepinephrine, GABA (y-aminobutyric acid), glutamate and acetylcholine 
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(Jones, Sudweeks, & Yakel, 1999; Wonnacott, 1997). Nicotine also causes the release of 

many other substances that can affect behaviour, including serotonin, beta-endorphin and 

several hormones (Pomerleau & Pomerleau, 1984; Qhobosheane, Wu, Gu, & Tan, 2004). 

Nicotine has complex effects on the central nervous system (CNS). It is believed to 

act on the neuroregulatory systems that control arousal, mood and cognition. The cholinergic 

system modulates NMDA receptor function and plays a central role in attention, memory and 

control of movement (Domino, Mirzoyan, & Tsukada, 2004; Quarta et al., 2007). Higher 

levels of norepinephrine are associated with increased CNS arousal; increases in dopamine 

enhance the activity of the dopamine reward system, thereby reinforcing the effects of 

nicotine. Higher levels of serotonin have an antidepressant effect (Klimek et al., 2001; 

Mufson, Ginsberg, Ikonomovic, & DeKosky, 2003; Qhobosheane et al., 2004). 

Smoking appears to have a genetic component: the smoking behaviour of identical 

twins who are reared separately is highly correlated (Hughes, 1986; Pomerleau, 1995). The 

disposition to smoke is not inherited directly, but through variations in structure and 

biochemistry of the nervous, endocrine and other bodily systems (Zuckerman, 1992; Gilbert 

& Gilbert, 1995). These variations produce individual differences in dispositions toward 

certain types of reactions to the environment. Since sex steroids alter dopamine and 

serotonin neuro-transmission (Staley et al., 2001), smoking has different effects on the CNS 

of women and men (Algan, Furedy, Demirgoren, Vincent, & Pogun, 1997). Women smoke 

lighter and fewer cigarettes, and inhale less, but they have greater difficulty in quitting than 

men (Pogun, 2001). 

1.5.2 Effects of Nicotine/Smoking on Cognition in Healthy People 

A large number of studies examined the effect of nicotine on cognition in healthy 

adults but their results have been inconsistent, with some studies producing positive results 

and other studies negative results for almost all cognitive components. Review studies 

(Heishman, Taylor, & Henningfield, 1994; updates by Heishman, 1998,1999, Heishman & 

Henningfield, 2000) stressed the importance of distinguishing between nicotine studies 

conducted with deprived smokers (who abstained from smoking for a period of time, usually 

overnight) and studies conducted with non-deprived smokers or non-smokers. Studies that 

used deprived smokers were more likely to find that nicotine had enhanced cognitive 
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performance, especially in finger tapping speed, which is a measure of central processing, 

and in tasks of sustained and selective attention. 

However, studies conducted with deprived smokers cannot conclusively demonstrate 

that nicotine improved cognitive functions, since tobacco deprivation itself has a negative 

impact on cognitive performance in smokers (Bell, Taylor, Singleton, Henningfield, & 

Heishman, 1999; Lyvers, Maltzman, & Miyata, 1994). As a result it is difficult, in studies 

using deprived smokers, to distinguish between nicotine effects that simply reversed 

cognitive decrements caused by deprivation, and nicotine effects that enhanced performance 

beyond that level (Heishman & Henningfield, 2000). According to Heishman (1998), the 

best way to obtain clear demonstrations of true enhancement of performance due to nicotine 

is to use subjects who are non-smokers or non-deprived smokers. If deprived smokers must 

be used, he recommends reporting pre-deprivation as well as post-deprivation results. He 

also criticizes many studies for failing to use placebo control conditions and single- or 

double-blind designs, and for using imprecise methods of nicotine dosing such as at-will 

cigarette smoking. 

Placebo-controlled studies that tested the effects of nicotine or smoking on non-

smokers and non-deprived smokers produced inconsistent results. The few studies that 

produced uncontradicted positive effects suggested that nicotine and smoking reliably 

enhanced finger tapping speed (West and Jarvis, 1986; Perkins et al., 1990,1994), short-

term focussed attention (mostly in choice reaction time tests where subjects press one 

button for one stimulus and another button for another stimulus; Hindmarch, Kerr, & 

Sherwood, 1990; Kerr, Sherwood, & Hindmarch, 1991; Le Houezec et al., 1994; Myers, 

Taylor, Moolchan, & Heishman, 2007) and recognition memory (Perkins et al., 1994). 

Generally, enhanced response speed was found to be a reliable effect across many types of 

cognitive tasks (Heishman et al , 1994). 

On the other hand, many placebo-controlled studies produced conflicting results on 

sustained attention/vigilance (positive effects in Foulds et al., 1996; Levin et al., 1998; 

Mumenthaler et al., 2003; negative or no effects in Wesnes, Warburton, & Matz, 1983; 

Wesnes & Warburton, 1984); on selective attention (improved performance in smokers in 

tasks of rapid visual information processing in Gilbert et al., 2005; no effect or impaired 

performance in non-smokers or non-deprived smokers in Heishman, Snyder, & Henningfield 
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(1993), Perkins et al. (1994) and Foulds et al. (1996); on verbal working memory 

(Sternberg paradigm: positive in West & Hack, 1991; Kerr et al., 1991; negative in Foulds et 

al., 1996); and on recall memory (positive in Rusted, Graupner, & Warburton, 1995; 

negative in Dunne, MacDonald, & Hartley, 1986; Hindmarch et al.,1990; Heishman et al, 

1993). Finally, a few placebo-controlled studies found uncontradicted negative effects. 

Nicotine or smoking had no effect or impaired performance in non-smokers or non-deprived 

smokers in tests of conditioned learning (Thornton et al., 1996) and reasoning and 

arithmetic (Dunne et al., 1986; Heishman et al., 1993). 

According to Heishman and Henningfield (2000), inconsistent results may be due to 

sub-optimal doses of nicotine or to the fact that subjects received only one dose during each 

experimental session. Infrequent dosing can cause nicotine-induced dysphoria in 

nonsmokers (Hindmarch et al., 1990; Heishman et al., 1993), which may interfere with their 

performance. To avoid this, Heishman and Henningfield recommended administering 

ascending doses of nicotine daily to non-smokers for eight consecutive days. 

Overall, the results of the placebo-controlled studies suggest that with the right task 

conditions and the right dosage, nicotine reliably improves short-term focussed attention, 

recognition memory and response speed in healthy adults, and may also improve sustained 

attention (vigilance), visual selective attention and working memory. 

1.5.3. Effects of Nicotine/Smoking on Cognition in Schizophrenia 

It is well known that schizophrenic patients have extremely high rates of cigarette 

smoking, ranging from 60% to 90% (see review by McEvoy & Allen, 2002), which is higher 

than the rate for other mentally ill patients (Diwan, Castine, Pomerleau, Meador-Woodruff, 

& Dalack, 1998; Leonard et al., 2001) and much higher than the rate for the general 

population. Time makes a difference because smoking rates have been declining steadily for 

decades: 50% of all Canadians aged 15 and over smoked in 1965, compared with 25% in 

2003 (Canadian Council for Tobacco Control, 2004). Studies found that 61% of 

schizophrenic patients in Calgary smoked (Addington, el-Guebaly, Addington, & Hodgins, 

1997) and 65% of schizophrenic and other psychotic patients in Montreal (Margolese, 

Malchy, Negrete, Tempier, & Gill, 2004), compared with roughly 28% of the general 

population (Health Canada, Tobacco Control Programme, 2004). According to Leonard et 
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al. (2000), the rate of smoking of schizophrenic patients has diminished much less than that 

of the general population. Schizophrenic men smoke more than schizophrenic women: in a 

1990 survey of American hospitalized schizophrenic patients, de Leon (1995) found rates of 

smoking of 93% for the men and 70% for the women. 

Canadian and U.S. rates cannot be generalized to other countries. In Greece, 

researchers (Beratis, Katrivanou, & Gourzis, 2001) reported smoking rates of 58% for 

schizophrenic patients and 42% for the general population, which is a much smaller gap than 

the 2-to-l ratio found in Canada. In Spain (Herran et al., 2000), 64% smoked among 

schizophrenic patients and 51% among healthy controls. In Israel (Itkin, Nemets, & Einat, 

2001), smoking rates were 45% for schizophrenic patients and 28% for the whole population. 

And in Japan, Mori et al. (2003) reported no difference between the smoking rates of schizo­

phrenic patients (34%) and of the general population (37%). These differences suggest that 

cultural factors play a role. 

When Forchuk et al. (2002) asked 100 hospitalized and non-hospitalized 

schizophrenic patients from London, Ontario, why they smoked, the main motives patients 

mentioned, in descending order, were sedative effect, control of negative symptoms, 

addiction, and control of medication side effects. For their part, experts proposed many 

possible motives, including (1) to obey a neurobiological compulsion; (2) to self-medicate 

the effects of their abnormal neurophysiology and their clinical symptoms; (3) to counteract 

the side effects of their medication; (4) to relieve stress and anxiety; and (5) to enhance their 

cognitive functioning. 

Neurobiological compulsion. As mentioned earlier, smoking seems to have a 

genetic component. This appears to be confirmed by findings that schizophrenic identical 

twins and their unaffected co-twins had similar rates of smoking that were substantially 

higher than the rates for healthy controls (Lyons et al., 2002). Another biological link 

between smoking and schizophrenia was discovered when Freedman et al., (1995), in a study 

of postmortem brain tissue, found that schizophrenic patients who smoked had fewer a7 

nicotinic receptors in the hippocampus than control smokers, which may cause a failure of 

cholinergic activation of inhibitory interneurons that results in a decrease of the gating or 

filtering of response to sensory stimulation. 
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Neurobiological factors may partly explain why cessation of smoking is extremely 

difficult to achieve in schizophrenic patients (George et al., 2002). According to Ziedonis 

and George (1997), nicotine withdrawal can exacerbate the clinical symptoms of 

schizophrenia. Biological factors were also held responsible for the fact that schizophrenic 

patients smoke more heavily than control smokers; they use more cigarettes per day and 

inhale more deeply, producing a greater concentration of nicotine in the blood for the same 

number of cigarettes (Olincy, Young, & Freedman, 1997; Simosky, Stevens, & Freedman, 

2002) 

Self-medication. Many studies tried to understand the effects of smoking on the 

clinical symptoms of schizophrenia by comparing schizophrenic smokers and nonsmokers, 

but the results were conflicting and difficult to interpret. A review by Newhouse, Singh and 

Potter (2004) concluded that smoking may be a marker for more severe symptomatic forms 

of the disease, and that smoking may reduce some symptoms for a brief period of time. The 

most compelling reason to believe that schizophrenic patients smoke to medicate themselves 

is that nicotine ameliorated or corrected three main endophenotypes of schizophrenia that are 

shared by patients and their close relatives (see earlier section on Neuropathology of 

Schizophrenia): nicotine/smoking improved their deficiencies in smooth pursuit eye 

movement (Olincy, Ross, Young, Roath, & Freedman, 1998), strengthened their prepulse 

inhibition (PPI) of the acoustic startle response (Kumari, Soni, & Sharma, 2001) and 

normalized their P50 auditory sensory gating deficit (Adler, Hoffer, Wiser, & Freedman, 

1993; Adleretal., 1998). 

The most intriguing hypothesis concerning smoking as self-medication came from 

Zammit et al. (2003), who performed a longitudinal study of more than 50,000 Swedish 

conscripts. After adjusting for many possibly-confounding variables, they reported that 

smoking at ages 18-20 was associated with a lower risk of developing schizophrenia, and 

concluded that smoking may be a protective factor for schizophrenia. This seemed to be 

contradicted by an Israeli study of more than 14,000 recruits which found a higher 

prevalence of smoking in apparently-healthy male adolescents who were later hospitalized 

for schizophrenia (Weiser et al., 2004), but the Israeli researchers conceded that the Swedish 

study had a longer follow-up (27 years vs. 4-to-16 years), more participants with a much 

higher rate of smoking (59% vs. 28%), and much more information about important 
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confounding factors such as drug and alcohol problems and family psychiatric histories. 

Among the Swedish conscripts, before adjustment for confounders, the smokers were 1.7 

times as likely as non-smokers to be hospitalized later for schizophrenia. 

Counteracting side effects of medication. Older typical antipsychotic drugs such as 

haloperidol reduce positive symptoms but cause significant parkinsonian side effects and 

some cognitive impairment (Meltzer, Park, & Kessler, 1999). Newer atypical antipsychotics 

diminish positive and negative symptoms, produce much fewer parkinsonian effects and 

appear to slightly enhance cognition (Meltzer & McGurk, 1999). Schizophrenic patients 

increase their smoking when they start taking the typical drug haloperidol (McEvoy, 

Freudenreich, Levin & Rose, 1995) and decrease their smoking when they take or switch to 

an atypical drug (McEvoy et al., 1995). This is believed to occur because smoking 

diminishes the movement disorders (Simosky et al., 2002) and the cognitive deficits caused 

by typical drugs (Levin, Wilson, Rose, & McEvoy, 1996). A study of Ontario drug benefit 

claimants for 1996-1997 (Dewa, Remington, Herrmann, Fearnley, & Goering, 2002) reported 

that many patients, especially seniors, were still taking the older typical drugs in spite of the 

fact that seniors are most susceptible to parkinsonian symptoms. 

Relieving stress and anxiety. Apart from self-report studies in which schizophrenic 

patients said they smoked to relax or to settle their nerves (Forchuk et al., 2002; Glynn & 

Sussman, 1990), little evidence exists to support the view that these patients start smoking or 

continue to smoke because it relieves their feelings of stress and anxiety. In 1991, Pomerleau 

and Pomerleau wrote that "The relationship between stress and smoking, and a corresponding 

link between smoking and anxiety reduction, are so well entrenched in the lore concerning 

cigarette smoking that they have assumed the status of truisms" (p. 599). This was challenged 

by Parrott (2003,2004), who alleged that the perceived benefits of cigarettes for mood 

change were temporary, and that in the longer term the repetitive experience of irritability 

and other withdrawal symptoms that occur between cigarettes cause smokers to suffer worse 

daily moods than non-smokers. 

To sort out these conflicting views, Kassel, Stroud and Paronis (2003) reviewed the 

research on smoking and its relation to anxiety and stress (defined as psychological response 

to taxing situations) in non-mentally-ill people. They concluded that stress was associated 

with a greater risk to begin smoking; that higher stress levels were correlated with smoking 
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and with heavier smoking; but that findings on the nature of a possible causal link between 

smoking and stress were inconsistent. They found that although anxiety-provoking 

problems were positively correlated with smoking and with heavier smoking, anxiety had 

not provoked the onset of smoking, but that addiction to smoking may have increased 

subsequent anxiety disorders. On the question of whether smoking had been effective in 

reducing stress and anxiety, Kassel et al. found conflicting results for both stress and anxiety. 

It therefore appears that all allegations about the links between smoking and stress, and 

between smoking and anxiety, must be studied further before conclusions can be reached. 

Enhancing cognitive functioning. Many experts believe that schizophrenic patients 

smoke to attenuate their cognitive dysfunction (Newhouse, Potter, & Singh, 2004; Rezvani & 

Levin, 2001). This view is partly supported by findings that the number of cigarettes 

schizophrenic patients smoked per day was associated with the severity of their cognitive 

impairments (Taiminen et al., 1998). Only a few placebo-controlled experiments tested the 

effects of nicotine on cognition in schizophrenic patients, but all of them reported that 

nicotine had produced at least one type of cognitive improvement in the patients. The 

participants were all schizophrenic smokers (Levin et al., 1996; Smith et al., 2006; Smith, 

Singh, Infante, Khandat, & Kloos, 2002), or schizophrenic patients and control subjects who 

were all smokers (Depatie et al., 2002; Jacobsen et al., 2004), or patients and controls who 

were all nonsmokers (Barr et al., 2008). Participants who were smokers were all deprived of 

nicotine for some period of time, usually overnight. 

Uncontradicted positive results from these placebo-controlled studies indicated that 

nicotine had enhanced visual sustained attention in performances on the Continuous 

Performance Test (Barr et al., 2008; Depatie et al., 2002; Levin et al.,1996; Smith et al., 

2006) and improved visuospatial working memory in tests of spatial rotation, spatial 

organization and delayed visual matching to sample (Levin et al., 1996; Smith et al., 2006; 

Smith, Singh, Infante, Khandat, & Kloos, 2002). Mixed results were obtained for verbal 

working memory (positive effects in Jacobsen et al., 2004, and Smith et al., 2002; negative 

effects with the Sternberg paradigm in Levin et al., 1996, and Smith et al., 2006) and 

negative results for two simple choice-reaction-time tests of short-term focussed attention 

(Levin et al.,1996; Smith et al , 2002). 
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Jacobsen et al. (2004) used an n-back task with two levels of verbal working memory 

(1: respond yes for a back-to-back repetition; 2: respond yes for a repetition separated by a 

different word) and two levels of selective attention (binaural or dichotic with changing 

focus). Significant results were obtained only for the most difficult task condition (dichotic 

2-back); nicotine improved the performance of schizophrenic patients and worsened the 

performance of control subjects. Concurrent fMRI scanning showed that nicotine enhanced 

functional connectivity to a greater degree in schizophrenic than in control subjects during 

dichotic 2-back task performance. Barr et al. (2008) found that nicotine improved selective 

attention in schizophrenia patients on a Card Stroop task. 

Two other studies that were not placebo-controlled compared the baseline and post-

nicotine-nasal-spray performance of participants who were schizophrenic patients (smokers 

and non-smokers) and healthy controls (smokers and non-smokers). The first study, by Sherr 

et al. (2002), which was primarily a test of smooth pursuit eye movement, found no effects of 

nicotine on complex visual sustained attention as measured by the Continuous Performance 

Test - Identical Pairs (CPT-IP), in which subjects must respond when two identical numbers 

are shown consecutively. The second study, by Myers et al. (2004), reported that nicotine 

had significantly improved the performance of schizophrenic patients who were smokers on a 

delayed visuospatial recognition memory task, but that it had not enhanced visuospatial 

working memory in a delayed match-to-sample task. 

Finally, Silver et al. (2002) compared the finger-tapping rates of hospitalized 

schizophrenic patients who were smokers and non-smokers, and found that the smokers had a 

significantly higher finger-tapping rate for both hands. These results support the hypothesis 

that smoking is associated with faster central processing and that nicotine can ameliorate 

the abnormally slow responses that have been associated with schizophrenia (King, 1991). 

Yang et al. (2003) found a strong negative relationship between finger-tapping speed and the 

dosage of antipsychotic medication. 

To compare the effects of nicotine/smoking on the cognitive functioning of healthy 

and schizophrenic subjects, summary results of the placebo-controlled studies are presented 

in Table 3. The table makes clear that nicotine/smoking has very different effects on these 

two groups. Most striking, nicotine/smoking produced reliable improvements in 

performance on four tests of short-term focussed attention involving healthy subjects, but had 
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no significant effect in either of two similar tests using schizophrenic participants. 

Conversely, nicotine/smoking improved the performance of schizophrenic patients on three 

tests of visual sustained attention/vigilance, but produced contradictory results in sustained-

attention tests with healthy participants. Selective attention tests produced mixed results in 

both patients and healthy participants. 

Table 3. Results of Placebo-Controlled Tests of the Enhancing Effects of 
Nicotine/Smoking on Cognitive Functioning in Healthy and Schizophrenic Subjects 

Type of Results 

Uncontradicted 
enhancing effect 

Mixed results 

Uncontradicted 
negative effect 
or no effect 

Healthy Subjects 

- short-term focussed attention (4 tests) 
- recognition memory (1) 
- finger-tapping speed (3) 
- response speed (many) 

- sustained attention/vigilance 
(3 positive; 2 negative or no effect) 

- verbal working memory 
(2 positive; 1 negative or no effect) 

- recall memory 
(1 positive; 3 negative or no effect) 

- selective attention 
(1 positive; 3 negative or no effect) 

- conditioned learning (1) 
- reasoning/math (2) 

Schizophrenic Subjects 

- visual sustained attention/vigilance (3 tests) 
- visuospatial working memory (3) 

- verbal working memory 
(2 positive; 1 negative) 

- selective attention 
(2 positive; 1 negative) 

- short-term focussed attention (2 tests) 

1.5.4 Theories of Attention and Nicotine/Smoking 

Although more research is needed to produce solid conclusions about the effects of 

nicotine on cognition, the results shown in Table 3 give credence to the belief that nicotine 

enhances cognitive performance. The first theory that was developed to explain this 

phenomenon hypothesized that nicotine, by means of a mechanism that remains unclear, acts 

as a stimulus barrier that filters out irrelevant and undesirable stimuli, thereby improving 

concentration (Friedman, Horvath, & Meares, 1974; Knott, 1978). Kassel (1997) expanded 

this stimulus-filter hypothesis by suggesting that nicotine enhances attentional processing by 
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(a) filtering out irrelevant stimuli, and (b) increasing the processing capacity allocated to 

relevant stimuli. 

These proposals were strongly influenced by the two main early modern 

psychological theories of attention, which are the "filter model" and the "capacity model." 

Under the filter model, also referred to as "early selection theory" and developed by 

Broadbent (1958), all stimuli were said to proceed into the system in a parallel manner until 

they reached an early sensory buffer, at which point an internal filtering mechanism selected 

some (relevant) stimuli for further processing by a single-channel, limited-capacity central 

processor, while preventing other (irrelevant) stimuli from advancing further. Broadbent 

(1977) revised his filter theory to specify that in addition to an early selection based on 

physical cues (filtering), he also proposed a later selection mechanism (called 

"pigeonholing") which is based on semantic cues. Treisman (1960) further modified the 

filter model by suggesting that irrelevant stimuli were attenuated rather than completely 

blocked. 

Filter theories raised the question of why two or more pieces of information could not 

be processed at the same time. This led to the capacity (or resource) model of attention, in 

which Kahneman (1973) proposed the notion that attention is a limited-capacity 

undifferentiated resource that is distributed among all competing processes in a manner that 

varies with the momentary intentions and enduring dispositions of each individual. This was 

challenged by Wickens (1984), who argued that attention is divided among multiple resource 

pools related to the modality of the input (visual or auditory), the stage of processing 

(perceptual/central or response) and the perceptual/central processing code (verbal or 

spatial). Unlike Kahneman, Wickens predicted that performance would deteriorate only if 

two tasks competed for the same resources within the same pool. The capacity model was 

further qualified when Posner (1978) and Schiffrin and Schneider (1977) distinguished 

between automatic and controlled processing. Automatic processes are fast, act in a parallel 

fashion, use little or no capacity, do not interfere with other processes and occur without 

conscious awareness of intentionality. Controlled processes are slow, serial and capacity 

demanding. 

How do these general attentional models relate to the specific models of nicotine and 

attention and to research findings on the effects of nicotine/smoking on attention? According 
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to the stimulus-filter hypothesis of smoking, nicotine brings about a further narrowing of 

Broadbent's attentional filter, so that a smaller proportion of stimuli is allowed into the 

system for processing. According to Kassel's dual hypothesis, nicotine narrows the 

attentional filter and, additionally, it increases the processing capacity (from Kahneman's 

capacity model) that is devoted to relevant stimuli so that they are processed more efficiently. 

The stimulus-filter hypothesis is a plausible explanation for the fact that nicotine has 

improved the performance of participants who responded to target (relevant) stimuli in the 

presence of distracting (irrelevant) stimuli (Pickworth, Herning, & Henningfield,1986; 

Provost & Woodward, 1991). The capacity-enhancement hypothesis could explain the 

findings of Lyvers, Boyd and Maltzman (1988), who used electrodermal responses as an 

index of attention and found that smoking increased skin conductance responses to relevant 

tones requiring a response, but had no effect on responses to irrelevant tones. The 

researchers concluded that smoking had not enhanced attention by filtering out irrelevant 

stimuli, but by selectively enhancing the processes associated with the attended relevant 

stimuli. 

These theories of attention are also very relevant to schizophrenia. Even before 

Broadbent formulated his filter model, schizophrenic symptoms were blamed on a "broken 

filter" which caused deficits in these patients' capacity to initiate or maintain selective 

attention (Nuechterlein & Dawson, 1984; Spring, Weinstein, Freeman, & Sherman, 1991). 

Formal thought disorder and hallucinations were attributed to a defective filter mechanism 

that made schizophrenic patients unable to be focally attentive and to ignore environmental 

events that are irrelevant to current activities (Chapman and McGhie, 1962; Payne & Caird, 

1967). 

Schizophrenic symptoms were also attributed to an attentional capacity dysfunction. 

According to Michie, Fox, Ward, Catts and McConaghy (1990), "A dysfunction in any of the 

hypothesized components of the current models of information processing, such as a 

disturbance of automatic processing, or in the allocation of capacity, or in the amount of 

capacity available, would be predicted to have devastating effects on the intellectual 

functioning and task performance of the affected individual" (p. 210). Whether the attention 

problems of schizophrenic patients are due to a defective attentional filter, to dysfunctions in 
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attentional capacity, or to both, it appears that these patients might benefit from nicotine 

since it has been proposed to alleviate both types of problems (Kassel, 1997). 

Newhouse et al. (2004) formulated a new theory of nicotine and cognitive 

performance that encompasses both healthy and schizophrenic individuals. Based on the 

Yerkes-Dodson principle (1908) of optimal levels of arousal (too much or too little arousal 

produces inferior performances), this theory predicts that nicotine will not improve and may 

even impair cognitive functioning in healthy non-smokers, but that it will enhance cognition 

in smokers and in some psychiatric patients, including schizophrenics. This is explained by 

the fact that most healthy non-smokers are already functioning at, or near, their optimal level 

and will therefore be pushed beyond their optimal point by nicotine, while 

smokers and schizophrenic patients are operating under sub-optimal conditions and need the 

enhancing effects of nicotine on their neurotransmitters to bring them to the optimal level 

that will elicit their best performance. Paradoxically, nicotine appears to stimulate the central 

nervous system while it inhibits the perception of non-relevant stimuli. 

1.6 EVENT POTENTIALS, ATTENTIONAL ORIENTING AND SCHIZOPHRENIA 

Most studies of cognition in schizophrenia consist of observing patients and control 

subjects while they perform cognitive tasks. Theories concerning the nature of schizophrenic 

dysfunctions are primarily based on patients' deficits in performing such tasks, such as in 

accuracy of responses, nature of errors or response latencies. As Michie (1995) pointed out, 

this approach is clearly limited since overt performance measures are opaque to the mental 

steps that intervene between the presentation of a stimulus and the production of an overt 

response. The strength of brain event-related potentials (ERPs) is that they make it possible 

to monitor those intervening steps in order to provide details of normal and abnormal neural 

processing of information. Other imaging techniques can also analyze neural information 

processing, but ERPs have the advantage of a vastly superior time resolution: they are a 

thousand times faster than the other imaging methods (McCarley, Faux, Shenton, Nestor, & 

Adams, 1991). Particularly important for the purposes of this thesis, 

ERPs provide a unique means of carrying out a fine-grained analysis of 
selective attention processes, specifically those processes involved in the 
focusing of attention on one source of stimuli when there are multiple sources 
present and in the maintenance of the focus of attention (Michie, 1995, p. 
307). 
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The rest of this section contains an introduction to ERPs, a description of the links between 

ERPs and the concepts of controlled and automatic pre-attentive information processing, as 

well as a review of ERP research related to the processes of orienting and reorienting in 

healthy people and in schizophrenic patients. 

1.6.1 Introduction to Event-Related Potentials 

Event-related potentials are patterns of brain electrical activity recorded from an 

electro-encephalogram (EEG) that occur when subjects experience stimuli that can be 

exogenous) or internal (endogenous) to them. These time-locked, scalp-recorded changes in 

electrical voltage that accompany the presentation of specific stimuli are called "event-related 

potentials" or "event potentials" or ERPs. ERPs are obtained by averaging brief (~ 1 second) 

EEG epochs recorded over 100 or more stimulus trials (Fabiani, Gratton, & Coles, 2000). 

Averaging cancels out the random electrical activity emanating from brain sites that are not 

involved in the repeated stimulus presentation, leaving only the neural activity that occurred 

in response to the stimulus. As shown in Figure 1, this neural activity appears as several 

positive (P) and negative (N) voltage peaks (called "components") in the ERP waveforms. 

Figure 1. ERP waveforms elicited by frequent (dotted line) and rare (solid line) stimuli 
from the parietal scalp site of a young adult during a visual count task 

The main variables in ERP research are: (1) the amplitude or size of the components, 

defined as the difference (in voltage) between a prestimulus baseline (the horizontal line in 

Figure 1) and the largest (positive or negative, depending on the point of interest) peak in a 

given latency window; (2) the latency of the components, defined as the time elapsed (in 
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milliseconds, or ms) between stimulus onset (see arrow on the scale at the bottom of Figure 

1) and the occurrence of the peak/component of interest; and (3) the scalp distribution, 

which is the change in component amplitude across recording sites on the subjects' scalps 

(Picton et al., 2000). Specific ERP components reflect unique stages of information 

processing. ERP components that occur early (roughly within 200 ms of stimulus onset, such 

as components P50, Nl, P2 and N2) are called "exogenous" or "sensory" because they are 

primarily affected by the physical properties of stimuli, such as their intensity and frequency. 

Later components (such as P3 and P4) are "endogenous" or "cognitive" because they are 

primarily elicited by internal cognitive factors (such as the perceived relevance of the 

stimulus to the task) and can even occur in the absence of external stimuli. The neural 

generators of ERP components are not well known. Since only ERP peaks produced by 

neural generators with the proper orientation and configuration are detected at the scalp, it is 

likely that ERPs represent only a portion, albeit perhaps a sizable portion, of the brain 

activity associated with specific stimuli (Fabiani et al., 2000; Johnson, 1995). 

1.6.2. ERPs and Controlled Vs. Automatic Processing in Schizophrenia 

Hundreds of experiments have used ERPs to study schizophrenia. As mentioned 

earlier (see endophenotypes of schizophrenia; nicotine as self-medication), some of these 

studies concerned the automatic exogenous P50 component. Unlike healthy subjects, who 

typically show a diminished P50 response to the second of a pair of consecutive auditory 

stimuli, thereby demonstrating normal inhibitory filtering/gating of stimuli, schizophrenic 

patients and their close relatives often fail to show a diminished P50 to the second stimulus 

(Light & Braff, 1999). This abnormality is reduced when schizophrenic patients take 

nicotine (Adler et al., 1998). 

Until the 1990s, most of the other ERP studies of schizophrenic patients, like the 

majority of all ERP studies, were devoted to the endogenous P3 component (see Figure 1), 

also called P3b (reviews: Ford, 1999; Hansenne, 2000; Jeon & Polich, 2003; Muller, Kalus, 

& Strik, 2001). The stimulus paradigm that is almost invariably used to elicit the P3b is a 

simple sustained attention task called the "oddball paradigm," in which two stimuli are 

presented randomly so that one of them - the oddball - appears less frequently than the other. 

In the auditory version of the oddball paradigm, for example, two tones are presented through 



Nicotine and schizophrenia 36 

earphones, with the target (usually higher-frequency) tone occurring less often than the non-

target (lower-frequency) tone. Subjects are asked to respond to target tones (by counting the 

targets, or pressing a button, etc.) and to abstain from responding to non-target tones (Fabiani 

et al., 2000). The P3b occurs when subjects detect and process infrequent and meaningful 

changes (oddball stimuli) in the environment. As a result, P3b amplitude and latency reflect 

controlled information processing. P3b amplitude is correlated with the amount of 

attentional resources devoted to a task (reviewed in Kok, 2001) and P3b latency is believed 

to be a measure of stimulus classification speed (see Polich & Herbst, 2000). Many P3b 

studies (see Ford, 1999) reported decreased amplitudes and longer latencies in schizophrenia 

in various experimental paradigms. Michie (1995) wrote that, "One of the most robust 

findings in ERP research into psychopathology is the observation of a P3b amplitude 

reduction in patients with a diagnosis of schizophrenia" (p. 302). 

Since the early 1990s, an increasing proportion of ERP studies have examined the 

relationship between schizophrenia and the earlier ERP components that reflect automatic 

pre-attentive information processing. Shelley et al. (1991) were the first to discover an 

abnormal pre-attentive mismatch negativity (MMN) component in schizophrenic patients. 

They suggested that that the extensive schizophrenic deficits in controlled processing 

revealed in P3b studies may in fact be secondary to schizophrenic impairments in pre-

attentive processing which had yet to be seriously explored. If we assume, like Duncan 

(1984) and Treisman (1988), that controlled processes operate on the output from earlier 

automatic pre-attentive processing, it is to be expected that impairments in early pre-attentive 

processes could have a profound impact on subsequent controlled processes, either because 

the controlled processes are operating on deficient sensory information, or because they have 

to take over some of the processing that would normally be carried out by pre-attentive 

mechanisms (Michie, 1995). 

Naatanen (1992) and Cowan (1995) suggested that the MMN component, which 

detects deviant or novel stimuli in a series of repetitive auditory stimuli, reflects the activity 

of our involuntary attention-orienting system. (Sokolov, 1963). According to Friedman, 

Cycowicz and Gaeta (2001), 

The orienting response is an involuntary shift of attention that appears to be a 
fundamental biological mechanism necessary for survival. Orienting is a 
rapid response to new (never experienced before), unexpected (out of context) 



Nicotine and schizophrenia 37 

or unpredictable stimuli, which essentially functions as a 'what-is-it' detector. 
. . the detection of the event precedes orienting and, if it is sufficiently deviant, 
engenders the involuntary capture of attention, enabling the event to enter our 
consciousness, thus permitting an evaluation of the significance of the 
stimulus. This could lead, if the event is deemed significant, to behavioral 
action (p. 356). 

Cowan (1995) pointed out that although researchers tend to consider distraction by 

deviant or novel stimuli as a nuisance that interferes with attention-driven primary task 

performance, in real life it is rapid attention shifts provoked by novel or deviant stimuli that 

are more likely to be important. Escera, Yago and Alho (2001) agree that "Surviving in the 

natural environment requires the rapid switching of attention among potentially relevant 

stimuli" (p. 877). Schroger and Wolff (1998a) took the Naatanen-Cowan model further by 

proposing a multi-component attention-orienting-and-reorienting mechanism in which (1) 

the MMN starts the orienting process by indexing the involuntary automatic detection of 

change in incoming stimuli; (2) a subsequent P3a components signals an involuntary switch 

in the orientation of attention toward the novel distractor stimulus; and (3) a late negative 

component, the reorienting negativity or RON, reflects the reorientation of attention back 

toward the main task that was disturbed by the distractor stimulus. 

1.6.3 Review of Orienting-Related ERPs in Healthy People and in Schizophrenia 

As mentioned above, the main ERP components that have been linked to attentional 

orienting and reorienting are the mismatch negativity (MMN), the P3a and the late 

reorienting negativity (RON). ERP research on these components in healthy subjects and in 

schizophrenic patients is reviewed below, as well as research on the Nl component, which 

overlaps the MMN component and is therefore important in the broader context within which 

the orienting and reorienting components/processes operate. Since pre-attentive ERPs are 

automatic and occur even when a subject's attention is not engaged, one of the most effective 

paradigms to elicit these ERPs are selective attention tasks such as dichotic listening with 

forced attention to one ear, which require subjects to pay attention to sound stimuli from one 

ear (attended ear, controlled processing) while ignoring sound stimuli from the other ear 

(unattended ear, automatic processing). Brief descriptions of the orienting-relevant ERP 

components and of the effects of schizophrenia are shown in Table 4. 
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Nl component. This large early ERP, peaking at approximately 80-100 ms, is 

usually elicited by sounds after a period of silence (Naatanen & Picton, 1987) and is largest 

over the fronto-central areas of the scalp (Muller-Gass & Campbell, 2002). It is a primarily 

exogenous component that is difficult to interpret because many components overlap around 

those latencies. Most researchers agree with Naatanen (1992) that Nl is primarily a sensory 

ERP which is mostly affected by the physical characteristics of stimuli; the more intense the 

stimuli, the greater the Nl amplitude. Others (Woldorff & Hillyard, 1991; Vogel & Luck, 

2000) insist that the Nl is more than a little endogenous and that attention has a significant 

direct effect on it. This appears to be confirmed by the fact that the Nl is greater when it is 

elicited by a stimulus that is the focus of attention (attended). According to Naatanen (1992), 

however, this Nl attention effect is the result of an increase in another component that 

overlaps the Nl, the "processing negativity." Auditory Nl has been associated with two 

different neural sources in the auditory cortex, including the auditory cortices on the 

supratemporal plane, and the auditory association region of the superior temporal cortex 

(Muller-Gass & Campbell, 2002). Naatanen and Picton (1987) also suggested widespread 

neural generators across brain regions, such as the motor and premotor cortices, under the 

influence of the reticular formation and perhaps the thalamus. 

Nl and schizophrenia. In an important early dichotic listening study by Baribeau-

Braun, Picton and Gosselin (1983), in which medicated schizophrenic patients and healthy 

control subjects had to focus on one ear to detect oddball sounds among standard ones while 

ignoring other standard and odd sounds presented to the other ear, the Nl component was 

larger for controls than for patients and for the attended than for the ignored stimuli. In 

addition, patients produced no Nl component when sound stimuli were delivered at a slow 

rate (randomized 500 to 1500 ms) but showed an Nl as large as that of controls when the 

stimuli were delivered at a faster rate (randomized 250 to 750 ms). The absence of Nl when 

a longer interstimulus interval was used was interpreted to reflect a problem in the control 

mechanisms that create and maintain the strategy of selective information processing. 
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Table 4. Effects of Schizophrenia on ERP Components Involved in Orienting-Reorienting 

Component 

Nl 

MMN 
(mismatch 
negativity) 

P3a 

RON 
(reorienting 
negativity) 

Description 

Primarily exogenous/sensory 
Peaks around 80-100 ms 
Elicited by physical characteristics 
of stimuli. 

Endogenous and automatic 
Not dependent on attention 
From 50 ms, peaks around 100-240 ms 
Elicited by change in repeating stimulus 
Calculation: deviant minus standard 

Endogenous and automatic 
Not dependent on attention 
Peaks around 300 ms (before the P3b) 
Elicited by novel/unexpected/deviant 
stimuli 

Endogenous 
Not dependent on attention 
Latency around 480-550 ms 
Elicited by deviant distractor stimuli 

Effect of Schizophrenia 

Smaller and delayed 
Absent if tones delivered slowly 

Smaller to duration-deviant 
distracting tones; less 
consistently, smaller to 
frequency-deviant tones 

Smaller and delayed 

To be determined 

Many other Nl studies of schizophrenia found abnormally small amplitudes (see 

reviews by McCarley et al., 1991; Iwanami, Isono, Okajima, Noda, & Kamijima, 1998) and 

prolonged latencies (Adler & Gattaz, 1993; Connelly, Gruzelier, Machanda, & Hirsch, 1983) 

in these patients. These studies also confirmed that differences between the Nl amplitude of 

schizophrenic patients and controls consistently emerged when stimuli were presented more 

slowly (interstimulus interval or ISI longer than 2 s; reviewed by Javitt, 2000). This was 

attributed to the fact that the Nl amplitude of patients reached a plateau around ISI 2s, while 

the Nl amplitude of controls continued to rise until the ISI reached 5-10 s. However, 

Shelley, Silipo and Javitt (1999) and Ahveninen et al. (2006) found significant reductions in 

Nl amplitude in patients with an ISI of 0.5 s. Nl impairments in schizophrenia were 

correlated with auditory-cortex neuronal abnormalities in neuro-imaging studies (McCarley 
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& al., 1999) and in postmortem studies of cortical pyramidal cells (Sweet et al., 2004). 

Ahveninen et al. (2006) found reduced Nl in schizophrenic patients and in their unaffected 

co-twins, suggesting that underlying neuronal deficits might be associated with a genetic 

predisposition to schizophrenia. 

Mismatch negativity (MMN, see Table 4). First described by Naatanen, Gaillard 

and Mantysalo (1978), the MMN is a small negative component which peaks around 100-250 

ms after stimulus onset. Most often studied in the auditory modality, it is automatically 

elicited by any type of change (of duration, frequency, intensity, location, pattern, etc.) in a 

repeating series of auditory stimuli, even in the absence of attention or behavioural response. 

The MMN reflects auditory pre-attentive sensory processing, which signals that an incoming 

sound was compared to the sensory memory of the features of the previous repeated sounds 

and was found to differ from it (Naatanen, 1990, 1992). The amplitude of the MMN 

increases and its latency shortens with increasing difference between the incoming sound and 

the previous repeated sounds. The memory representation that is required to produce the 

MMN is stored for approximately 10 seconds during the stimulus-feature-extraction activity 

reflected in the Nl and other early ERPs. It is developed over several presentations and can 

become inactive over a silent period (Cowan, Winkler, Teder, & Naatanen, 1993; Muller-

Gass et al., 2002). Analogous responses were observed in the other sensory modalities, 

including the visual, the somatosensory and the olfactory (reviewed in Naatanen, 

Paavilainen, Rinne, & Alho, 2007) 

The MMN is largest over fronto-central areas of the scalp. Neuronal generators of 

the MMN were reported for the supratemporal auditory cortices, with frontal lobes also 

playing a role (Doeller et al., 2003; Kircher et al., 2004; Molholm, Martinez, Ritter, Javitt, & 

Foxe, 2005; Opitz, Rinne, Mecklinger, von Cramon, & Schroger, 2002; Rinne, Degerman, & 

Alho, 2005; Sabri, Liebenthal, Waldron, Medler, & Binder, 2006; Shalgi & Deouell, 2007; 

Thonnessen et al., 2008). The MMN is best seen as a difference wave calculated by 

subtracting the waveform elicited by non-attended repeated standard stimuli from the 

waveform elicited by non-attended infrequent deviant stimuli in a passive (no-task) 

paradigm, as shown in Figure 2. This subtraction process removes ERP components that 

automatically react to the physical characteristics of both standard and deviant stimuli, 
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Figure 2. Left: Grand-Averaged ERPs Elicited by Standard and Deviant Stimuli in 
a Distraction Paradigm; Right: Difference Waveform (Deviant Minus Standard) 
Showing MMN, P3a and RON Components 

- 3 | J V 

especially the Nl. The MMN ERP that remains after this subtraction reflects the brain's 

reaction to the change from the previous repeated sound to the new and different sound. 

As mentioned earlier, Naatanen (1992) and Cowan (1995) suggested that the MMN is 

a manifestation of the activity of our involuntary attention-orienting system. This is 

supported by the fact that the MMN and the orienting response have many features in 

common. Both are associated with the frontal areas of the brain (Naatanen, 1992). Novel 

environmental stimuli automatically trigger the orienting response, which focuses attention 

on them while it attenuates other stimuli. Similarly, the MMN is an automatic alerting 

system to changes in the environment. When it surpasses a given threshold amplitude, it 

triggers a series of brain processes that produce an involuntary switch in attention (Schroger, 

1997). As a result, the processing of ongoing cognitive tasks ceases, and attention is diverted 

to the new auditory stimulus. The benefit of the switching of attention toward the auditory 

distractor is that it makes the observer aware of potentially relevant information. However, 

there is a cost: the switching of attention may result in a deterioration in performance on the 

task at hand. This is what is meant by "distraction." Escera, Alho, Winkler and Naatanen 

(1998) indicate that the P3a, a later centro-frontal positive component that is discussed 

below, provides the actual index of the switching of attention. 

Most studies of the MMN (reviewed in Naatanen et al., 2007) used simple paradigms 

in which frequent and infrequent stimuli (e.g. tones of 1000 and 1100 Hz, respectively) were 
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presented in random order, with the infrequent sound eliciting an MMN. In the so-called 

"oddball" paradigm, frequent tones are called "standard" and infrequent tones "deviant." 

Since the MMN is elicited irrespective of the subject's attention, no behavioural task is 

required. However, such tasks are often used to divert subjects' attention away from the 

MMN-eliciting stimulus sequence in order to prevent enhancements in attention-dependent 

ERP components such as the N2b. MMN studies (see Naatanen et al., 2007) demonstrated 

that it is the product of a process of comparison of a new deviant stimulus with memory 

traces of the repeated previous train of stimuli, and not the result of fresh afferent neural 

populations activated by deviant stimuli contributing to other components such as the 

exogenous Nl. Most convincing in that regard are (1) the lack of any MMN-type of response 

to the first stimulus of a sequence, or to stimuli presented with very long inter-stimulus 

intervals; (2) the MMN elicited by a decrement in stimulus duration or frequency, which 

cannot be attributed to new afferent neurons; and (3) the MMN elicited by the omission of an 

element in a repeated stimulus pattern. 

The MMN is influenced by many stimulus factors, the most crucial being the 

probability of the deviant and the degree of its deviance (reviewed in Naatanen et al, 2007). 

The greater the deviance, that is the difference in physical or other characteristics between 

the deviant and standard stimuli, the greater the MMN amplitudes and the shorter the MMN 

latencies. The minimum degree of deviance required to produce an auditory MMN roughly 

corresponds to the behavioural discrimination threshold. Deviant stimuli with a smaller 

probability of presentation produce greater and shorter MMN. This means, for example, that 

all else being equal, an experiment using stimuli that are 30% deviant and 70% standard 

would produce smaller and slower MMN components than a similar experiment using stimuli 

that are 10% deviant and 90% standard. This is due (1) to a weaker memory trace being 

established by the standard stimuli, which is presented less often; and (2) by the fact that 

more frequent deviant stimuli develop a memory trace of their own that inhibits MMN 

generation. 

Because the MMN has good replicability over short periods of time (two hours in 

Escera & Grau, 1996; one month in Pekkonen, Rinne, & Naatanen, 1995; one week in 

Tervaniemi et al., 1999), it has clinical utility with some populations. In healthy subjects, 

Lang et al. (1990) used it to assess the accuracy of tone pitch discrimination in high-school 
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pupils; Bazana and Stelmack (2002) reported shorter MMN latencies in subjects with higher 

mental ability. In clinical populations, associations were found between MMN amplitudes 

and speech perception in cochlear-implant patients (Kraus et al, 1993; Groenen, Snik & van 

der Broek, 1996; Kelly, Purdy & Thome, 2005; Roman, Canevet, Marquis, Triglia, & 

Liegeois-Chauvel, 2005). Aaltonen, Tuomainen, Laine, & Niemi (1993) used MMN to assess 

perceptual deterioration caused by brain lesions; and Kraus et al. (1996) found it useful to 

identify speech-discrimination difficulties in children with learning problems. Studies with 

clinical populations were careful to use short inter-stimulus intervals to prevent memory 

decay from affecting the results. This would happen if the memory trace of the standard 

stimuli did not last until the delivery of a deviant stimulus. Pekkonen, Hirvonen, 

Jaaskelainen, Kaakkola and Huttunen (1994) used this logic to examine sensory memory 

duration in Alzheimer's disease. They found normal MMN in these patients at a short ISI of 1 

s, but at 3 s controls exhibited an MMN while the patients did not. Similar studies with 

schizophrenic patients are reviewed below. 

MMN and schizophrenia. Shelley et al. (1991) were the first to use the MMN to 

study schizophrenia. Medicated schizophrenic patients and control subjects performed a 

simple visual discrimination task presented on a computer screen while they heard (and were 

instructed to ignore) distractor tones of short (50 ms) and long (100 ms) duration. In half the 

trials blocks, the long tones were the deviants (probability 10%) and the short tones were the 

standard (90%); in the other half, the deviant tones were short and the standard tones were 

long. The duration-deviant MMNs of the patients were smaller than those of controls in the 

long-deviant condition but not in the short-deviant condition. There were no differences in 

MMN latencies between the groups. A similar study by Carts et al. (1995) established that 

patients' medication status made no difference since the same results were replicated with 

non-medicated patients. It was concluded from these studies that schizophrenic patients had 

abnormal pre-attentive temporal processing of auditory events. 

Javitt and colleagues were the first to report attenuated MMN to auditory frequency 

deviants (1000 Hz standard; 1024 Hz deviants) in medicated (Javitt, Doneshka, Zylberman, 

Ritter, & Vaughan, 1993) and non-medicated (Javitt, Doneshka, Grochowski, & Ritter, 1995) 

schizophrenic patients. There were no differences in latencies between patients and controls. 
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Since these early studies by Shelley et al. (1991) and Javitt et al., many experiments on the 

MMN in schizophrenia were performed. The authors, stimulus characteristics and outcome 

of most of these experiments are described in Table 5 for duration deviants and in Table 6 for 

frequency deviants. In 2005, Umbricht and Krljes published their report of a meta-analysis of 

32 studies comparing the MMN of schizophrenic patients with the MMN of controls. They 

concluded that diminished MMN amplitudes are a robust feature in chronic schizophrenia 

which strongly suggests that the auditory sensory memory of these patients is significantly 

impaired. MMN elicited with tones that deviated in duration were more diminished than 

MMN elicited with tones that deviated in frequency. The effect size for MMN to duration 

deviants was 40% larger than the effect size for frequency MMN. Of the studies included in 

the meta-analysis, 23 used only frequency deviants, 14 used only duration deviants, and only 

three investigated both frequency and duration deviants in the same patients. 

The meta-analysis identified two stimulus characteristics that produced the greatest 

effect sizes. On the basis of studies by the same team of researchers (Javitt, Grochowski, 

Shelley, & Ritter, 1998; Shelley et al., 1999) who systematically varied the probability of 

frequency deviants, it was confirmed that smaller deviant probabilities produced larger effect 

sizes. Umbricht and Krljes also reported that the effect of the degree of deviance (between 

deviant and standard stimuli) differed by type of stimulus. In studies investigating frequency 

MMN, the largest effect sizes were associated with deviances of 10% or less. In studies 

examining duration MMN, larger duration differences were associated with larger effect 

sizes. 

Javitt, Shelley and colleagues, after extensive examination of the effects of deviant-

stimulus probability and degree of deviance on the MMN deficit in schizophrenia, concluded 

that this deficit is greatest under conditions when MMN is largest in healthy people. This 

pattern is similar to the one described earlier for the Nl impairment in schizophrenia relative 

to the lengthening of the ISI. In all these cases, the ERPs of schizophrenic patients and 

healthy controls start at a similar level and rise in a parallel manner until a point where they 

diverge because patients' ERPs plateau prematurely, while the ERPs of healthy people 

continue to rise until they reach their own higher plateau. 
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Table 5. MMN Duration-Deviant Studies in Schizophrenia (Umbricht & Krljes, 2005) 

Author 
95% CI Stimulus characteristics 

Standard Deviant Probability Lower Upper 
(ms) (ms) deviant (%) 

Shelley etal. (1991) 50 

Lembreghts & 
Timsit-Berthier(1993) 

Carts etal. (1995) 

Kasai etal. (1999) 

Javitt, Shelley, Silipo 

" " etal. (2000) 

Michie et al. (2000) 

Todd et al. (2000) 

Baldeweg et al. (2002) 

Kasai et al. (2002) 

Michie et al. (2002) 

Todd etal. (2001) 

Todd et al. (2003) 

Umbricht et al. (2003) 

Bramon et al. (2004) 

40 

100 

100 

100 

100 

50 

50 

25 

100 

50 

50 

50 

100 

25 

Brockhaus-Dumke (2005) 80 

Light &Braff (2005a) 50 

Light &Braff (2005b) 50 

100 

80 

50 

50 

250 

250 

100 

100 

50 

50 

100 

125 

125 

250 

50 

40 

100 

100 

10 

20 

10 

25 

25 

25 

10 

10 

14 

10 

10 

8 

20 

10 

15 

10 

10 

15 

0.19 2.09 

-0.08 

0.11 

0.02 

0.20 

0.21 

0.45 

0.07 

1.61 

-0.37 

3.22 

0.78 

0.78 

0.22 

-0.19 

1.30 

1.36 

1.33 

1.81 

1.74 

2.06 

1.13 

3.77 

0.76 

5.52 

2.19 

2.19 

1.39 

1.02 

P value 

p=0.046 

p=0. 

p=0. 

001 

.001 
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On the other hand, the Javitt and Shelley team concluded that prolonged ISIs did not 

cause an MMN deficit in schizophrenia. Shelley, Javitt, & Vaughan (1996) found that ISIs 

up to 3 s did not differentially affect patients and control. This was confirmed by Javitt et al. 

(1998), who also found no differential effects within intervals ranging from 50 ms to 3 s. 

Shelley et al. (1999), using ISIs ranging from 250 ms to 4.5 s, also concluded that MMN 

amplitudes were similarly reduced in both patients and controls with lenghtening ISIs, with 

the result that longer ISIs did not create significant differences. These ISI findings were 

important because they made it clear that the MMN deficits of schizophrenic patients were 

not caused by a faster decay of their sensory memory traces. Instead, Javitt et al. concluded 

that these deficits were likely due to inaccurate encoding of stimulus features, resulting in 

flawed memory traces. This theory was further supported by a behavioural study by Javitt, 

Shelley and Ritter (2000) which found significant correlations between patients' reduced 

MMN amplitudes and their impaired tone-matching performance. 

Finally, Javitt (2000) found that decreased MMN amplitude and tone-matching 

deficits in schizophrenic patients were correlated with the severity of their negative 

symptoms. This was consistent with findings by Light and Braff (2005) of a strong 

correlation between the MMN amplitude of schizophrenic patients and their general-ability-

of-functioning (GAF) scores. The review by Umbrich and Krljes (2005) listed several 

associations between reduced MMN amplitudes and clinical symptoms: three studies 

reported associations between reduced MMN and increased positive symptoms, especially 

hallucinations (Youn, Park, Kim, Kim, & Kwon, 2003; Hirayasu et al., 1998; Schall, Catts, 

Karayanidis, & Ward, 1999); six studies found associations between reduced MMN and 

increased negative symptoms (Catts et a l , 1995; Grzella et al., 2001; Hirayasu et al.; Javitt et 

al, 2000a; Kasai et al., 2002; Schall et al., 1999). Other studies confirmed that antipsychotic 

medication did not affect the MMN deficits of schizophrenic patients (Umbricht et al., 1998; 

Schall etal., 1998). 

P3a sub-component (see Table 4). The P300 or P3 ERP consists of a family of 

positive components which has two main subtypes (Friedman, Cycowicz et al., 2001). The 

first subtype, P3b, which was referred to earlier, reflects controlled information processing 

and is typically elicited by correctly-detected oddball target stimuli (Polich & Criado, 2006). 
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The P3b reaches maximum amplitude in the parietal area. The second subtype, called the 

P3a, was first elicited by adding highly-deviant, task-irrelevant stimuli to the traditional 

oddball task (Courchesne, Hillyard, & Galambos, 1975; Squires, Squires, & Hillyard, 1975). 

These new stimuli elicited significantly different P3 components than the ones elicited by 

target stimuli. The P3a, as the new sub-component was called, is usually larger than the P3b, 

has an earlier latency and reaches maximum amplitude in frontal-to-central regions. When 

the P3a is elicited by perceptually novel "distractor" stimuli (dog bark, telephone ring) that 

are not repeated, it is called a "novelty P3" (Polich & Criado, 2006). 

The P3a is believed to reflect the involuntary redirection of attention away from the 

ongoing task toward the distractor or novel stimulus (Friedman, Cycowicz et al., 2001). In 

support of this interpretation, the P3a is larger when it is associated with a skin-conductance 

response, which is one of the autonomic nervous system reactions that acccompany the 

involuntary orienting of attention (Lyytinen, Blomberg, & Naatanen, 1992; Sokolov, Spinks, 

NSatSnen, & Lyytinen, 2002). Even more convincing, Schroger and Wolff (1998b) found that 

in contrast to the MMN, the P3a and the RON (reorienting negativity) were only elicited in 

trials which had shown a reaction time prolongation to task-irrelevant deviant tones, 

indicating that subjects' attention had switched from the task to the distracting stimuli. 

According to Schroger's theories (1997), the orienting response reflected in the P3a to 

irrelevant deviant stimuli is always preceded by an MMN which detects these same stimuli. 

However, the MMN is not always followed by a P3a, because the P3a occurs only if the 

distractor stimuli are sufficiently deviant (Friedman, Cycowicz et al., 2001). 

Neural generators of the P3a were localized in the frontal and temporal lobes (Escera, 

Alho, Schroger, & Winkler, 2000) and the P3a is greatly reduced in patients with dorsolateral 

prefrontal lesions (Daffner et al., 2000; Knight, 1984). There is also evidence for contribution 

to the P3a from a network of cortical regions, including the auditory cortex (Opitz, 

Mecklinger, Friederici, & von Cramon, 1999), posterior hippocampus (Knight, 1998), 

temporo-parietal junction (Downar, Crawley, Mijulis, & Davis, 2000; Knight, Scabini, 

Woods, & Calyworth, 1989), medial frontal gyrus McCarthy, Luby, Gore, & Goldman-

Rakic, 1997), and anterior cingulate gyrus (Menon, Ford, Lim, Glover, & Pfefferbaum, 

1997). However, the sources of the P3a remain an issue of debate. 
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In recent years, a great deal of discussion and research has taken place on the subject 

of the automaticity of the P3a. The question is whether the P3a generation is an automatic 

process, or whether it is affected by attention or by the cognitive requirements of the tasks 

used to elicit this component. So far, these efforts have produced contradictory results (see 

Escera, Alho et al., 2000; Friedman, Cycowicz et al., 2001; Hagen, Gatherwright, Lopez, & 

Polich, 2006; Lavie, 2005; Polich & Comerchero, 2003; Muller-Gass, Macdonald, Schroger, 

Sculthorpe, & Campbell, 2007; Muller-Gass & Schroger, 2007; San Miguel, Corral, & 

Escera, 2008; Zhang, Chen, Yuan, Zhang, & He, 2006). These issues will be examined 

further in Experiments 2 and 3 below. 

P3a and schizophrenia. The P3a has been investigated much less than the P3b in 

schizophrenia. Many studies of schizophrenia and the P3a were performed as an afterthought 

in experiments whose main focus was the ubiquitous P3b. The paradigm used was often the 

classic oddball task, with frequently-occurring "standard" stimuli (usually low tones) and 

infrequent "oddball" stimuli (usually high tones), with subjects being asked to respond to the 

oddballs. In recent years, the P3a was more often elicited with "novelty oddball" paradigms, 

in which the classic oddball task was augmented by including additional unique "novel" 

stimuli. 

Most of these studies reported reduced P3a amplitudes in schizophrenic patients 

compared with controls (Alain, Bernstein, Cortese, Yu, & Zipursky, 2002; Devrim-Ucok, 

Keskin-Ergen, & Ucok, 2006; Frodl et al., 2001; Grillon, Courchesne, Ameli, Geyer, & 

Braff, 1990; Grzella et al., 2001; Laurens, Kiehl, Ngan, & Liddle, 2005; Mathalon, Ford, 

Pfefferbaum, 2000; Merrin & Floyd, 1994; van der Stelt, Frye, Liberman, & Belger, 2004; 

Valkonen-Korhonen et al., 2003). Two studies found prolonged P3a latencies (Frodl et al., 

2001; Merrin & Floyd) in these patients. One study (Schall et al., 1999) found greater P3a 

amplitudes in patients than in controls. Two studies (Kogoj, Pirtosek, Tomori, & Vodusek, 

2005; Michie et al., 2002) showed no P3a amplitude differences between patients and 

controls. Michie et al. found that first-degree relatives of patients had greater P3a amplitudes 

than patients, but that the P3a of both relatives and patients did not differ from the P3a of 

controls. 
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Devrim-Ucok et al. (2006) found that novelty P3a was reduced in patients with 

chronic schizophrenia but not in first-episode patients, which suggested an increase in P3a 

impairment with disease progression. This was contradicted by Valkonen-Korhonen et al. 

(2003), who found diminished P3a components in first-episode patients. In experiments by 

Kogoj et al. (2005), the stimuli that were the standard and the deviants in one sequence were 

switched in the next sequence so that the standard became the deviant and vice-versa. In 

control participants, there was a significant enhancement in P3a amplitude when the 

distractors became the target stimuli, but it made no difference in the patients. This led the 

researchers to conclude that schizophrenic patients had a diminished capacity to allocate their 

attentional resources adequately between target and distractor stimuli. 

Laurens et al. (2005) used event-related fMRJ to elucidate the functional abnormality 

underlying the attenuated P3a they had observed in schizophrenic patients. They found 

underactivity in several relevant brain areas during novel stimulus processing. In particular, 

dysfunction within the right amygdala-hippocampal complex and widespread paralimbic 

cortex suggested that patients were less engaged by the novel stimuli than controls, and were 

therefore less able to effectively assess their potential significance for ongoing behaviour. 

Marked abnormality in patients' right temporo-parietal-occipital junction suggested that 

patients would have difficulty in extracting the relevance (or rather, the irrelevance) of the 

novel stimuli for subsequent behaviour. Marked abnormality in patients was also apparent 

within a dorsal frontoparietal system that is involved in identifying the characteristics of 

salient events and in specifying cognitive plans/intentions that target these events for 

behaviour. 

Three studies examined the functional significance of diminished P3a components in 

schizophrenia. In van der Stelt, Frye, Lieberman and Belger (2004), an inverse correlation 

was found between P3a amplitudes and illness duration. In Mathalon, Ford and Pfefferbaum 

(2000), reduced auditory P3a were associated with exacerbated depression-anxiety symptoms 

in the patients. Turetsky, Colbath and Gur (1998) found that P3a amplitudes increased with 

improvements in auditory hallucinations. Schall et al. (1999) found that large P3a amplitudes 

predicted a poor response to clozapine treatment. 
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Late reorienting negativity (RON; see Table 4). The RON, which has a fronto-

central distribution and occurs approximately 480 to 550 ms after stimulus onset, was first 

identified by Schroger and Wolff (1998a). According to them, the RON is not to be confused 

with the similar slow negative orienting (O) wave identified by Loveless and Sanford (1974) 

or the slow contingent negative variation (CNV) wave postulated by Rohrbaugh, Syndulko 

and Lindsley (1978). Although the morphology and distribution of the RON resembles those 

of these other late negative waves, the RON wave is differentiated by its specificity to the 

occurrence of task-irrelevant deviant stimuli while subjects were performing a two-choice 

discrimination task. As a result, Schroger and Wolff concluded that the RON did not reflect a 

global deviance-related effect. Instead, they hypothesized that it reflected the return of 

attention from task-irrelevant toward task-relevant stimuli after distraction occurred. Scalp-

current density (SCD) analysis suggested frontal generators for the RON (Schroger, Giard, & 

Wolff, 2000). 

Schroger and Wolffs theories about the late reorienting negativity were supported 

and expanded in several subsequent studies (Berti and Schroger, 2001,2003,2006; Berti, 

Roeber, & Schroger, 2004; Escera et al., 2000; Escera, Yago, & Alho, 2001; Munka & Berti, 

2006; Roeber, Berti, Widmann, & Schroger, 2005; Schroger, Giard et al., 2000; Wetzel, 

Berti, Widmann, & Schroger, 2004; Yago, Corral, & Escera, 2001). It was found that RON 

has larger amplitude to more task-disrupting events (Berti & Schroger, 2001; Escera et al., 

2001; Schroger, Giard et al., 2000) and that it was correlated with events of the primary task, 

such as reaction time (Escera et al., 2000). Munka et al. (2006) suggested that the RON 

component reflects two functionally distinct processes of attentional allocation after 

distraction: (1) refocusing on task-relevant information on the working memory level; and (2) 

general reorientation of attention, e.g. preparation for the upcoming task. Recent experiments 

by Berti (2008) appear to support these proposals. 

RON and schizophrenia. A search of the PubMed Internet search site did not 

produce any studies that examined the RON component in schizophrenic patients. However, 

the fMRI study by Laurens et al. (2005) found dorsal frontoparietal hypoactivity which 

suggested that these patients experienced particular difficulty in reorienting processing 

resources when a salient deviant stimulus had interrupted a current task. In a different but 
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related line of research, Kahkonen et al. (2002) used healthy participants and a distraction 

paradigm to assess the effects of the dopamine D2-receptor antagonist haloperidol on 

involuntary attention shifting. They found that deviant distractors had caused marked 

increases in reaction time and had elicited MMN, P3a and RON responses, and that RON 

was significantly reduced and delayed in the group that ingested haloperidol. These findings 

suggested that the modulation of dopamine transmission by haloperidol may impair the 

switching of attention back to the relevant task after distraction in schizophrenic patients. 

1.6.4. Research on the Effects of Nicotine/Smoking on Orienting-Related ERPs 

According to Knott, Kerr, Hooper, & Lusk-Mikkelsen (1995), creative and diligent 

research on the endogenous ERPs may serve as a powerful unintrusive technique for 

studying the cognitive-behavioural processes that may be altered by nicotine/smoking. 

Review studies by Knott (1989), Pritchard, Sokhadze and Houlihan (2003) and Polich et al. 

(2006) contributed to the summary of research on the effects of nicotine-smoking on ERPs 

that is presented below. This summary does not cover all ERP research on the effects of 

nicotine, most of which is devoted to the P3b component. In general, P3b amplitude 

increases and P3b latency decreases immediately after smoking (reviewed by Polich et a l , 

2006). The only published study that examined the effect of nicotine on the P3b in 

schizophrenia, by Kodama et al. (1998), used an oddball task and found that smoking 

resumption after abstinence decreased P3b amplitude in patients while it increased it in 

healthy subjects. Kodama et al. concluded that nicotine differentially affects arousal in 

healthy subjects and in schizophrenic patients. 

The following summary focuses on the ERPs that are more closely involved with the 

attentional orienting/reorienting mechanism, including Nl, MMN, P3a and RON. Unless 

specified otherwise, the subjects of these studies were healthy individuals who were either 

abstaining (usually overnight), minimally abstaining (1-3 hours) or non-abstaining smokers 

as well as non-smokers. Experimental subjects either smoked cigarettes or absorbed nicotine 

through other means, such as gum, patch or injection. 

Nl amplitude. Almost all experiments that elicited ERPs with visual task 

paradigms reported that nicotine/smoking had no effect on Nl amplitudes (Ilan & Polich, 

1999: memory scanning task; Ilan & Polich, 2001: Stroop task; Knott, 1985, 1986: visual 
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reaction time tasks; Knott, Bosnian, Mahoney, Ilivitsky, & Quirt, 1999: choice reaction time 

task; Knott, Mohr, Mahoney, Engeland, & Ilivitsky, 2002: Alzheimer patient subjects; Le 

Houezec et al., 1994: choice reaction time task; Michel, Hasenfratz, Nil, & Battig, 1988: 

rapid visual information processing task - RVIP). Exceptionally, Houlihan, Pritchard and 

Robinson (2001) found that nicotine/smoking had decreased Nl amplitude in response to 

negative probes in a Sternberg-type memory-scanning task. 

Knott (1986) examined the effects of smoking on ERPs with a distraction paradigm 

that involved an auditory warning/distracting stimulus followed by visual task-related 

stimuli (simple choice and four-choice tasks). The results indicated that tobacco had 

interacted with intensity and task condition to produce an increase in Nl amplitude in ERPs 

elicited by the distractor stimuli. But in a similar experiment using only a simple-choice 

task, Knott (1985) found that smoking had no effect on Nl amplitudes elicited by distractor 

stimuli. Ascioglu, Dolu, Golgeli, Suer and Ozesmi (2004) found no differences in Nl 

amplitudes between chronic smokers and non-smokers in an auditory oddball experiment. 

Nl latency. In passive (no-task) visual experiments using light flashes as stimuli, 

Golding (1988) and Woodson et al. (1982) reported no effect of smoking on Nl latencies. 

These studies were criticized by Pritchard et al. (2004) for failing to record ERPs from a 

scalp location situated directly over the brain's occipital (visual) cortex. In addition, 

Pritchard et al. agreed with Knott (1989) that passive experiments are not completely without 

merit but are not very useful in assessing cognitive or performance efficiency. 

Most experiments using visual tasks found no effect of nicotine/smoking on Nl 

latency (Ilan & Polich, 1999, 2001; Knott, Bosman, Mahoney, Ilivitsky, & Quirt, 1999; 

Knott, Mohr et al., 2002; Le Houezec et al., 1994; Michel et al., 1988). The only exception 

was the study by Houlihan et al. (2001) which reported that nicotine/smoking had shortened 

N100 latency to both memory-set and probe stimuli in a Sternberg-like task. The auditory 

oddball study by Ascioglu et al. (2004) found no differences in Nl latencies between chronic 

smokers and non-smokers. 

Mismatch negativity (MMN). The only published study of nicotine and the MMN 

in schizophrenia is a recent experiment by Inami, Kirino, Inoue, Suzuki and Arai (2007). 

They used a passive paradigm in which nonsmoking hospitalized schizophrenic patients and 
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healthy control subjects were administered placebo and nicotine transdermally (in separate 

sessions) and watched a silent movie while they heard tones through earphones. Most of the 

tones (95%) had a frequency of 1000 Hz while the rest (5%) had a frequency of 1050 Hz. 

Nicotine had no effect on the MMN amplitudes or latencies of the patients but it shortened 

the MMN latencies of control participants. Inami et al. concluded that the lack of a similar 

latency effect in patients may be due to an abnormally low a 7 nicotinic receptor function. 

Significant nicotine effects were found in the MMN of other populations. Engeland, 

Mahoney, Mohr, Ilivitsky and Knott (2002) examined the effects of nicotine on the MMN of 

Alzheimer patients who had and who had not been treated with the cholinesterase inhibitor 

tacrine. In the non-tacrine-treated patients, nicotine increased MMN amplitude and 

decreased MMN latency. In the tacrine-treated group, nicotine decreased MMN latency but 

did not affect MMN amplitude, suggesting that nicotine improved sensory memory. On the 

other hand, Knott et al. (2006) found no significant nicotine effects on the MMN components 

of healthy smokers who performed an auditory duration-discrimination task with tones that 

featured rare frequency deviations. Inami, Kirino, Inoue and Arai (2005) observed shortened 

MMN latencies in healthy non-smoking volunteers who were administered nicotine. 

Harkrider and Hedrick (2005) found enlarged MMN amplitudes in healthy non-smokers and 

smokers who were administered nicotine. 

Finally, Baldeweg, Wong and Stephan (2006) used a novel stimulus paradigm with 

continuously changing (roving) standard stimuli in order to examine the effects of nicotine 

on auditory sensory memory in healthy minimally-abstaining smokers (4 hours) as measured 

with the MMN. The purpose of this paradigm was to measure the effects of different 

numbers of stimulus repetitions on encoding of new stimuli. They found that nicotine 

increased MMN amplitudes by enhancing a frontal positive ERP to standard stimuli, while 

the negativity to deviant stimuli remained unaffected. As a result, they concluded that 

nicotinic agonists might ameliorate the MMN deficits of schizophrenic patients by improving 

stimulus encoding and sensory memory trace formation. 

P3a. The P3a components generated by rare target stimuli and by rare non-target 

distracting stimuli in Experiments 2 and 3 of the Knott, Kerr et al. studies (1995) did not 

show a nicotine/smoking effect. Knott et al. (2006) also failed to find a significant nicotine 



Nicotine and schizophrenia 55 

effect on the P3a of healthy smokers who performed a duration-discrimination task with 

tones that featured rare (5%) task-irrelevant frequency increments and decrements. On the 

other hand, Haarer and Polich (2000) reported that smoking/nicotine had decreased P3a 

amplitudes to distractors in a visual oddball task. This decrease was greater in occasional 

smokers than in regular smokers. The decreased P3a was accompanied by a lengthening of 

reaction time in the occasional smokers and a shortening of reaction time in the regular 

smokers. 

Late reorienting negativity (RON). Knott et al. (2006) found no significant nicotine 

effect on the RON in healthy smokers who performed a duration-discrimination task with 

tones that contained task-irrelevant frequency deviations. 

Table 7 summarizes the studies on the effects of nicotine/smoking on the ERP 

components that were directly or indirectly related to the orienting/reorienting mechanism. 

As the right-hand columns of this table demonstrate, most Nl studies did not find significant 

nicotine effects. P3a and RON studies have been too few to be able to detect a pattern. On 

the other hand, the studies of the effects of nicotine on the MMN show very promising 

results: five out of six of these experiments found significant nicotine effects. Half of them 

(Baldeweg et al., 2006; Engeland et al., 2002; Harkrider et al., 2005) found increased MMN 

amplitudes, and two out of five (Inami et al., 2005; Inami et al., 2007) found shortened MMN 

latencies. These results suggest that nicotine is effective in improving the pre-attentive 

detection of changes in the environment that is indexed by the MMN component. 

1.7 SUMMARY OF INTRODUCTION AND THESIS DIRECTION 

Schizophrenia is characterized by profound deficits in cognition, particularly in 

attention (Bowie et al., 2005). Behavioural studies that examined voluntary/controlled 

cognitive operations in schizophrenia patients have found disturbances in attention and 

increased distractibility. Inappropriate switches of attention in these patients suggest that they 

may be experiencing deficits in filtering out task-irrelevant distracting information (Ravizza, 

Robertson, Carter, Nordahl, & Salo, 2007). Performance studies do not provide information 

on the mental steps that intervene between the presentation of a stimulus and the production 

of an overt response. EEG-derived event-related potentials allow us to monitor these mental 
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Table 7. Effects of Nicotine/Smoking on Orienting-Reorienting-Related ERPs 
(* indicates that study subjects were non-or-minimally-abstaining smokers or non-smokers) 

ERP 

Nl 

MMN 

P3a 

RON 

Details of Studies 

Researchers 

* Woodson et al. (no-task) 
Knott 
Knott (distractor stimuli) 
Knott 
Knott (distractor stimuli) 

* Golding (no-task) 
* Michel, Hasenfratz et al 
* Le Houezec et al. 

Ilan & Polich 
Knott, Bosman et al. 

* Houlihan, Pritchard et al. 
Ilan & Polich 

* Knott, Mohr et al. 
(Alzheimer subjects) 

* Ascioglu et al. 

* Engeland, Mahoney et al. 
(Alzheimer patients) 

* Inami et al. 

*Harkrider 

Knott, Scherling et al. 

*Baldeweg et al. 

*Inami et al. 
(schizophrenic patients) 

Knott, Kerr et al.(Exp. 2) 
Knott, Kerr et al.(Exp. 3) 
Haarer & Polich 

Knott, Scherling et al. 

Knott, Scherling et al. 

Date 

1982 
1985 
1985 
1986 
1986 
1988 
1988 
1994 
1999 
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visual 
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auditory 
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auditory 
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auditory 

auditory 

Effect of 
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Amplitude 
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none 
none 
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none 
none 
none 
none 

decreased 
none 
none 

none 
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non-treated 
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increased 

none 

increased 

none 

none 
none 

decreased 
decreased 

none 

none 

Latency 
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none 
none 
none 
none 
none 

decreased 
none 
none 

none 

decreased 

decreased 

none 

none 

decreased 
controls 

none 
none 

decreased 
& increased 

none 

none 
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steps in order to gain a better understanding of disturbances in pre-attentive sensory 

processing (Heinrichs, 2005; van der Stelt & Belger, 2007). The MMN is the first measurable 

brain reaction to auditory changes in our environment. It alerts us to unexpected and 

potentially important and dangerous events. The MMN is generated in the auditory cortices 

with possible prefrontal contribution (Turetsky et al., 2007). Diminished MMN amplitudes 

are a robust feature in schizophrenia research (reviewed by Umbricht & Krljes, 2005). 

Schizophrenic patients have a very high rate of smoking and some experts believe it 

is partly because nicotine alleviates their cognitive deficits (Newhouse et al., 2004). This is 

supported by findings in placebo-controlled behavioural studies that nicotine has improved 

visual sustained attention (Barr et al., 2008; Depatie et al., 2002; Levin et al., 1996), 

visuospatial working memory (Levin et al., 1996; Smith et al., 2002; Smith et al., 2006) and 

selective attention (Barr et al., 2008; Jacobsen et al., 2004) in schizophrenic patients. It is 

believed that nicotine can correct cognitive deficits in schizophrenia because it binds to and 

activates a 7 nicotinic acetylcholine (ACh) receptors (Martin & Freedman, 2007). 

Acetylcholinergic pharmacotherapies are currently being tested to determine whether they 

can reduce cognitive deficits in schizophrenia patients (Olincy et al , 2006; Freedman et al., 

2008). Nicotine has also increased auditory MMNs in three non-schizophrenic populations 

(Baldeweg et al., 2006; Engeland et al., 2002; Harkrider et al., 2005). Baldeweg et al. 

suggested that nicotinic agonists might enhance the MMN by improving stimulus encoding 

and sensory memory trace formation. 

The two objectives of Experiment 1 of this thesis were to replicate previous findings 

of MMN-indexed early acoustic processing disturbances in schizophrenic smokers, and to 

examine the effects of acute nicotine treatment on their MMN response. Given past findings, 

it was predicted that (1) schizophrenic patients in the placebo condition would exhibit 

attenuated MMN components compared with controls; and (2) nicotine would increase the 

MMN amplitude of schizophrenic patients. 

According to current theories of attention orienting (Naatanen et al., 2007; Schroger 

& Wolff, 1998a), the MMN-indexed process of change detection in the environment may 

signify a call for, or the initiation of, the involuntary orientation of focused attention away 

from the task at hand and toward the new/different acoustic stimulus detected by the MMN 

mechanism. This redirection of attention is signaled on the scalp by the P3a, an ERP which is 
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associated with frontal generators (Friedman, Cycowicz et al., 2001). A switch in attention 

only occurs when the change that is indexed by the MMN is strong enough. Studies that 

simultaneously monitored ERPs and behavioural performance found that the switch in 

attention reflected in the P3a was often accompanied by a deterioration in performance 

(accuracy and reaction time) on the original task (Escera, Alho, Schroger, & Winkler, 2000), 

presumably caused by attentional distraction. This deterioration in performance offers 

independent evidence that task-related processes were interrupted by irrelevant distracting 

stimuli. These studies also suggested the existence of a third and late component, the 

reorienting negativity or RON, which appeared to reflect the reorienting of attention back 

toward the main task that was disrupted by the distractor stimuli. Larger auditory changes in 

the environment produce larger MMN and P3a ERPs and greater behavioural distraction 

(Berti, Roeber, & Schroger, 2004). This so-called "bottom-up" effect of stimuli is less 

marked in schizophrenia patients than in controls (Javitt et al., 1998; Shelley et al.,1999). 

The P3a amplitudes of schizophrenic patients are often diminished compared with the 

P3a amplitudes of controls (see Table 4 and related text). This is paradoxical because it 

suggests that patients are to distractible than controls, since smaller P3a components are 

less likely than larger P3a components to be associated with a switch of attention toward 

irrelevant deviant stimuli. Another interpretation is possible, however, because Naatanen's 

(1990,1992) model specifies that the threshold for the switching of attention may vary across 

individuals and groups. It is therefore possible that the threshold for the switching of 

attention is unusually low for schizophrenic patients, so that even a distracting stimulus 

resulting in a small P3a might be sufficient to cause an attentional switch. 

Findings on the effects of nicotine on cognitive and attentional performance in 

schizophrenic patients are also paradoxical. On the one hand, behavioural studies have 

demonstrated that nicotine can improve performance in schizophrenic patients by enhancing 

their vigilance and working memory and selective attention (see Table 3 and related text). On 

the other hand, ERP studies have found that nicotine increased pre-attentive processing as 

indexed by enhanced MMN amplitudes (see Table 7 and related text). Larger MMN 

components are generally associated with larger P3a components reflecting switches in 

attention, which are usually accompanied by greater distraction effects. The only two studies 

that examined the effect of nicotine on the P3a produced contradictory results. According to 
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Knott et al. (1995), smoking/nicotine had no effect on the P3a elicited by auditory distractors. 

For their part, Haarer and Polich (2000) reported that smoking/nicotine had decreased P3a 

amplitudes to distractors in a visual oddball task. This decrease was greater in occasional 

smokers than in regular smokers. The decreased P3a was accompanied by a lengthening of 

reaction time in the occasional smokers and a shortening of reaction time in the regular 

smokers. On the basis of these results, Pritchard et al. (2004) proposed the following 

hypothesis (p. 974): 

Given such a scant database, any summary of P3a results must de facto be more of a 
working hypothesis. It may be that smoking/nicotine affects P3a in the visual but not 
the auditory modality. It also may be that an optimal P3a amplitude exists, with too 
much or too little attention being captured by the distracters negatively affecting rapid 
processing of the targets. In occasional smokers, smoking/nicotine may decrease P3a 
amplitude too much, missing the optimal amplitude. In contrast, in regular smokers, 
smoking/nicotine may decrease P3a amplitude at or near the optimal amplitude. 

The other objective of this thesis was to try to resolve the contradictions described 

above by examining the simultaneously-recorded behavioural performance results and 

MMN, P3a and RON components of schizophrenic smokers following the occurrence of 

potentially distracting events. These behavioural results and components were obtained by 

means of novel auditory-auditory (in Experiment 2) and auditory-visual (in Experiment 3) 

distraction paradigms that provide objective measures of behavioural distraction and of the 

cerebral processes involved in deviance and distraction, including the ways in which these 

processes may be impaired in schizophrenia and altered by nicotine. 
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EXPERIMENT 1 

MMNs to Duration and Frequency Deviants 
in Schizophrenic Patients and Controls 

2.0. Introduction 

2.0.1. Schizophrenia and attention 

Attention dysfunction is a hallmark of schizophrenia (Green, 1998). In particular, 

schizophrenic patients have profound problems with selective attention, which is the capacity 

to focus attention on salient cues while ignoring irrelevant distracting stimuli (Braff, 1993). 

According to Braff, this impairment in the capacity of patients with schizophrenia to process 

competing stimuli in a normal manner may be due to excess stimulation resulting from 

sensory overload, or to patients' incapacity to mobilise and allocate resources, or to an excess 

of resources being allocated to task-irrelevant stimuli, or to a disruption of automatic 

processes when resource-demanding controlled processing is used to perform what should 

normally be resource-free automatic early-sensory-processing operations. 

2.0.2. Mismatch negativity (MMN) 

Since Shelley et al. (1991) first reported reduced MMN brain event-related potentials 

(ERPs) in schizophrenic patients, it has become increasingly clear that the main causes of 

enhanced distractibility in these patients may not be found in conscious controlled 

information processes, but in pre-attentive automatic cognitive processes indexed by the 

MMN and related components. First described by Naatanen et al. (1978), the MMN is a 

small negative component which peaks around 100-250 ms after stimulus onset. Most 

frequently studied in the auditory modality, it is automatically elicited by any type of change 

(of duration, frequency/pitch, intensity, location, pattern, etc.) in a repeating series of 

auditory stimuli, even in the absence of attention or behavioural response. The MMN is an 

index of our automatic alerting system to changes in the environment. When it surpasses a 

given threshold amplitude, it triggers a series of brain processes that produce an involuntary 

switch in attention toward the new - distracting - stimulus (Berti & Schroger, 2001). 

The MMN reflects auditory pre-attentive sensory processing, which signals that an 

incoming sound was compared to the sensory memory of the features (such as frequency, 

duration, intensity, location, pattern, etc.) of the previous repeated sounds and was found to 
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differ from them (NSatanen, 1990, 1992). The amplitude of the MMN increases and its 

latency shortens with increasing differences between the incoming sound and the previous 

repeated sounds. MMN generation therefore depends on the context in which a specific 

stimulus is presented. As a result, Umbricht and Krljes (2005, p. 2) defined the MMN as "an 

index of the auditory sensory or 'echoic' memory and of context-dependent information 

processing." 

The MMN is largest over fronto-central areas of the scalp. Neuronal generators of 

the MMN were reported for the supratemporal auditory cortices, with frontal lobes also 

playing a role (Doeller et al., 2003; Kircher et al., 2004; Molholm et al., 2005; Opitz et al., 

2002; Rinne et al.,2005; Sabri et al., 2006; Shalgi & Deouell, 2007; Thonnessen et al., 2008). 

The MMN is best seen as a difference wave calculated by subtracting the waveform elicited 

by non-attended repeated standard stimuli from the waveform elicited by non-attended 

infrequent deviant stimuli in a passive (no-task) paradigm. This subtraction process removes 

ERP components that automatically react to the physical characteristics of both standard and 

deviant stimuli, especially the Nl. The MMN ERP that remains after this subtraction reflects 

the brain's reaction to the change from the previous repeated sound to the new and different 

sound. 

2.0.3. Schizophrenia and MMN 

A meta-analysis of 32 studies of the MMN in schizophrenia (Umbricht & Krljes, 

2005) sheds more light on early sensory processing deficits in this disorder. It concluded that 

diminished MMN amplitudes are a robust feature in chronic schizophrenia which strongly 

suggests that the auditory sensory memory and auditory information processing of these 

patients are significantly impaired. MMN elicited with sounds that deviated in duration were 

more reduced than MMN elicited with sounds that deviated in frequency. MMN reductions 

were particularly pronounced in patients with severe cognitive deficits, especially in episodic 

memory (Umbricht, Koller, & Bieber, 2004). Since MMN deficits were not observed in 

other major psychiatric disorders such as major depression and bipolar disorder (Umbricht et 

al., 2003), the MMN may be a useful non-intrusive, objective tool to help diagnose the 

disease. 
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The causes of MMN impairment in schizophrenia are still unclear. Javitt et al. (1998) 

speculated that it may reflect inaccurate encoding of stimulus features, resulting in flawed 

sensory-memory traces. This theory was suggested by their finding that the MMN amplitude 

of patients was less sensitive to changes in stimulus features than the MMN amplitude of 

controls. It was further supported by a behavioural study (Javitt et al., 2000a) which found 

significant correlations between patients' reduced MMN amplitude and their impaired tone-

matching performance. In addition, Javitt (2000) found that the decreased MMN amplitude 

and tone-matching deficit of the patients were correlated with the severity of their negative 

symptoms, such as social withdrawal. 

MMN also relies on the next phase of auditory sensory memory, in which sensory-

memory traces are maintained over time and are incorporated into the current context 

(Cowan, 1995). Javitt et al. (1998) used different inter-stimulus intervals (ISIs) to test the 

possibility that the reduced MMN amplitude of schizophrenic patients could also be due to an 

accelerated decay in their sensory memory for tone properties over time. They obtained 

similar MMN amplitude responses in patients and controls to changes in ISIs, which 

supported the view that the MMN reduction in schizophrenia is not caused by a faster decay 

of sensory information. 

Another possible cause of MMN amplitude reduction in schizophrenia is a deficiency 

in the comparison process itself (Javitt et al., 1998). According to the model adjustment 

theory (Winkler, Karmos, & Naatanen, 1996), an MMN response indicates that the auditory 

system has updated its model of the acoustic environment to incorporate the features of a 

deviant sound stimulus. Larger deviations require larger adjustments, that are reflected by 

larger MMN amplitudes. Less frequent deviations (i.e. lower deviant probability) also 

produce a larger MMN to deviant stimuli. Failure to update the model would result in 

reduced MMN amplitudes. 

Other studies suggested different explanations. One is that poor encoding of stimulus 

features may occur only in patients with more severe cognitive deficits (Todd et al., 2003), 

and that the main impairment may be a failure of coordination between different brain 

regions responsible for detecting and switching to a stimulus change (Ford, Krystal, & 

Mathalon, 2007; Jacobsen et al., 2003). Other researchers suggest there may be a flaw in the 
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activation of a frontal-lobe attention-switching mechanism (Baldeweg, Klugman, Gruzelier, 

& Hirsch, 2002; Sato et al., 2003). 

Human and animal studies on the neurochemical basis of the MMN impairment in 

schizophrenia implicated jV-methyl-D-aspartate (NMDA) receptor hypofunction (Javitt, 

Steinschneider, Schroeder, & Arezzo, 1996; Kreitschmann-Andermahr et al., 1999; Umbricht 

et al., 2000; Umbricht et al., 2004). Acetylcholine, acting upon the nicotinergic a 7 sub-

receptor, is an important modulator of NMDA receptor function (Quarta et al., 2007). 

2.0.4. Schizophrenia and nicotine 

A postmortem study of brain tissue (Freedman et al., 1995) noted that schizophrenic 

patients who had been smokers had fewer a 7 nicotinic acetylcholinergic receptors (nAChRs) 

in the hippocampus than healthy smokers. Another postmortem study (Guan et al.,1999) 

found decreased levels of the same receptors in the frontal cortex of schizophrenic patients. 

This reduction may result in a failure of cholinergic activation of inhibitory interneurons. In 

turn, this would have a negative effect on the filtering of responses to redundant sensory 

stimulation. 

These filtering impairments in schizophrenia have been consistently indexed by a 

midlatency (~ 50 ms) positive ERP component (P50) in a paired-auditory-stimulus paradigm. 

These responses are indexed by the P50 ERP, which is elicited in a passive paradigm 

presenting successive paired auditory stimuli. Healthy subjects typically show inhibitory 

filtering or "gating," manifested in a diminished P50 response to the second stimulus of 

closely (<500 ms) paired stimuli. Schizophrenic patients routinely fail to show a diminished 

response to the second stimulus (Light & Braff, 1999). This P50-indexed auditory sensory 

gating deficit was normalized in patients and relatives of patients with acute smoking and 

nicotine gum administration (Adler, Hoffer et al.,1993; Adler et al., 1998). More recently, 

increased inhibition of P50 auditory evoked responses in schizophrenia was evidenced with 

DMXB-A, a novel partial a 7 nAChR agonist (Olincy et al., 2006) Nicotine can correct this 

deficit in schizophrenic patients because it binds to and activates nicotinic receptors. These 

receptors activate many functions of the brain by modulating the release of multiple 

neurotransmitters, including acetylcholine, dopamine, norepinephrine, serotonin, glutamate 

and GABA, which have been associated with neuronal inhibition (Berman et al., 2007). 
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These postmortem and P50 gating results, along with genetic findings of 

abnormalities in the encoding of the 0(7 nAChR in schizophrenia (Martin, Kem, & 

Freedman, 2004; Harrison & Weinberger, 2005), may help to explain why schizophrenic 

patients have very high smoking rates (61%-65% in Canada; Addington, et al., 1997; 

Margolese et al., 2004). They smoke more than other mentally ill patients (Diwan et al., 

1998) and much more than the general population (25% for all Canadians; Health Canada, 

Tobacco Control Programme, 2004). These physiological findings also support the theory 

that schizophrenic patients smoke as self-medication aimed at activating the a7 receptor, 

perhaps to compensate for its lower-than-normal expression, and to relieve associated 

cognitive and clinical symptoms (Lasser et al., 2000). 

2.0.5. Nicotine and cognition 

Kassel (1997) suggested that nicotine improves cognition in two ways: by narrowing 

the brain's internal stimulus filter that blocks irrelevant (non-attended) stimuli (see 

Broadbent, 1958), thereby preventing stimulus overload; and by increasing the neural 

cognitive resources (see Kahneman, 1973) allocated to the processing of relevant (attended) 

stimuli. It remains unclear whether nicotine's effects on cognition are direct, or whether they 

are mediated through effects on mood and arousal (Waters & Sutton, 2000). Inspired by the 

Yerkes-Dodson principle of optimal levels of arousal (too much or too little arousal produces 

inferior performances), Newhouse, Potter et al. (2004) hypothesized that nicotine would not 

improve and may even impair cognitive functioning in healthy non-smokers who are already 

at or near their optimal level, but would enhance cognition in smokers and in some 

psychiatric patients who need the arousing effect of nicotine to produce their best 

performance. 

This Newhouse, Potter et al. (2004) theory is supported by a study in which nicotine 

impaired the spatial working memory of healthy smokers (Park, Knopick, McGurk, & 

Meltzer, 2000). On the other hand, acute administration of nicotine to non-patients has 

improved their response speed (Heishman et al., 1994), their focussed, sustained and divided 

attention (Foulds et al., 1996; Hindmarch et al.,1990; Kerr et al., 1991; Le Houezec et al., 

1994; Levin et al., 1998; Mumenthaler et al., 2003) and their short-term memory (Kerr et al., 

1991; Perkins et al., 1994; Rusted et al., 1995; West & Hack, 1991). Nicotine administered 
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to schizophrenic patients has improved their visual sustained attention (Depatie et al., 2002; 

Levin, Wilson et al., 1996), working memory (Jacobsen et al., 2004; Levin et al., 1996; 

Smith, Singh et al., 2002) and selective attention (Barr et al., 2008; Jacobsen et al., 2004). 

Finally, a transdermal nicotine patch reversed working memory and attentional deficits in 

schizophrenic patients who exhibited medication-induced (haloperidol) cognitive deficits 

(Levin, Wilson et a l , 1996). 

2.0.6. Nicotine and the MMN 

Studies of the effects of nicotine in non-patients found that it increased Nl amplitude 

(Knott, 1986, 1989) and reduced Nl latency (Houlihan et al., 2001). Only one, very recent, 

published study by Inami et al. (2007) examined nicotine and the MMN in schizophrenia. 

Inami et al. used a passive paradigm in which nonsmoking hospitalized schizophrenic 

patients and healthy control subjects were administered placebo and nicotine transdermally 

(in separate sessions) and watched a silent movie while they heard tones through earphones. 

Most of the tones (95%) had a frequency of 1000 Hz while the rest (5%) had a frequency of 

1050 Hz. Nicotine had no effect on the MMN amplitudes or latencies of the patients but it 

shortened the MMN latencies of control participants. Inami et al. concluded that the lack of a 

similar latency effect in patients may be due to an abnormally low a 7 nicotinic receptor 

function. 

Significant nicotine effects were found in the MMN of other populations. Engeland 

et al. (2002) examined the effects of nicotine on the MMN of Alzheimer patients who had 

and who had not been treated with the cholinesterase inhibitor tacrine. In the non-tacrine-

treated patients, nicotine increased MMN amplitude and decreased MMN latency. In the 

tacrine-treated group, nicotine decreased MMN latency but did not affect MMN amplitude, 

suggesting that nicotine improved sensory memory. Inami et al. (2005) observed shortened 

MMN latencies in healthy non-smokers who were administered nicotine. Harkrider et al. 

(2005) found enlarged MMN amplitudes in healthy non-smokers and smokers who were 

administered nicotine. 

Finally, Baldeweg et al. (2006) used a novel stimulus paradigm with continuously 

changing (roving) standard stimuli in order to examine the effects of nicotine on auditory 

sensory memory in healthy minimally-abstaining smokers (4 hours) as measured with the 
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MMN. The purpose of this paradigm was to measure the effects of different numbers of 

stimulus repetitions on encoding of new stimuli. They found that nicotine increased MMN 

amplitudes by enhancing a frontal positive ERP to standard stimuli, while the negativity to 

deviant stimuli remained unaffected. As a result, they concluded, nicotinic agonists might 

ameliorate the MMN deficits of schizophrenic patients by improving stimulus encoding and 

sensory memory trace formation. 

2.0.7. Objectives and hypotheses 

The primary objectives of this experiment are twofold and include: a) a comparison 

of schizophrenic smokers and control smokers with respect to the pre-attentive detection of 

stimulus deviance, as indexed by the MMN; and b) an examination of the effects of nicotine 

on MMN in schizophrenic smokers. Within these objectives MMN was elicited by both 

frequency and duration deviants. The Nl ERP component to standard stimuli was also 

evaluated to determine whether any group differences or nicotine effects are related to early 

encoding of sensory features. Given previous research findings, it was predicted that 

frequency and duration MMNs would be attenuated in patients (vs. controls) and that 

nicotine (vs. placebo) would increase the frequency and duration MMN amplitudes of 

patients. As a secondary objective, the experiment examined the relationship between 

patients' clinical symptoms, including smoking withdrawal symptoms, and MMN indices, 

and between patients' medication and the MMN. 

2.1. Method 

2.1.1. Participants 

Thirty-one ambulatory, antipsychotic-medicated, community-dwelling outpatients 

from the Schizophrenia Clinic of the Royal Ottawa Mental Health Centre, and 19 healthy 

individuals recruited through advertisements in local newspapers, were screened for this 

experiment. However, eleven of the patients, including all three female patients, failed to 

keep their test appointments, mostly because they were unable to abstain from smoking for 

three hours, and data from eight other outpatients and seven of the healthy individuals were 

eventually excluded from the study analysis due to incomplete test sessions, failure to 

comply with smoking abstinence instructions, excessive recording artefacts or gender 

matching problems. The total remaining participants therefore included 12 outpatients 
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(males = 12; age range 30-57, mean 41) and 12 healthy control participants (males = 12; age 

range 30-54, mean 42). Only patients who met DSM-IV diagnostic criteria for chronic 

schizophrenia, and who were judged to be in a non-acute stable phase of their illness for at 

least four weeks prior to study enrolment, were included in the study. Patients' symptoms 

were rated (by their psychiatrist) using a 30-item scale with 16 general-psychopathology-

symptom items, seven positive-symptom items and seven negative-symptom items (Positive 

and Negative Syndrome Scale: PANSS; Kay, Opler, & Lindenmayer, 1988, 1989). Patients 

were receiving antipsychotic medication, with the majority receiving second-generation 

antipsychotics. All subjects received an honorarium for their participation. 

Participants were all right-handed, with a body-mass index (BMI) below 35, a 

smoking history of more than five years and currently smoking (with inhalation) a minimum 

of 12-15 cigarettes per day, and normal or corrected-to-normal hearing (hearing loss no 

greater than 20 dB at the tone frequencies used in the experimental conditions). Potential 

participants were excluded if they were diagnosed with any DSM-IV disorder other than 

schizophrenia, or if they had suffered a head trauma in the past year, had abused any 

substance other than tobacco within six months of study participation, or suffered from 

unstabilized severe physical illnesses or diseases compromising the central nervous system. 

Potential control participants were excluded if they had a current or past personal history of 

psychiatric illness (including substance abuse) or a close relative who had been diagnosed 

with schizophrenia. Patients were also excluded if they reported any health condition 

contraindicating the use of nicotine gum. 

To ensure that controls and patients were matched on intelligence and smoking-

related factors, they completed the North American Reading Test (NART; Blair & Spreen, 

1989; see Appendix A), which is an approximate measure of intelligence, the 8-item 15-point 

Modified Fagerstrom Test for Nicotine Dependence (FTND: Heatherton, Kozlowski, 

Frecker, & Fagerstrom, 1991; see Appendix B), and the Modified Reasons for Smoking 

Scale (MRSS; Berlin et al., 2003; see Appendix C). The seven factors assessed by the 21-

item MRSS are addiction, pleasure, tension reduction or relaxation, social, stimulation, habit 

and sensorimotor/ handling. Participants gave their written informed consent for the 

experiment, which was approved by the research ethics boards of the Royal Ottawa Health 

Care Centre and the University of Ottawa. All subjects were paid for their participation. 
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2.1.2. General procedure 

Testing took place between 12:00 and 17:00 at the Clinical Neuroelectrophysiology 

and Cognitive Research Laboratory of the Royal Ottawa Mental Health Centre. All 

participants were instructed to abstain overnight from alcohol, caffeine and any drug other 

than the patients' medication, and were requested to refrain from smoking for three hours 

before the tests. Control participants were required to attend one test session lasting 

approximately 2.5 hours while patients were required to perform the same tests twice, in two 

separate sessions lasting approximately 3-3.5 hours each. Patients' sessions were longer 

because they involved a nicotine-or-placebo administration procedure. Upon their first 

arrival at the lab, adequacy of all participants' hearing was tested with 750 Hz and 1000 Hz 

tones, using a descending method-of-limits procedure, before EEG recording commenced. 

All thresholds were at or below 20 dB (SPL). Participants were then questioned about their 

abstinence from smoking, alcohol and drugs. Carbon monoxide (CO) levels were also 

assessed by means of an instrument measuring their expired-breath CO level (Vitalograph 

Breath CO instrument, Vitalograph Inc., Lenexa, Kansas). Participants were then taken into a 

sound-attenuated, electrically-shielded recording chamber and sat in a comfortable chair 

while electrodes were applied. During this application, patients were administered nicotine 

or a placebo (see nicotine procedure below). The drug conditions were not administered to 

the controls. Following electrode placement and nicotine or placebo absorption (in patients), 

electrophysiological data were acquired over a 30-40 minute interval which allowed for 

several 2-3 minute breaks. Frequent rest periods were required to maintain patient co­

operation. At the end of the recordings, participants completed the Tobacco Withdrawal 

Symptom Checklist (TWSC; Hughes & Hatsukami, 1986; see Appendix D and description 

below). 

2.1.3. Nicotine and placebo administration 

Nicotine was administered within a randomized, double-blind, placebo-controlled, 

cross-over design with half of the patients receiving nicotine in the first session and placebo 

in the second session, and the remaining half receiving nicotine and placebo in the reverse 

order. Nicotine was administered orally as two 4-mg pieces of Nicorette Plus polacrilex gum 

(Hoechst Roussel). The placebo gum (containing no nicotine) was a commercial gum similar 
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in size, shape and texture. To reduce any perceptual and sensory differences between the 

two, patients wore a blindfold while putting the gum pieces in their mouths. Also, a drop of 

mint oil was placed on each gum and participants wore nose plugs throughout the chewing 

period. During that period, which lasted 25 minutes as specified by the Nicorette Plus 

guidelines, patients heard a taped voice every minute asking them to chew ("bite twice"). 

After each bite, they "parked" the gum between their teeth and gums. After the chewing 

period, the gum was discarded and patients were given a strong commercial mint gum to 

chew for five minutes to help disguise any placebo-nicotine difference. 

Cigarette smoking yields a rapid delivery of nicotine to the bloodstream, resulting in 

sharp peaks in blood nicotine concentration. The peak of plasma nicotine concentration 

achieved within ten minutes of smoking an average-nicotine-yield cigarette is approximately 

35 nanograms per milliliter, followed by a trough at 15 nanograms per millilitre within 30 

minutes (Russell, 1988). After chewing one piece of 4-mg nicotine gum for 30 minutes, 

blood concentration reaches a peak of about 18 nanograms per millilitre of nicotine (Russell, 

Raw & Jarvis, 1980). Chewing two pieces of 4-mg nicotine gum results in peak blood levels 

of about 36 nanograms per milliliter within 30 minutes after the initiation of chewing, which 

approximates the effect achieved ten minutes after smoking a cigarette. The elimination half-

life of nicotine is approximately 120 minutes (Benowitz, Jacob, Jones, & Rosenberg, 1982; 

Feyerabend, Ing, & Russel, 1985). 

2.1.4. Stimuli 

Auditory stimuli of 80 dB (SPL) were presented binaurally through headphones while 

participants watched a silent nature documentary. In the frequency-deviant paradigm, the 

tones (10 ms rise/fall) lasted 50 ms and varied in frequency, with 95% of the tones 

(standards) being 1000 Hz and 5% of the tones (deviants) being 1100 Hz. In the duration-

deviant paradigm, the tones (10 ms rise/fall) had a frequency of 1000 Hz and varied in 

duration, with 95% (standards) lasting 100 ms and 5% (deviants) lasting 50 ms. A stimulus 

was presented every 300 ms. In each of the two paradigms, tones were presented in three 

blocks, with 2-3 minute breaks between the blocks. Within each block, a total of 532 

standards and 28 deviants were presented, i.e. a total of 1596 standards and 84 deviants per 

paradigm. The frequency-deviant paradigm was always presented first, followed by the 
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duration-deviant paradigm. Within each block in both paradigms, stimuli were presented in a 

pseudo-random order with the exception that no two deviant tones could occur in sequence. 

Participants were instructed to concentrate their attention on the silent video and to ignore the 

headphone sounds. 

2.1.5. EEG recording 

The EEG was recorded with tin electrodes placed on midline frontal (Fz), central (Cz) 

and parietal (Pz) scalp positions according to the international 10-20 system (Jasper, 1958; 

Cooper, Osselton, & Shaw, 1969). Scalp electrical activity was recorded in a monopolar 

manner, the reference being to linked earlobes. Two additional electrodes, one on the left 

supra-orbital ridge and one on the external canthus of the left eye, recorded electro-

oculographic (EOG) activity in one channel, with a mid-forehead electrode serving as 

ground. Electrode impedances were kept below 5 kOhms. The EEG and EOG signals were 

recorded continuously with an analog-to-digital sampling rate of 256 Hz, using amplifier 

bandpass filters set at 0.1-30.0 Hz. Digital data were stored on hard disk for later off-line 

ERP processing and analysis. Off-line, the continuous EEG signals were reconstructed into 

500 ms epochs (or "trials"), beginning 50 ms prior to stimulus onset. Eye movement and 

blink artifact were removed from the EEG signals using an algorithm operating in the time 

and frequency domains (Woestenburg, Verhaten & Slangent, 1983). Ocular-corrected trials 

with amplitudes exceeding +/-100 \xV were excluded from further analyses. For each 

participant and drug condition, trials were averaged separately for correctly-detected standard 

and deviant stimuli and then sorted according to scalp recording site. A minimum of 55 

artifact-free correctly-detected deviant stimulus trials was required to retain a participant's 

ERP averages in the final analysis. 

Amplitudes and latencies of the ERP components were based on latency windows 

taken from grand-average waveforms. All ERP components were measured relative to the 

average of all data points in the pre-stimulus baseline. Nl latency for the frequency paradigm 

was defined at Fz (where it was largest) as the latency corresponding to the peak negativity 

occurring during the 50-150 ms latency range. Nl amplitude for the frequency paradigm was 

defined as the average of the amplitude points (relative to the average pre-stimulus voltage) 

within a 50 ms window around each individual's peak negativity, i.e. 25 ms pre-peak and 25 
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ms post-peak. Nl latency and amplitude for the duration paradigm were defined in the same 

manner except that the 50-200 ms latency range was used in identifying the peak negativity. 

The MMN was measured in the difference wave, calculated by subtracting point-by-point the 

ERP to the standard from that of the deviant. The difference wave removes processing that is 

common to both the standard and the deviant, leaving only the difference in processing (for 

example, the MMN). MMN latency for frequency deviants was defined at Fz as the latency 

corresponding to the peak negativity occurring during the 70-225 ms latency range, which is 

the site exhibiting maximal MMN amplitude, and MMN amplitudes were defined as 

averages of the amplitude points within a 50 ms window around each individual's peak 

negativity. MMN latency and amplitude for duration deviants were defined in the same 

manner as MMN latency and amplitude for frequency deviants except that the 70-300 ms 

latency range was used. 

2.1.6. Smoking withdrawal ratings 

Smoking withdrawal symptoms were assessed at the end of each test session with the 

TWSC to determine whether alterations in behaviour and in ERPs by nicotine were related to 

withdrawal relief. The seven items of the self-report TWSC questionnaire, which are derived 

from the DSM-IV list of withdrawal symptoms (American Psychiatric Association, 1994), 

are irritability, frustration or anger, difficulty concentrating, restlessness, anxiety or 

nervousness, hunger, depressed mood, and desire to smoke. For each item, participants were 

asked to choose on a four-point scale (0=not present, l=mild, 2=moderate, 3=severe) the 

answer that best described how they felt. Scores for each symptom rating were summed to 

form a single TWSC index. 

2.1.7. Analysis 

Statistical analyses were performed using SPSS (Statistical Package for Social 

Sciences, 15th Edition). Three analyses of variance (ANOVAs) were run on ERP amplitudes 

and latencies (Nl and MMN). Separate mixed-design ANOVAs compared the ERPs of 

controls with those of patients in the placebo condition, and the ERPs of controls with those 

of patients in the nicotine condition, using one between-subjects factor with two levels 

(group: controls vs. patients) and one within-subjects factor with two levels (paradigm: 

frequency vs. duration). Repeated-measures ANOVAs compared the ERPs of patients in the 
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placebo condition with the ERPs of patients in the nicotine condition, using two within-

subjects factors (condition: placebo vs. nicotine; paradigm: frequency vs. duration). 

Greenhouse-Geisser corrections were applied when appropriate to compensate for sphericity 

(equal covariance) violations. Since all the effects were the subject of specific a priori 

hypotheses based on previous research findings, a .05 level of significance was used in all 

analyses. 

T-tests were used to determine whether control and patient participants differed on 

personal characteristics including age, education, BMI, number of cigarettes smoked per day, 

breath CO level, scores on the NART, FTND, and MRSS; whether the TWSC scores of 

patients with placebo differed from those of controls and patients with nicotine; and to 

compare the numbers of EEG trials per average analysed for each group, condition and 

paradigm. Pearson Product Moment Correlation or non-parametric equivalents were used to 

assess the relationships between frequency MMN and duration MMN, between MMNs and 

PANSS scores, between MMNs and TWSC ratings, and between MMN and patients' 

medication. 

2.2. Results 

2.2.1. Participant Characteristics 

Demographic and clinical characteristics of participants are in Table 8, as. well as 

results of independent-samples t-tests comparing patients and controls. No significant 

differences were found between control and patient participants for any personal 

characteristic, including age, schooling, body-mass index, number of cigarettes per day, CO 

levels, intelligence (excluding four patients whose English was poor), degree of nicotine 

dependence or reasons for smoking. Scores on the FTND (12 for patients and 11 for controls) 

indicated that both groups were heavily dependent on nicotine (7 points or more = heavy 

dependence). Controls and patients did not differ with respect to tobacco withdrawal 

symptoms, nor was there any differences in withdrawal symptoms when patients were in the 

placebo condition (M=8.58; SE=1.5) and when they were in the nicotine condition 

(M=10.75; SE=1.4) [t(ll) = 1.29, p< .22]. 



Nicotine and schizophrenia 73 

Table 8. Mean (SE) Characteristics of Schizophrenic Patients and Control Participants 

Variable Patients Controls 
(n=12) (n=12) t p 

Age 
Years of schooling 
BMI 
Cigarettes per day 
CO level 
NART* 
TWSC** 
FTND 
MRSS-addiction 
MRSS-pleasure 
MRSS-relaxation 
MRSS-social 
MRSS-stimulation 
MRSS-habit 
MRSS-sensorimotor 
PANSS (positive) 
PANSS (negative) 
PANSS (general pathology) 
Chlorpromazine 

equivalents (mg) 

41 (2.4) 
12 (0.2) 
25(1.5) 
26 (2.8) 
16(1.5) 

107(1.7) 
9(1.5) 

12 (0.7) 
6 (0.6) 
9 (0.6) 
7 (0.9) 
4 (0.5) 
5 (0.9) 
6 (0.9) 
5 (0.8) 

14(1.6) 
14(1.3) 
25 (1.9) 

97 (43.8) 

42 (2.5) 
13 (0.2) 
24 (0.9) 
23 (1.3) 
18(1.9) 

112(2.2) 
8 (0.9) 

11(0.7) 
5 (0.6) 
8 (0.5) 
7 (0.8) 
3 (0.4) 
5 (0.5) 
4 (0.7) 
6 (0.8) 

-0.48 
-0.55 
0.24 
1.12 

-0.68 
-1.93 
0.43 
1.07 
0.39 
1.92 
0.20 
1.43 
0.00 
0.15 
0.90 

.64 

.59 

.42 

.26 

.50 

.07 

.67 

.30 

.70 

.07 

.84 

.17 
1.00 

.89 
.38 

* Four patients were excluded because of their poor knowledge of English. 
** Average for both patient sessions. 

PANSS scores for the patients averaged 53 (14 + 14 + 25) and ranged from 34 to 77. 

According to a study (Leucht et al., 2005) that translated PANSS scores into ratings on the 

Clinical Global Impressions Scale (CGI; Guy, 1976), which is used by psychiatrists to obtain 

a global picture of patients' overall clinical state, the CGI ratings of this experiment's patient 

participants were roughly as follows: none at score 1 = normal, not at all ill; 2 at score 2 = 

borderline mentally ill; 5 at score 3 = mildly ill; 4 at score 4 = moderately ill; 1 at score 5 = 

markedly ill; none at score 6 = severely ill; and none at score 7 = extremely ill. 
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2.2.2. EEG Measures - General 

Table 9 displays the number of EEG trials to standard and deviant stimuli included in 

the analyses for each group, condition and paradigm. 

Table 9. Mean (SE) Trials per Average ERP to Standard and Deviant Stimuli 

Frequency paradigm Duration paradigm 

Standards Deviants Standards Deviants 

Controls 1620.3(90.2) 86.7(4.9) 1652.8(75.3) 87.8(4.3) 

Patients 
placebo 1497.3(57.6) 79.3(2.8) 1429.9(30.0) 74.3(1.4) 

nicotine 1490.7(74.6) 77.6(4.2) 1461.3(50.2) 77.6(2.9) 

Controls had more trials per average ERP than patients in all categories, but the only 

statistically significant differences were between controls and patients in the duration 

paradigm: controls had significantly more trials per average ERP than patients in the placebo 

condition for both types of stimuli [standard: 7(22) = -2.75, p< .02; deviant: (t(22) = -2.96, 

/?<.01], and controls had more trials per average ERP than patients in the nicotine condition 

for standard stimuli |Y(22)=-2.12,/?<.048]. 

Grand-averaged raw waveforms for the frequency and duration paradigms are 

presented in Figure 3. For each paradigm, the figure shows the waveforms elicited in Fz, Cz 

and Pz by standard and deviant stimuli in control participants, patients in the placebo 

condition and patients in the nicotine condition. 
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Grand-averaged difference waveforms for the frequency and duration paradigms for 

the same participants are shown in Figure 4. The MMN, a large fronto-central negativity, is 

apparent 150-250 ms after onset of the deviant stimulus. 

Figure 4. Grand-Averaged Difference Waveforms in Frequency and Duration 
Paradigms for Controls and for Patients in the Placebo and Nicotine Conditions 

2.2.3. Nl and MMN in Frequency Paradigm 

Means and standard error values for Nl ERPs at Fz to standard stimuli for the 

frequency paradigm are shown in Table 10. Analyses of these Nl amplitudes and latencies 

to standard stimuli failed to find any significant differences between control participants, 

patients with placebo and patients with nicotine. 



Nicotine and schizophrenia 77 

Table 10. Mean (SE) N100 Amplitudes and Latencies at Fz to Standard Stimuli in 
Frequency and Duration Paradigms 

Amplitude (|JV) Latency (ms) 

(n=12) Frequency Duration Frequency Duration 

Controls -0.20(0.1) -0.56(0.2) 111.46(7.3) 116.67(6.4) 
Patients with Placebo -0.06(0.1) -0.43(0.1) 82.81(9.8) 117.32(11.5) 
Patients with Nicotine -0.16(0.1) -0.44(0.1) 93.23(9.9) 112.76(5.8) 

Means and standard error values for MMN amplitudes and latencies elicited with 

frequency deviants are shown in Table 11. For frequency deviants, the MMN amplitude of 

controls was significantly greater than the MMN amplitude of patients in the placebo 

condition [F(l,22)=15.53,/K.001, n2=.41]. MMN amplitudes of controls and patients with 

nicotine also differed for frequency deviants [F(l,22)=9.38,/?<.01, n2=.30], indicating that 

patients who took nicotine still had a significantly reduced MMN. In other words, the MMN 

of patients was significantly smaller than that of controls, whether the patients took nicotine 

or not. Analyses of MMN latencies to frequency deviants failed to reveal any significant 

differences between controls, patients with placebo and patients with nicotine. 

Table 11. Mean (SE) MMN Amplitudes and Latencies to Frequency and Duration 
Deviants 

Amplitude (|JV) at Fz Latency (ms) at Fz 

(n=12) Frequency Duration Frequency Duration 

Controls -1.69(0.2) -1.3(0.3) 158.99(3.5) 202.61(5.2) 

Patients with Placebo -0.58(0.2) -0.58(0.2) 148.57(9.5) 204.56(9.8) 

Patients with Nicotine -0.76(02) -1.18(0.2) 158.99(8.9) 228.65(8.1) 
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2.2.4. Nl and MMN in Duration Paradigm 

Means and standard error values for Nl ERPs for the duration paradigm are shown in 

Table 10. There were no significant differences in Nl amplitude or latency to standard 

stimuli between controls, patients with placebo and patients with nicotine. 

Means and standard errors for MMN amplitudes and latencies elicited with duration 

deviants are shown in Table 11. With duration deviants, the MMN amplitude of controls was 

significantly greater than the MMN amplitude of patients in the placebo condition 

[F(l,22)=5.02,/?<.04, «2=.19]. However, the MMN amplitude of controls and that of 

patients in the nicotine condition did not significantly differ from each other, which suggests 

that nicotine altered the MMN deficit of the patients. The MMN amplitude of patients in the 

nicotine condition was significantly greater than the MMN amplitude of patients in the 

placebo condition [F(l,ll)=8.53,jp<.01, «2=.44]. Analyses of MMN latencies to duration 

deviants failed to find any significant differences between controls and patients in the 

placebo condition, but patients in the nicotine condition had significantly longer latencies to 

duration deviants than control participants [F(l,22)=7.36,/K.01, n =.25]. There were no 

significant differences in latencies between patients in the two conditions. 

2.2.5. Comparison of Duration and Frequency MMNs 

The difference waveforms shown in Figure 4 suggest that there were substantial 

differences between the MMN amplitudes and latencies generated in response to frequency 

and duration deviants. This is partly confirmed by analyses that reveal differences in 

amplitudes and latencies by type of deviant. MMN amplitudes of control participants were 

larger for frequency deviants than for duration deviants [ir(l,22)=4.99,/?<.04, w2=.19]. This 

was not the case for patients in the placebo or nicotine conditions, whose amplitudes did not 

differ for the two types of deviant. There was more unanimity in latencies: controls 

[F( 1,22)= 19.66, p<.00, «2=47], patients in the placebo condition [F(l,22)=32.40, p<.00, 

n2=.60], and patients in the nicotine condition [F(l,22)=70.96,/?<.00, «2=.76] all had 

significantly longer MMN latencies to duration deviants than to frequency deviants. The 

only significant difference between the groups was in the duration paradigm, where patients 

who were administered nicotine had longer MMN latencies than control participants 

[F(l,22)=7.36,/X.01, n2=25] 
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2.2.6. Correlations MMN, PANSS Scores, TWSC ratings and Medication 

Reduced duration MMN amplitudes of patients in the placebo condition were 

significantly associated with higher scores on the general pathology subscale of the PANSS 

[Kendall's tau(12)=-.47,/K.04]. Also in patients in the placebo condition, MMN amplitudes 

were correlated with specific symptoms from the positive subscale of the PANSS: attenuated 

duration and frequency MMN amplitudes were associated with higher degrees of grandiosity 

[duration: Kendall's tau(12)=-.51,/K.04; frequency: Kendall's tau(12)=-.55,/?<.03]. Shorter 

duration MMN latencies of patients with placebo were significantly associated with a greater 

likelihood of hallucinations [duration: Kendall's tau(12)=-.62, p<0\; frequency: Kendall's 

tau(12)=-.60,/?<.02]. Patients' doses of antipsychotic medication (measured in chlorpro-

mazine equivalents; Bezchlibnyk-Butler & Jeffries, 2006) were not correlated with MMN 

amplitudes or latencies or with PANSS scores. There were no significant correlations 

between "change" scores for MMN amplitudes (i.e. nicotine amplitudes minus placebo 

amplitudes) and "change" ratings for the TWSC (i.e. ratings for nicotine condition minus 

ratings for placebo condition). 

Frequency MMN amplitudes of patients in the placebo condition were positively 

correlated with their duration MMN amplitudes [Pearson's r(12)=.77,/K.004]. Similar but 

less strong positive correlations were found between the frequency and duration MMN 

amplitudes of patients in the nicotine condition [Pearson's r(l2)=.65,p<.02] and between the 

frequency and duration MMN amplitudes of control participants [Pearson's r(\2)-.62, 

p<.032]. 

2.3. Discussion 

The experiment evaluated the hypotheses that the well-established MMN deficits of 

schizophrenic patients would also be observed in minimally-abstaining (3 hours) 

schizophrenic smokers, and that such deficits might be altered with acute nicotine intake. The 

findings replicated previous studies showing that patients had significantly diminished MMN 

amplitudes following presentation of both frequency and duration deviants. Nicotine 

partially corrected this attenuation, increasing MMN amplitude in the duration paradigm but 

not in the frequency paradigm. Nicotine also lengthened MMN latencies associated with 

duration deviants. These effects were independent of early sensory encoding, as Nl 
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amplitudes and latencies were similar in patients and controls and were not affected by 

nicotine administration. Further, diminished MMNs and their restoration by nicotine in 

patients appeared to reflect an absolute effect of nicotine and were not related to smoking 

withdrawal intensity or to nicotine-induced withdrawal relief. 

2.3.1. Schizophrenia and the Nl 

Nl is a so-called "mesogenous" component that is primarily affected by the physical 

characteristics of stimuli but is also affected by the attentional demands of task paradigms 

(Muller-Gass & Campbell, 2002).l The present experiment did not find any statistically 

significant Nl differences in amplitude or latency between controls, patients in the placebo 

condition and patients in the nicotine condition in either the frequency or the duration 

paradigms. Nevertheless, Nl amplitudes to standard stimuli were largest in controls, smaller 

in patients with nicotine and smallest in patients with placebo. The failure to find patient-

control differences could be due to the small number of subjects. Another possible cause is 

the fact that Nl was very small in all groups due to the very rapid rate of stimulus 

presentation (ISI of 0.3 s). A repeating sound presented at a high rate (ISI below 

approximately 1 s) elicits a very small Nl in healthy subjects (Naatanen & Picton, 1987; 

Naatanen, 1992). 

Javitt (2000) reviewed the effects of the rate of stimulus presentation in the few 

studies that examined differences in Nl amplitude between controls and schizophrenic 

patients (Bruder & al , 1999; Ford et al., 1994; Roth, Horvath, Pfefferbaum, & Kopell, 1980; 

Shagass, Straumanis, Roemer, & Amadeo, 1977; Shelley et al , 1999). In healthy controls, 

Nl amplitude normally increased with increasing ISI, reaching a plateau once the ISI was in 

the range of 5-10 s. Differences in Nl amplitude between controls and schizophrenic 

patients emerged when relatively fast presentation rates (0.8-1.5 s) were employed, but these 

differences were not usually significant. Significant differences consistently emerged when 

stimuli were presented more slowly (ISI longer than 2 s). This was attributed to the fact that 

the Nl amplitude of patients reached a plateau around ISI 2 s, while the Nl amplitude of 

controls continued to rise until the ISI reached 5-10 s. On the other hand, Shelley et al. 

1 There is some controversy about whether Nl itself is directly affected by attention or whether an independent 
negative component, the Processing Negativity (PN) is modulated by attention. However, Nl and PN overlap 
and summate at the scalp, thus creating a composite Nl + PN negativity. 
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(1999), as well as Ahveninen et al. (2006), found significant reductions in Nl amplitude in 

schizophrenic patients with an ISI of 0.5 s. Nl impairments in schizophrenia were correlated 

with auditory-cortex neuronal abnormalities in neuroimaging studies (McCarley & al., 1999) 

and in postmortem studies of cortical pyramidal cells (Sweet et al., 2004). Ahveninen et al. 

(2006) found reduced Nl in schizophrenic patients and their unaffected co-twins, suggesting 

that underlying neuronal deficits might be associated with a genetic predisposition to 

schizophrenia. 

2.3.2. Schizophrenia and MMN amplitudes 

The present experiment established that schizophrenic patients who smoke but who 

are deprived of nicotine for three hours have the same reduced duration and frequency MMN 

that has been found in previous schizophrenia studies in which the smoker or non-smoker 

status of the patients was not disclosed. Unlike most other studies, which used only 

frequency deviants (most commonly) or only duration deviants (Umbricht & Krljes, 2005), 

this experiment compared MMN components elicited by both deviants in the same sample of 

patients and control participants. Contrary to the conclusion of the meta-analysis by 

Umbricht and Krljes, which found an overall effect size for duration MMN that was about 

40% larger than the effect size for frequency MMN, this experiment found a larger effect size 

for patients' MMN deficits elicited by frequency deviants (.41) than for MMN deficits 

elicited by duration deviants (.19). 

A likely reason for the discrepancy between the present study and the other studies is 

that the duration paradigm used in this study was somewhat different. In this study's 

frequency paradigm, the standard stimulus was a 1000-Hz tone lasting 50 ms with a 

probability of 95% while the deviant stimulus was a 1100-Hz tone lasting 50 ms with a 

probability of 5%. This combination of a small difference between the standard and deviant 

frequencies (10%:1000 vs. 1100 Hz) with a small deviant probability (5%) was found in past 

studies (Umbricht & Krljes, 2005) to be ideal to elicit the greatest impairments in the MMN 

of schizophrenic patients in a frequency paradigm. In this study's duration paradigm, the 

standard was a 1000-Hz tone lasting 100 ms with a probability of 95% while the deviant was 

a 1000-Hz tone lasting 50 ms with a probability of 5%. Although the combination of a large 

difference between the standard and deviant durations (50%: 100 vs. 50 ms) with a small 
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deviant probability (5%) was also found to be optimal to produce MMN impairments in 

schizophrenic patients in a duration paradigm (Umbricht & Krljes), previous studies have 

found greater MMN deficits in schizophrenic patients when the duration deviant stimulus is 

longer than the standard stimulus, instead of shorter as was the case in the present study 

(Shelley et al , 1991; Carts et al, 1995). 

There are serious methodological problems with the use of longer duration deviants. 

A long duration stimulus will elicit an Nl at its onset ("Nlon") and at its offset ("Nloff') 

(Naatanen & Picton, 1987). When the deviant has a longer duration than the standard, the 

deviant will elicit the MMN because it elicits a change in a specific feature (duration). 

Unfortunately, the offset of the longer duration deviant will also elicit Nl-off afferent 

processes occurring at about the same time as the MMN. Thus, whatever difference is found 

between controls and patients might be a result of an abnormal Nl or an abnormal MMN. 

When the standard has a longer duration than the deviant, the Nl-off to the standard occurs at 

about the same time as the MMN to the deviant. This may attenuate the MMN during the 

subtraction process, but the negativity that is apparent in the difference wave can be 

attributed only to the MMN. Control-patient differences would thus be expected to be 

smaller when the duration of the deviant is shorter than that of the standard. This is precisely 

what was found in the present study. This difference can however be attributed only to 

reduced MMN activity. The MMN effect was thus similar when both frequency and duration 

deviants were employed. 

Another factor that might have influenced the present findings is a recently-

discovered age effect on the MMN. In a study designed to compare the effects of many 

stimulus manipulations, Todd et al. (2007) used either duration, frequency or intensity 

deviants to examine the MMN in younger (mean age 25) and older (mean age 42) 

schizophrenic patients and age-matched healthy controls. In younger patients, duration and 

intensity MMNs were significantly reduced but frequency MMN was normal, while in older 

patients with a longer length of illness, the frequency MMN was most reduced, the duration 

MMN was less reduced and the intensity MMN was the same as that of controls. Close 

examination of their data revealed that age did not have an equal impact on the MMN elicited 

by different features. In particular, the age-related decline in the duration MMN of control 

subjects was much sharper than their decline for frequency MMN, while the patients' age-
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related decline was much greater for frequency MMN. Duration MMN had changed little 

with age in the patients, perhaps because it had already been much reduced when they were 

young. Since the participants in the present experiment had mean ages of 41 for patients and 

42 for controls, the age factor may also have diminished the MMN difference in the duration 

paradigm. 

Michie et al. (2002) maintain that the duration MMN is a more sensitive index of 

change detection than the frequency MMN: 

With respect to frequency, it is well known that within auditory cortex, there exists a 
tonotopic frequency map such that sounds that activate different frequency-specific 
regions of the basilar membrane are represented in different areas within auditory 
cortex (Phillips & Irvine, 1981). Indeed, when an MMN is produced in response to a 
frequency deviant, the MMN has been shown to derive from activity within the 
region of the tonotopic map corresponding to the deviant stimulus frequency (Tiitinen 
etal., 1993). 
The processing of a sound's duration by auditory cortex is less well understood; 
however, investigations of cat auditory cortex have led to the proposal that acoustic 
stimuli are processed within the auditory system as a contiguous sequence of short 
time epochs that are partially processed at lower levels but are recompiled at the level 
of the auditory cortex (He, 1998). The encoding of stimulus duration may therefore 
require more complex computations at the level of auditory cortex than frequency 
encoding, making the process more vulnerable to error due to auditory cortex defects, 
either in anatomy (Shenton, Dickey, Frumin, & McCarley, 2001) or connectivity 
(Friston & Frith, 1995). 

Strong correlations were found in this experiment between the frequency and duration 

MMN amplitudes of schizophrenic patients who took placebo (.77), as well as between the 

frequency and duration MMN amplitudes of patients who took nicotine (.65) and of control 

participants (.62). These associations strongly suggest that even though the mental processes 

underlying the elicitation of frequency MMNs and duration MMNs are different, they are 

closely connected in the patients, whose MMN deficits have been linked to severe cognitive 

impairments (Baldeweg et al., 2004; Umbricht et al., 2004). 

Recent findings raised the possibility that the MMN could offer a biological marker 

of post-onset progressive cognitive deterioration in schizophrenia (Umbricht & Krljes, 2005). 

If this were empirically validated, it could have profound theoretical and clinical implications 

for understanding and treating schizophrenia (van der Stelt & Belger, 2007). Considerable 

evidence from animal and human studies implicate deficient NMDA receptor functioning in 
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MMN deficits, since this receptor system is critical in the early phase of stimulus encoding 

(Krystal et al., 2003). NMDA dysfunction would also explain many cognitive problems that 

are common in schizophrenia, particularly in episodic memory (Umbricht & Krljes, 2005). 

NMDA receptors are indirectly activated by nicotine (Purves et al., 1997). 

2.3.3. Schizophrenia and MMN latencies 

The MMN latency differences that were found in this experiment included a nicotine 

effect that will be discussed later and a paradigm effect in which all groups and conditions 

had shorter MMN latencies for frequency deviants than for duration deviants. This paradigm 

effect was due to characteristics of the stimuli used in the two paradigms. In the frequency 

paradigm, the difference or mismatch between the standard and deviant stimuli (between the 

1000 Hz standards and the 1100 Hz deviants) was immediately perceivable upon stimulus 

onset, while in the duration paradigm, the mismatch between the longer standard tone (100 

ms) and the shorter deviant tones (50 ms) was only perceivable upon offset of the shorter 

tone. As a result, the latencies are roughly 50 ms longer for the duration paradigm than for 

the frequency paradigm. 

2.3.4. Nicotine and duration MMN 

In this experiment, nicotine appears to have had a normalizing effect on the duration 

MMN deficit of schizophrenic patients while it had little effect on their frequency MMN 

deficit. According to Baldeweg et al. (2006), nicotine modulation of the MMN can occur in 

one of two main ways: 

It could either affect pre-attentive deviance detection, i.e. the attentional switch 
associated with the frontal MMN (Naatanen & Michie, 1979), or improve stimulus 
encoding and memory trace formation . . . If the former prediction is correct, one 
would expect an enhancement by nicotine of the deviant-associated negativity. In 
contrast, if the latter hypothesis is correct and acetylcholine affects the early stages of 
stimulus acquisition, as pharmacological studies suggest (Miranda and Bermudez-
Rattoni, 1999), then we predicted nicotine effects on the standard ERP. 

As shown in Figure 3, which presents the grand-averaged raw waveforms to standard 

and deviant stimuli in the frequency and duration paradigms for this experiment, there is no 

doubt that the main effect of nicotine in the duration paradigm (at the bottom) was to enhance 

the deviant-associated negativity. According to Baldeweg et al. (2006), therefore, this should 
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indicate that nicotine facilitated acoustic change detection processes in the auditory cortex 

and/or frontal cortices. Also, as Nl was not affected, it can be assumed that nicotine effects 

were specific to the change detector mechanism and did not involve alterations in the 

transient detector. This is consistent with Naatanen's (2003) view that: 

One of the central lines of current MMN research on schizophrenia consists of studies 
aiming at determining the effects of this pathology on the two main intracranial 
processes generating the scalp-recorded MMN, viz., those occurring in the auditory 
and frontal cortices. In the light of the results obtained so far, it appears that the 
frontal generators are, in general, much more affected than the auditory-cortex ones. 

On the other hand, the view that frontal generators are mainly responsible for the 

MMN impairment of schizophrenic patients has become less convincing in recent years. For 

one thing, many studies using EEG (Alain, Woods, & Knight, 1998), MEG 

(magnetoencephalography; Rosburg, Haueisen, & Kreitschmann-Andermahr, 2004; 

Thonnessen et al., 2008), fMRI (functional magnetic resonance; Jaaskelainen et al , 2004; 

Kircher et al., 2004) and PET (positron emission tomography; Miiller, Jiipter, Jentzen, & 

Mullert, 2002) paradigms confirmed that the main generators of the MMN are located in the 

supratemporal cortex. Secondly, Javitt et al. (1998) suggested, on the basis of their findings 

of diminished MMN sensitivity to stimulus features in schizophrenia, that the most likely 

cause of this impairment was inaccurate stimulus encoding, which is associated with 

temporal cortices (Oknina et al, 2005). Thirdly, the role of the frontal generators of the 

MMN is still unclear, as explained by Rinne et al. (2005): 

The role of IFC (inferior frontal cortex) in auditory change detection and analysis still 
remains to be clarified. Originally, it was suggested that the frontal lobe contribution 
to MMN mechanism signifies the initiation of switching of attention (Naatanen, 
1990) (...) Alternatively, it has been suggested that, instead of attention switching, 
the IFC activation is related to a contrast enhancement mechanism which would be 
activated when the STC (supra-temporal cortex) system gets in difficulty in 
discriminating stimuli (Doeller et al., 2003; Opitz, Rinne, Mecklinger, von Cramon, 
& Schroger, 2002). In addition to these hypotheses, it is also possible that the IFC 
activation detected by fMRI might be related to an inhibitory system that allows the 
subjects to ignore the sound changes when no change-related response is required. 

On the basis of these arguments, it can be concluded that the respective roles of the 

temporal and frontal generators of the MMN are not sufficiently understood at this point to 
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determine which mechanism was responsible for the nicotine-induced normalization of the 

MMN amplitudes to duration deviants of schizophrenic patients in this experiment. 

In contrast to earlier studies that observed a shortening of MMN latencies with 

nicotine in both non-patients and demented patients (Engeland et al. 2002; Inami et al., 

2005), the enhancement in the duration MMN amplitudes of schizophrenic patients by 

nicotine in this experiment was accompanied by an increase in latency resulting in 

significantly longer MMN latencies in patients than in controls. If the nicotine-induced 

enhancement in MMN amplitudes in patients indicates that nicotine facilitated a more 

effective neural processing of new environmental stimuli, it could perhaps be concluded that 

their lengthened MMN latencies reflect a deeper processing that takes more time than the 

shallower, less accurate processing that occurred when patients took placebo. On the other 

hand, one could also argue that the improved acoustic change detection brought about by 

nicotine was done at a cost of slower processing. The nicotine-induced changes in the MMN 

amplitudes and latencies of schizophrenic patients are consistent with Kassefs (1997) 

hypothesis that nicotine would improve the neural systems that deal with irrelevant stimuli 

and would increase the neural resources allocated to the processing of potentially relevant 

stimuli, as evidenced by greater and slower duration MMNs. 

Another interesting aspect of the effects of nicotine on the MMN of schizophrenic 

patients is that these effects may be specific to these patients. When Baldeweg et al. (2006) 

examined the MMN of healthy smokers administered nicotine or a placebo after a 4-hour 

smoking abstention, they found that nicotine-enhanced MMNs were related to a significantly 

enhanced positive (80-200 ms) component for the standard stimuli and that its effects on the 

deviant-related negativity (MMN) was not significant. This possible difference in the effects 

of nicotine on schizophrenic patients and healthy smokers provides partial support to the 

hypothesis of Newhouse, Potter et al. (2004), who believed that nicotine may improve 

aberrant cognition in smokers and psychiatric patients, but that it would have no effect or 

may even worsen cognitive functioning in healthy non-smokers who are already at their 

optimal level. On the other hand, the difference between Baldeweg et al.'s nicotine effects 

and the nicotine effects found in this study may be due to Baldeweg's use of an unusual 

paradigm with continuously changing ("roving") standard stimuli. 
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Nicotine-altered duration MMNs were observed to be independent of smoking 

withdrawal symptoms, which suggests that nicotine's effect on pre-attentive change detection 

is not mediated via withdrawal relief mechanisms. This conclusion is further supported by 

previous findings of nicotine-induced MMN latency shortening and MMN amplitude 

augmentation in both smokers and non-smokers (Baldeweg et al., 2006; Harkrider et al., 

2005; Inami et al., 2005). Although MMN amplitudes of non-patient smokers have been 

reported to be larger than those of non-smokers (Harkrider et al.), it is not clear from this 

study whether chronic smoking in schizophrenia, which acts to upregulate low-affinity a 7 

nicotinic acetylcholine receptors (Benwell, Balfour, & Anderson, 1988; Leonard et al., 

2000), alters MMN-indexed pre-attentive mechanisms. 

Given evidence of NMD A receptor hypofunction in schizophrenia and findings which 

demonstrate that NMDA antagonists selectively abolish MMN-like activities without 

affecting such sensory ERPs as Nl (Javitt et al., 1996; Umbricht et al., 2000; Umbricht et al., 

2004), nicotine may have restored duration MMNs in patients by glutamatergic release 

following activation of a7 nicotinic receptors co-localized on NMDA terminals. However, 

this theory fails to explain why nicotine affected frequency and duration change detection 

differently. It is also possible that nicotine-induced correction of MMN may be mediated via 

the muscarinic acetylcholine system as antagonists of this receptor system have been shown 

to attenuate MMN in healthy controls, but this effect was specific for frequency MMNs and 

not for duration MMNs, and the atttenuation was accompanied by a delayed Nl latency 

(Pekkonen et al , 2001). 

2.3.5. Clinical ratings, medication, withdrawal symptoms and the MMN 

Out of the 22 studies reviewed by Umbricht and Krljes (2005) that examined 

associations between MMN amplitudes and clinical symptoms, three studies reported 

associations between reduced MMN amplitudes and increased positive symptoms, especially 

hallucinations (Youn et al., 2003; Hirayasu et al., 1998; Schall et al.,1999), six studies found 

associations between reduced MMNs and increased negative symptoms (Catts et al., 1995; 

Grzella et al, 2001, Hirayasu et al., Javitt et al., 2000; Kasai et al., 2002; Schall et al.,1999), 

while the rest of the studies did not find any associations. These differences in association 

cannot be attributed to differences in stimuli since all the studies that found significant 
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associations used frequency paradigms, with the sole exception of the study by Schall et al. 

(1999) that used a duration paradigm. 

This experiment supports previous findings of an association between diminished 

MMN ERPs and positive schizophrenia symptoms, though in this experiment the strongest 

link was not between MMN amplitudes and hallucinations, but between reduced frequency 

and duration MMN amplitudes and increased grandiosity (delusions of grandeur) in placebo 

patients and, to a lesser degree, between reduced frequency MMN amplitudes and increased 

delusions and excitement in placebo patients. However, increased hallucinations were 

significantly associated with shorter duration MMN latencies in placebo patients, and with 

longer frequency MMN latencies in patients with nicotine. 

No associations were found between patients' MMN amplitudes or latencies and their 

dose of antipsychotic medication. There were also no significant correlations between 

patients' MMN and their scores on the TWSC, meaning that their MMN did not seem to have 

been affected by nicotine withdrawal symptoms. Finally, there was no relation between 

nicotine-induced change scores for MMN amplitudes and change ratings for the TWSC. 

2.4. Limitations and Conclusion 

The methodology of this experiment had many strengths, the main one being its 

double-blind, placebo-controlled, crossover design, which eliminated researcher and subject 

bias and diminished individual differences. The use of gum instead of cigarettes made it 

possible to control the amount of nicotine that was absorbed. On the other hand, nicotine 

nasal spray produces more rapid peak increases in blood nicotine that are similar to those of 

nicotine, and it also allows for improved control over the amount of nicotine absorbed 

(Henningfield & Keenan, 1993). This experiment also failed to adjust the dose of nicotine for 

individual weight differences and did not measure blood nicotine levels, which would have 

made it possible to pursue dose-response effects. 

Studies conducted with deprived smokers have also been criticized because they 

cannot demonstrate that nicotine absolutely improved cognitive measures, since tobacco 

deprivation itself has a negative impact on cognition in smokers (Bell et al., 1999). To 

minimize this factor, this study used smokers who were minimally deprived (three hours) and 

monitored their tobacco withdrawal symptoms during their participation in a placebo gum 
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session and a nicotine gum session. The result was that there was no significant difference in 

withdrawal symptoms between patients' placebo and nicotine sessions, which suggests that 

withdrawal symptoms did not play a significant role in this experiment. This was further 

confirmed by the lack of association between MMNs and tobacco withdrawal symptoms, as 

well as between MMN change scores and TWSC change ratings. 

Another weakness of this study is its small number of participants. In addition to the 

problem of failing to find significant effects for lack of power, the heterogeneous nature of 

schizophrenia makes it important to use large subject sample sizes of both patients and their 

unaffected biological relatives (van der Stelt & Belger, 2007). This study would also have 

been enriched by having both patients and controls take acute nicotine, instead of only 

patients, and by having non-smoking as well as smoking participants. There is of course an 

ethical concern when nicotine is administered to non-smoking participants. 

This study would also have been improved by having a larger number of electrodes, 

instead of only electrodes at Fz, Cz, and Pz. Kujala, Tervaniemi and Schroger (2007) 

recently recommended that "when possible, it is advisable to have a larger set of electrodes in 

MMN recording. Having Fz, Cz, and Pz as well as the left and right mastoids as a minimum 

is helpful in separating the MMN from some other ERP components like the Nl and N2b." 

Other limitations of this study relate to the medication status of patients and the 

generalizability of study findings. Since patients who were invited to participate in this 

experiment were chosen because they were exceptionally "high-functioning" (the 

psychiatrists' term) and able to perform relatively complex tasks for other experiments, the 

results may not be generalizable to all schizophrenic patients. Most relevant to this 

experiment, only one of the 12 patients who participated was rated by his psychiatrist (in the 

PANSS) as having "poor attention," and that patient was judged to have only a "mild" 

attention problem. The fact that all the patients were taking antipsychotic medication was not 

considered a problem since studies found no effect of typical or atypical antipsychotics on 

MMN despite symptomatic improvement of patients (Schall et al., 1998; Umbricht et al., 

1998,1999). A recent study by Rezvani, Kholdebarin, Dawson and Levin (2007) found that 

clozapine had impaired attentional function in rats, but only one patient who participated in 

this study was taking that medication. 
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Additional studies are needed to clarify the implications of these nicotine-enhanced MMNs 

with regards to higher-order attentional processes that are frequently attenuated in 

schizophrenia. Of particular interest is the relationship of nicotine-altered pre-attentive 

processes and involuntary attentional switching. The P3a, which indexes attention switching, 

is frequently diminished in schizophrenia. Some of these issues are addressed in the second 

and third experiments. 

EXPERIMENT 2 
Auditory-Auditory Distraction Paradigm 

3.0. Introduction 

3.0.1 Attention dysfunctions in schizophrenia 

Schizophrenia has always been characterized by profound deficits in attention 

(Kraepelin, 1919) but the precise nature of these problems remains unclear. One major 

outstanding question concerns the relationship between these attention deficits and the 

demonstrated impairment in schizophrenic patients of functions attributed to the central 

executive (Bustini et al., 1999; Hutton et al., 2998, Pantelis et al., 1997; Rushe et al., 1999; 

Zalla et al., 2004). Several research teams are attempting to answer this question by 

formulating and testing different theories focussing on executive processes associated with 

the prefrontal cortex. 

Birkett, Brindley, Norman, Harrison and Baddeley (2006) suggested that attention 

deficits in schizophrenia may be caused by a dysfunction of the inhibitory component of 

executive control. This is consistent with Baddeley's (1986) working memory model, in 

which two modality-specific subsystems (the phonological loop and the visuospatial 

sketchpad) are controlled by the central executive. The central executive coordinates the 

activity of these subsystems and controls attention. Birkett et al.'s schizophrenia theory was 

not supported when they tested schizophrenic patients with attentional tasks containing 

different levels of difficulty. Patients performed more poorly than controls in the baseline 

condition, but they showed no disproportionate decline in performance in the condition that 

made greater demands on attention. 

Another line of research was inspired by a model developed by Posner and Petersen 

(1990), who suggested that attention consists of three distinct brain networks: the alerting 
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network, the orienting network, and the executive control (of attention) network. Alerting 

was defined as the ability to maintain the alert state and to respond to a warning signal. 

Orienting involves the selection of information among numerous sensory inputs. Executive 

control of attention involves self-regulation of cognition and emotions, most often measured 

by requiring a response to one aspect of a stimulus while ignoring a more dominant aspect 

(for example the Stroop task; Stroop, 1935). Separate studies (Gooding, Braun, & Studer, 

2006; Wang et al., 2005) recently examined these networks in schizophrenic patients by 

means of the attention network test (ANT; Fan, McCandliss, Sommer, Raz, & Posner, 2002). 

The ANT was designed to measure the efficiency of subjects' alerting, orienting and 

executive attention networks in a single experiment. Both studies concluded that 

schizophrenic patients had normal alerting networks, but that they showed a clear deficit in 

executive network and a smaller deficit in the orienting of attention. 

A third theory inspired by the work of Shakow (1962) proposes that a substantial part 

of the cognitive deficits of schizophrenic patients is caused by a disturbance in an underlying 

mechanism that is responsible for the representation and maintenance of context information 

needed to select and execute task-appropriate action (Cohen, Barch, Carter & Servan-

Schreiber, 1999; Cohen & Servan-Schreiber, 1992). Instead of postulating separate 

mechanisms for attention, active memory and inhibition, the context-processing theory 

proposes a single top-down mechanism of context representations that support task-relevant 

processes, thereby allowing them to compete effectively against irrelevant stimuli. This 

theory is consistent with findings of impaired context processing by schizophrenic patients in 

tasks such as the AX-CPT (Continuous Performance Test; Nuechterlein, 1991), in which 

there is a delay between context and response, thereby requiring maintenance of context over 

time (Barch et al., 2001; Holmes et al., 2005; MacDonald III et al, 2005). A context-

processing deficit was also suggested to explain the results of a study by Meiran, Levine, 

Meiran and Henik (2000), in which the set-switching impairment of schizophrenic patients 

disappeared once the task was modified to eliminate the advantage of remembering 

contextual information. 

Finally, Naatanen's (1990) psychophysiological model of central auditory processing 

was applied to schizophrenia. Starting with an experiment by Shelley et al. in 1991, many 

studies suggested that the attention deficits of these patients may be secondary to 
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impairments in pre-attentive automatic processing reflected in ERP-indexed MMNs. The 

main focus of these studies has been the Mismatch Negativity (MMN) ERP. A review by 

Umbricht and Krljes (2005) concluded that MMN deficits are very common in chronic 

schizophrenia. According to Naatanen (2003), these MMN findings suggest that pathologies 

appear to be present in the auditory and frontal cortices of schizophrenic patients, but that the 

frontal generators appear to be much more affected. 

3.0.2. Mismatch negativity and the Naatanen model 

As discussed in Experiment 1, the MMN ERP is an excellent tool to examine pre-

attentive information processing in schizophrenia. It is automatically generated relatively 

independently of attention (see Naatanen et al., 2007 for recent review) when an incoming 

auditory stimulus deviates in any way from the memory trace of a repeating series of 

auditory stimuli (or "standards") that immediately preceded the new stimulus. According to 

Naatanen (1992) and Cowan (1995), this pre-attentive neural process reflects the activity of 

our involuntary attention-orienting system, first described by Sokolov (1963), which detects 

potentially-dangerous deviant or novel stimuli. The MMN is an automatic biological-

survival alerting mechanism designed to stimulate humans and animals to explore 

unexpected events in their environments (Javitt et al.,1995). 

Figure 5 shows the model Naatanen (1990; modified for Naatanen et al., 2007) 

proposed to explain the processing of auditory stimuli. All auditory sensory information (S 

on the left) is analyzed by the fully-automatic Permanent Feature-Detector and Transient-

Detector systems. Information about specific physical stimulus features is stored for a brief 

period as a sensory-memory trace. (In 1999, Naatanen and Winkler expanded this sensory-

memory trace to add a memory trace of the preceding stimulus events or regularities.) In non-

task-related sensory analysis, the Transient-Detector System bombards the central executive 

mechanisms with interrupt signals by activating Nl-generator processes (1 on Figure 5). If 

the interrupt signals exceed a threshold, there is an attentional switch to conscious perception 

(2) and to the results of previous analysis stored in sensory memory (3). The Permanent 

Feature-Detector System passes information about the features of incoming stimuli to 

Sensory Memory (4). When a stimulus corresponding to the existing memory trace occurs, 

the trace is reinforced and strengthened. Once a solid memory trace has developed, any new 
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Figure 5. Naatanen's Model of Central Auditory Processing 
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stimulus that differs from it will generate an MMN. The greater the difference between the 

incoming stimulus and the previous repeated stimuli, the greater the MMN. Production of an 

MMN sends another attention-switch signal to the central executive (5). Attention is 

switched (2,3) when the strength of the attention-switch signal exceeds a variable threshold. 

This central auditory processing system is automatic, preconscious, extremely rapid, and 

(mostly) independent of attention. 

3.0.3. Schroger and Wolffs theories of attention orienting and reorienting 

Schroger and Wolff (1998a) took Naatanen's model further by proposing a multi-

component attention-orienting-and-reorienting process in which (1) the MMN starts the 

orienting process by indexing the involuntary automatic detection of change from the 

acoustic past; (2) if the extent of change is large enough, a subsequent P3a component signals 

an involuntary switch in the orientation of attention away from the task at hand and toward 

the novel distractor stimulus; and (3) a late negative component, the reorienting negativity or 

RON, reflects the reorienting of attention back toward the main task that was disrupted by the 

distractor stimulus. 

The P3a ERP is a centro-frontal positive ERP component associated with the 

orienting response (Friedman et al., 2001). It is often elicited in an active three-tone auditory 

file:///_MMNj
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oddball paradigm (with standard, target and novel stimuli) where task-related rare target 

stimuli elicit a later and more parietal maximum P3b ERP. The P3a is elicited automatically 

when a highly relevant, "attention-grabbing" stimulus, such as a novel or salient sound (e.g. 

dog bark, telephone ring, etc.), commands frontal lobe involvement (Polich et al., 2006). 

When the P3a is elicited by perceptually novel stimuli, it is called a "novelty P3". The P3a 

increases with the distinctiveness of the stimulus and peaks earlier (around 250-300 ms after 

stimulus onset) and has a more centro-frontal scalp distribution than the P3b. 

In support of the theory that the P3a is associated with the orienting response, the P3a 

is larger in the presence of a skin-conductance response, which is one of the autonomic 

nervous system reactions that acccompany the involuntary orienting of attention (Lyytinen et 

al., 1992; Sokolov et al., 2002). Even more convincing, Schroger and Wolff (1998b) found 

that in contrast to the MMN, the P3a and the RON (reorienting negativity) were only elicited 

in trials which had shown a reaction time prolongation to task-irrelevant deviant tones, 

indicating that subjects' attention had switched from the task to the distracting stimuli. The 

cerebral generators of the P3a are thought to include the supratemporal auditory cortex, the 

anterior and posterior association cortices and the posterior hippocampus (Friedman et al., 

2001). However, the sources of the P3a remain an issue of debate. In the process Schroger 

and Wolff proposed, the P3a is always preceded by an MMN that detects novelty or stimulus 

deviance (Kujala et al., 2007). The MMN is not always followed by a P3a, because the P3a 

occurs only when the MMN-related processes are of sufficient strength to trigger a switch in 

attention (i.e. when the extent of deviance is large). 

The reorienting negativity (RON) has a fronto-central distribution and occurs 

approximately 480 to 550 ms after stimulus onset (Schroger & Wolff, 1998a). It is believed 

to have multiple frontal generators (Escera et al., 2001; Schroger, Giard et al., 2000), 

although again little is known about its actual sources. Since it occurs only to task-irrelevant 

deviant stimuli that elicit a P3a (while subjects were performing a two-choice discrimination 

task - see description of that task below), Schroger and Wolff concluded that it did not 

reflect a global deviance-related effect. They hypothesized that it reflected the return of 

attention from the processing of task-irrelevant deviant stimuli and back toward the 

processing of the task-relevant stimuli. This was supported by findings that RON has larger 

amplitude to more task-disrupting events (Berti et al., 2001; Escera et al., 2001; Schroger, 
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Giard et al., 2000) and is correlated with the extent of deterioration of performance on the 

primary task, such as a decrease in the accuracy of detection and longer reaction times. 

Munka et al., (2006) suggested that the RON component reflects two functionally distinct 

processes of attentional allocation after distraction: (1) refocusing back to the ongoing 

primary task; and (2) general reorientation of attention, e.g. preparation for the upcoming 

task. 

3.0.4. Schroger's auditory distraction paradigm 

Traditional ERP distraction paradigms include task-related and non-task-related 

(distractor) stimuli that are embedded in different objects or modalities. For example, the 

pioneer study by Shelley et al. (1991) that first examined the MMN in schizophrenic patients 

presented target and distractor stimuli in different modalities. Subjects performed a visual 

task while they heard (and were instructed to ignore) standard and deviant auditory distractor 

stimuli of short and long duration. In another example by Gaeta et al. (2001), task targets 

and distractors were presented to subjects in the same modality, with task-relevant tones 

presented to the attended right ear and task-irrelevant distractor tones presented to the 

unattended left ear. 

By contrast, Schroger's (1997) novel auditory distraction paradigm presents task 

targets and distractors that are imbedded in the same channel. This is illustrated in Figure 6, 

which shows a sample often auditory stimuli from a Schroger-style paradigm. Two tones 

that were either short or long in duration are presented. The subject's task is to discriminate 

the duration of equiprobable tones by pressing an appropriate button. On 20% of the trials, 

the frequency of the stimuli changes. This infrequent deviant stimulus was irrelevant to the 

task. 

What is unique about the Schroger paradigm is that it provides both behavioural 

(performance) and physiological measures of the switching of attention. If the processing of 

the irrelevant stimulus interrupts the central executive controlling attentional allocation, 

performance on the duration discrimination task should deteriorate. This is because attention 

will be switched from the ongoing duration-discrimination task and toward the processing of 

the deviant stimulus. If this is the case, the deviant stimulus will elicit a large MMN 

(reflecting detection of stimulus change), followed by a P3a (reflecting the interruption of the 
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Figure 6. Schroger-Style Auditory Distraction Paradigm (Schroger & Wolff, 1998b) 

Auditory Distraction Paradigm 
Task: Duration Discrimination 

central executive and a switch of attention) and subsequently, a RON (reflecting a re­

orientation back to the duration- discrimination task). In the Schroger paradigm, the extent of 

distraction varies directly with many different factors, most importantly the extent of 

deviance. Small deviants are preferred in MMN research because large deviants also elicit 

other ERP components such as the Nl. As a result, it is difficult to disentangle the attention-

orienting effects of the MMN per se from other ERP effects. 

In one of the first published studies Schroger and Wolff (1998b) performed using this 

type of paradigm, their small frequency-deviant stimuli (standards and deviants with 

frequencies of 700 and 750 Hz, for a deviance of 7%) elicited MMN and P3a components. 

Importantly, the small-deviant stimuli distracted attentional resources away from the target 

detection task: hit rates to target stimuli of small-deviant frequency were significantly 

reduced by 4% relative to targets of standard frequency, and reaction time (RT) to target 

stimuli of small-deviant frequency was prolonged by about 50 ms relative to targets of 

standard frequency. These results demonstrated the efficiency of the new paradigm in 

producing orienting-related behavioural changes and ERPs. The effects of auditory 

distraction on an intra-modal auditory task are much larger than the effects of auditory 

distraction on an inter-modal visual task. Escera et al. (1998) observed a significant hit rate 
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decrease of 2.3% when the visual target stimulus was preceded by an auditory deviant 

(standards and deviants of 600 and 700 Hz, for a deviance of 17%), and the deviant tones did 

not significantly affect the RT. 

In addition to its ability to induce behavioural measures of distraction, the Schroger 

paradigm elicits ERPs associated with both target and distractor processing. As a result, the 

Schroger paradigm meets the two essential criteria for a satisfactory distraction paradigm set 

out by Tecce, Savignano-Bowman and Meinbresse (1976). These criteria require that the 

task (1) provide evidence that the distracting stimuli were cognitively processed, such as an 

MMN and a P3a; and (2) offer independent behavioural evidence that task-related processes 

were selectively impaired by the distractor stimuli, such as disruption of reaction times or in 

hit rates for targets associated with irrelevant distractor stimuli. Unlike passive paradigms 

such as the one used in Experiment 1, which involved no task or behavioural measures, 

Schroger's paradigm can link stimulus deviance, pre-attentive ERPs and behaviour together 

to draw conclusions about the relationships and interactions between pre-attentive processing 

and the subsequent cost of deviance processing, which is performance impairments. 

3.0.5. Distraction-related ERPs and schizophrenia 

MMN ERPs. As discussed in Experiment 1, diminished MMN amplitudes are a 

robust feature in schizophrenia (reviewed by Umbricht & Krljes, 2005). The MMN 

amplitude following presentation of both frequency and duration deviants was attenuated in 

the patients. The MMN components associated with duration deviants were more diminished 

than the MMN components associated with frequency deviants. The causes of these MMN 

impairments remain unclear. One theory claims that these deficits may reflect inaccurate 

encoding of stimulus features. As a result, the stored memory trace of the standard is 

imprecise. The detection of stimulus change upon presentation of the deviant would thus be 

more difficult to make (Javitt et al., 2000a). A second theory claims that the problem occurs 

later, at the time of the subsequent activation of the frontal-lobe attention-switching 

mechanism (Baldeweg et al., 2002; Sato et al., 2003). A third theory proposes that the main 

impairment may be a failure of coordination between different brain regions, for example 

between the temporal and frontal lobes (Ford et al., 2007; Jacobsen et al., 2004). MMN 

impairment has been associated with JV-methyl-D-aspartate (NMDA) receptor hypofunction 
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(reviewed by Umbricht & Krljes). Acetylcholine, acting upon the nicotinergic a7 sub-

receptor, is an important modulator of NMDA receptor function (Quarta et al., 2007). 

P3A ERPs. Although the implications of altered MMNs for attention deficits in 

schizophrenia has yet to be systematically investigated, the P3a index of attentional 

switching has received extensive study in this disorder. Many of these studies reported 

reduced P3a amplitudes in schizophrenic patients (Alain et al., 2002; Devrim-Ucok et al., 

2006; Grillon et al., 1990; Grzella et al., 2001; Mathalon et al., 2000; Merrin et al., 1994; van 

der Stelt et al., 2004). One study found prolonged P3a latencies (Merrin et al.) in these 

patients. One study (Schall et al., 1999) found greater P3a amplitudes in patients than in 

controls. Two studies (Kogoj et al., 2005; Michie et al., 2002) showed no P3a amplitude 

differences between patients and controls. Michie et al. (2002) found that first-degree 

relatives of patients had greater P3a amplitudes than patients, but that the P3a of both 

relatives and patients did not differ from the P3a of controls. Reductions of the P3a in 

schizophrenia were associated with dysfunction of the anterior cingulate (Mathalon et al., 

2000; Turetsky et al., 1998), and with prefrontal and medial temporal lobe lesions (Knight et 

al., 1998). 

These numerous findings of reduced P3a amplitudes in schizophrenic patients appear 

to contradict well-known facts about their abnormal distractibility (Braff, 1993). According 

to the Schroger-Wolff theories described above, decreased P3a levels in patients should lead 

to the conclusion that the patients are less distractible than controls since they would be less 

likely to switch attention toward irrelevant deviant stimuli. This is not the only possible 

conclusion, however, because the Naatanen model (1990, 1992) specifies that the threshold 

for the switching of attention may vary across individuals and groups. It is therefore possible 

that the threshold for the switching of attention is unusually low for schizophrenic patients. 

Thus, even though they may have attenuated MMN and P3a components, they might be 

sufficient to cause an attentional switch. 

Laurens et al., (2005) used event-related fMRI to elucidate the functional abnormality 

underlying the reduced P3a they had observed in schizophrenic patients. They found 

underactivity in several relevant brain areas during novel stimulus processing. In particular, 

dysfunction within the right amygdala-hippocampal complex and widespread paralimbic 
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cortex suggested that patients were less engaged by the deviant novel stimuli than controls, 

and were therefore less able to effectively assess their potential significance for ongoing 

behaviour. Other neural abnormalities also suggested that patients would have difficulty in 

extracting the relevance (or rather, the irrelevance) of the deviant stimuli for subsequent 

behaviour. 

RON ERPs. A search of the PubMed Internet site did not produce any studies that 

examined the RON component in schizophrenic patients. However, the fMRI study by 

Laurens et al. (2005) found dorsal frontoparietal hypoactivity which suggested that these 

patients experienced particular difficulty in reorienting processing resources when a salient 

deviant stimulus had interrupted a current task. 

3.0.6. Distraction-related ERPs, schizophrenia and nicotine 

Postmortem studies found decreased levels of a 7 nicotinic cholinergic receptors in 

the brains of schizophrenic patients who had been smokers (Freedman et al., 1995; Guan et 

al., 1999). This reduction may cause a failure of cholinergic activation of inhibitory 

interneurons that may affect the filtering of responses to redundant or irrelevant distracting 

sensory stimulation. Filtering impairments in schizophrenia have been consistently indexed 

by a midlatency positive ERP component, the P50. The P50 is elicited with a task using 

successive paired auditory stimuli with very short inter-stimulus intervals (<500 ms). 

Healthy subjects typically show inhibitory filtering or "gating," manifested in a diminished 

P50 response to the second stimulus, but schizophrenic patients routinely fail to show a 

diminished response to the second stimulus (Light & Braff, 1999). 

It is well established that nicotine normalizes the P50 gating deficit in schizophrenic 

patients and relatives of patients (Adler et al., 1993; Adler et al., 1998). More recently, 

increased inhibition of P50 auditory evoked responses in schizophrenia was evidenced with 

DMXB-A, a novel partial a 7 nAChR agonist (Olincy et al., 2006). In the same series of 

trials, DMXB-A improved patients' scores on attention/vigilance and working memory and 

reduced their negative symptoms (Freedman et al., 2008). These findings and other studies 

described in Experiment 1 provide support to the theory that schizophrenic patients smoke as 

self-medication to relieve early sensory processing deficits that may mediate the cognitive 

and clinical symptoms of this disorder (Lasser et al., 2000). 
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Recently, Inami et al. (2007) examined nicotine and the MMN in schizophrenia. 

They used a passive paradigm in which nonsmoking hospitalized schizophrenic patients and 

healthy control subjects were administered placebo and nicotine transdermally (in separate 

sessions) and watched a silent movie while they heard tones through earphones. Most of the 

tones (95%) had a frequency of 1000 Hz while the rest (5%) had a frequency of 1050 Hz. 

Nicotine had no effect on the MMN amplitudes or latencies of the patients but it shortened 

the MMN latencies of control participants. Inami et al. concluded that the lack of a similar 

latency effect in patients may be due to an abnormally low a 7 nicotinic receptor function. 

Nicotine increased MMN amplitude and decreased MMN latency in Alzheimer 

patients (Engeland et a l , 2002). It has been shown to decrease MMN latencies in healthy 

volunteers (Inami et al., 2005) and to increase MMN amplitudes in healthy smokers and non-

smokers (Harkrider et al.,2005). Nicotine also increased MMN amplitudes in healthy 

smokers by enhancing a frontal positive ERP to standard stimuli (Baldeweg et al , 2006). 

Baldeweg et al. concluded that nicotinic agonists might ameliorate the MMN deficits of 

schizophrenic patients by improving stimulus encoding and sensory memory trace formation. 

Few studies have examined the effect of nicotine on the P3a in either healthy people 

or schizophrenic patients. According to Polich et al.'s (2006) recent review of the 

neuropsychology and neuropharmacology of the P3a, the neurotransmitter most closely 

associated with the P3a is dopamine. Many studies confirm that nicotine, like many other 

addictive substances, stimulates the release of dopamine, thereby causing a hedonic response 

(Barrett, Boileau, Okker, Pihl, & Dagher, 2004; Brody et al, 2004; Montgomery, Lingford-

Hughes, Egerton, Nutt, & Grasby, 2007). Polich et al. found that heavy users of tobacco had 

larger P3a amplitudes than light users. Moreover, nicotine increased P3a amplitude in 

healthy subjects. The P3a response of schizophrenic patients to nicotine may differ from that 

of healthy subjects since schizophrenia is characterized by multiple dysfunctions of the 

dopamine system (Guillin et al., 2007). 

3.0.7. Objectives and hypotheses 

The main goal of Experiment 2 is to use a paradigm similar to that of Schroger and 

Wolff (1998a; 1998b) to examine the effects of nicotine on the behavioural task performance 

and the pre-attentive MMN, P3a and RON ERP components of schizophrenic smokers 
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following the occurrence of potentially distracting events. Because this experiment had not 

previously been carried out in schizophrenic patients, an initial pilot study was run. In this 

pilot study, minimally-abstaining (3 hours) healthy and schizophrenic smokers were asked to 

discriminate between short and long tones while task-irrelevant small and large frequency 

increments embedded in the same tones acted as distractors. Unfortunately, five of the eight 

patients that were tested were unable to adequately perform the duration-discrimination task. 

Following consultation with Dr. SchrOger (personal communication, 2005), the task was 

modified. Rather than asking subjects to discriminate the duration of a tone, they were asked 

to discriminate its location. The tones were randomly presented to either the left or right ear. 

At rare and random times, the frequency of the tone was changed; this change was irrelevant 

to the location-discrimination task. 

Experiment 2 had two specific objectives. The first was to compare schizophrenic and 

control smokers with respect to the pre-attentive detection of task-embedded potentially 

distracting auditory frequency-deviant stimuli and the possible consequent involuntary 

switching of attention. This was examined by both performance (behavioural) and 

electrophysiological measures. Performance was assessed by two measures: RT and correct 

responses ("hit" rates). Distraction occurred if RTs were prolonged or hit rates were 

decreased following presentation of the deviant relative to the standard. Distraction was also 

measured electrophysiologically by examining the deviant-elicited MMN and possible P3a 

and RON components. The second objective was to examine the effects of nicotine on the 

behavioural performance and the MMN, P3a and RON components of schizophrenic 

smokers. The Nl ERP to standard stimuli was also evaluated to determine whether any 

group differences or nicotine effects were related to early encoding of sensory features. The 

extent of deviance was also manipulated by presenting small and large frequency deviants. 

Given previous research findings, it was predicted that rare deviant sounds would impair 

behavioural performance, as evidenced by slower reaction times and reduced hit rates, with 

greater impairment to larger (vs. smaller) deviants. Greater performance impairments were 

predicted in patients than in controls. It was also predicted that rare deviant sounds would 

elicit attenuated MMN, P3a and RON components in patients (vs. controls). Finally, it was 

predicted that nicotine (vs. placebo) would increase the MMN of patients and improve their 

behavioural performance, but that nicotine would not increase and may decrease distraction 
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as indexed by the P3a and consequent RON. As an additional objective, the experiment 

examined the relationships between patients' clinical symptoms, including smoking 

withdrawal symptoms, and ERP and behavioural indices, and between patients' medication 

and ERP and behavioural indices. 

3.1. Method 

3.1.1 Participants 

Twelve male controls and 11 male outpatients from the Experiment 1 participant pool 

took part in Experiment 2. The inclusion/exclusion criteria, symptoms ratings by treating 

psychiatrists and the auditory screening were the same as in Experiment 1. To ensure that 

controls and patients were matched on intelligence and smoking-related factors, they 

completed the North American Reading Test (NART; Blair et al.,1989; see Appendix A), 

which is an approximate measure of intelligence, the 8-item 15-point Modified Fagerstrom 

Test for Nicotine Dependence (FTND: Heatherton et al.,1991; see Appendix B), and the 

Modified Reasons for Smoking Scale (MRSS; Berlin et al , 2003; see Appendix C). All 

subjects received an honorarium for their participation. 

3.1.2 General procedure 

Testing took place between 12:00 and 17:00 at the Clinical Neuroelectrophysiology 

and Cognitive Research Laboratory of the Royal Ottawa Mental Health Centre. All 

participants were instructed to abstain overnight from alcohol, caffeine and any drug other 

than the patients' medication, and were requested to refrain from smoking for three hours 

before the tests. Control participants were required to attend one test session lasting 

approximately 2.5 hours while patients were required to perform the same tests twice, in two 

separate sessions lasting approximately 3-3.5 hours each. Patients' sessions were longer 

because they involved a nicotine-or-placebo administration procedure. Upon their first 

arrival at the lab, adequacy of all participants' hearing levels was tested at 750 Hz, 1000 Hz 

and 1500 Hz, using a descending method-of-limits procedure, before EEG recording 

commenced. All thresholds were at or below 20 dB (SPL). Participants were then questioned 

about their abstinence from smoking, alcohol and drugs. Carbon monoxide (CO) levels were 

also assessed by means of an instrument measuring their expired-breath CO level 
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(Vitalograph Breath CO instrument, Vitalograph Inc., Lenexa, Kansas). Participants were 

then taken in a sound-attenuated, electrically-shielded recording chamber and sat in a 

comfortable chair while electrodes were applied. During this application, patients were 

administered nicotine or a placebo (see nicotine procedure below). The drug conditions were 

not administered to the controls. Following electrode placement and nicotine or placebo 

absorption (in patients), electrophysiological data were acquired over a 30-40 minute interval 

which allowed for several 2-3 minute breaks. Frequent rest periods were required to maintain 

patient co-operation. At the end of the recordings, participants completed the Tobacco 

Withdrawal Symptom Checklist (TWSC; Hughes et al., 1986; see Appendix D and 

description below). 

3.1.3 Nicotine and placebo administration 

Nicotine was administered within a randomized, double-blind, placebo-controlled, 

cross-over design with half of the patients receiving nicotine in the first session and placebo 

in the second session, and the remaining half receiving nicotine and placebo in the reverse 

order. Nicotine was administered orally as two 4-mg pieces of Nicorette Plus polacrilex gum 

(Hoechst Roussel). The placebo gum (containing no nicotine) was a commercial gum similar 

in size, shape and texture. To reduce any perceptual and sensory differences between the 

placebo and nicotine gums, patients wore a blindfold while putting the gum pieces in their 

mouths. Also, a drop of mint oil was placed on each gum and participants wore nose plugs 

throughout the chewing period. During that period, which lasted 25 minutes as specified by 

the Nicorette Plus guidelines, patients heard a taped voice every minute asking them to chew 

("bite twice"). After each bite, they "parked" the gum between their teeth and gums. After the 

chewing period, the gum was discarded and patients were given a strong commercial mint 

gum to chew for five minutes to help disguise any placebo-nicotine difference. 

Cigarette smoking yields a rapid delivery of nicotine to the bloodstream, resulting in 

sharp peaks in blood nicotine concentration. The peak of plasma nicotine concentration 

achieved within ten minutes of smoking an average-nicotine-yield cigarette is approximately 

35 nanograms per milliliter, followed by a trough at 15 nanograms per milliliter within 30 

minutes (Russell, 1988). After chewing one piece of 4-mg nicotine gum for 30 minutes, 

blood concentration reaches a peak of about 18 nanograms per milliliter of nicotine (Russell 
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et al., 1980). Chewing two pieces of 4-mg nicotine gum results in peak blood levels of about 

36 nanograms per milliliter within 30 minutes after the initiation of chewing, which 

approximates the effect achieved ten minutes after smoking a cigarette. The elimination half-

life of nicotine is approximately 120 minutes (Benowitz et al., 1982; Feyerabend et al., 

1985). 

3.1.4 Stimulus paradigm 

Participants were asked to discriminate between tones of 80 dB (SPL) presented 

through headphones to their left or right ear with equal probability for each type of tone. 

They were instructed to respond as quickly and as accurately as possible with a right mouse 

button press when the sound was in their right ear and a left button press when the sound was 

in their left ear. The tones (5 ms rise/fall) lasted 100 ms and varied in frequency: 80% had a 

frequency of 700 Hz (standards), 10% a frequency of 750 Hz (small deviant), and 10% a 

frequency of 1200 Hz (large deviant). A stimulus was presented every 1300 ms. The tones 

were presented in one practice block and four testing blocks, with 2-3 minute breaks between 

the blocks. The practice block had 96 standards, 12 small deviants and 12 large deviants. It 

was repeated until a participant obtained 60% correct responses. If a participant was unable 

to reach that level of proficiency after three practice runs, the test was terminated. Each of 

the four testing blocks had 200 standards, 26 small deviants and 26 large deviants, for a total 

of 800 standards, 104 small deviants and 104 large deviants. Within each block, standard 

and deviant stimuli were presented in a random order with the exception that no two deviant 

tones could occur in sequence. At random, half of the stimuli were presented to the left ear 

and half to the right ear. Participants were instructed to keep their eyes open and focused on a 

fixation point located approximately five feet in front of them. 

3.1.5 EEG recording and measures 

ERPs were recorded with tin electrodes placed on midline frontal (Fz), central (Cz) 

and parietal (Pz) scalp positions according to the international 10-20 system (Jasper et al., 

1958; Cooper et al., 1969). Scalp electrical activity was recorded in a monopolar manner, the 

reference being to linked earlobes. Two additional electrodes, one on the left supra-orbital 

ridge and one on the external canthus of the left eye, recorded electro-oculographic (EOG) 
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activity in one channel, with a mid-forehead electrode serving as ground. Electrode 

impedances were kept below 5 kOhms. The EEG and EOG signals were recorded 

continuously with an analog-to-digital sampling rate of 256 Hz, using amplifier bandpass 

filters set at 0.1-30.0 Hz. Digital data were stored on hard disk for off-line ERP processing 

and analysis. Off-line, the continuous EEG signals were reconstructed into 950 ms epochs (or 

"trials"), beginning 50 ms prior to stimulus onset. Eye movements and blink artifact were 

removed from the EEG signals using an algorithm operating in the time and frequency 

domains (Woestenburg et al.,1983). Ocular-corrected trials with amplitudes exceeding +/-100 

laV were excluded from further analyses. For each participant and drug condition, trials were 

averaged separately for correctly-detected standard, small-deviant and large-deviant stimuli 

and sorted according to scalp recording site. A minimum of 65 artifact-free correctly-

detected deviant stimulus trials was required to retain a participant's ERP averages in the 

final analysis. 

Amplitudes and latencies of the ERP components were based on latency windows 

taken from grand-average waveforms. All ERP amplitudes were measured relative to the 

average of all data points in the pre-stimulus baseline. Nl latency to standard stimuli was 

defined at Fz (where it was largest) as the latency corresponding to the maximum peak 

negativity occurring within the 50-150 ms latency range. Nl amplitude was defined as the 

average of the amplitude points (relative to the average pre-stimulus voltage) within a 50 ms 

window around each individual's peak negativity, i.e. 25 ms pre-peak and 25 ms post-peak. 

The MMN was measured in the difference wave, calculated by subtracting point-by-point the 

ERP to the standard from that of the deviant. The difference wave removes processing that is 

common to both the standard and the deviant, leaving only the difference in processing (for 

example, the MMN). MMN latency was defined at Fz as the latency corresponding to the 

peak negativity occurring during the 80-220 ms latency range, and MMN amplitude was 

defined as the average of the amplitude points within a 50 ms window around each 

individual's peak negativity. P3a and RON amplitudes and latencies were derived from 

difference waveforms in the same manner as MMN amplitudes and latencies, but for the P3a, 

latency was defined as the latency corresponding to the peak positivity occurring within the 

200-400 ms latency range at Cz, and for the RON, latency was defined as the latency 

corresponding to the peak negativity occurring within the 450-600 latency range at Fz. 



Nicotine and schizophrenia 106 

3.1.6 Behavioural measures 

Trials with a correct button press to stimuli 100 to 900 ms relative after stimulus 

onset were considered to be hits. Reaction times (ms) and hit rates (%) were determined 

separately for standard tones, small-deviant tones and large-deviant tones for control 

participants and for patients in the placebo and nicotine conditions. Missed responses were 

not analyzed as they were minimal in number and were not different between groups or 

between stimuli or drug conditions. 

3.1.7. Smoking withdrawal ratings 

Smoking withdrawal symptoms were assessed at the end of each session with the 

TWSC to determine whether alterations in behaviour and in ERPs by nicotine were related to 

withdrawal relief. The items of the self-report TWSC questionnaire, which are derived from 

the DSM-IV list of withdrawal symptoms (American Psychiatric Association, 1994), are 

irritability, frustration or anger, difficulty concentrating, restlessness, anxiety or nervousness, 

hunger, depressed mood, and desire to smoke. For each item, participants were asked to 

choose on a four-point scale (0=not present, l=mild, 2=moderate, 3=severe) the answer that 

best described how they felt. Scores for each symptom rating were summed to form a single 

TWSC index. 

3.1.8 Analysis 

Statistical analyses were performed using SPSS (Statistical Package for Social 

Sciences, 15th Edition). Analyses of variance (ANOVAs) were run on behavioural measures 

(reaction times and hit rates) and on ERP amplitudes and latencies (Nl, MMN, P3a and 

RON). Separate mixed-design ANOVAs compared the behavioural measures and ERPs of 

controls with those of patients in the placebo condition, and the behavioural measures and 

ERPs of controls with those of patients in the nicotine condition, using one between-subjects 

factor with two levels (group: controls vs. patients) and one within-subjects factor with three 

levels for the behavioural measures (type of deviant: standard vs. small-deviant vs. large-

deviant) and with two levels for the MMN, P3a and RON (type of deviant: small-deviant vs. 

large-deviant). Repeated-measures ANOVAs compared the behavioural measures and ERPs 

of patients in the placebo condition with those of patients in the nicotine condition, using two 

within-subjects factors (condition: placebo vs. nicotine; type of deviant: small-deviant vs. 
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large-deviant). Greenhouse-Geisser corrections were applied when appropriate to 

compensate for sphericity (equal covariance) violations. Since all the effects were the 

subject of specific a priori hypotheses based on previous research findings, a .05 level of 

significance was used in all analyses. 

Confidence intervals of the means were examined to determine whether MMN, P3a 

and RON mean amplitudes were significantly different from the zero baseline. T-tests were 

used to determine whether control and patient participants differed on personal 

characteristics including age, education, BMI, number of cigarettes smoked per day, breath 

CO level, scores on the NART, FTND, and MRSS; whether the TWSC scores of patients 

with placebo differed from those of controls and patients with nicotine; and to compare the 

numbers of EEG trials analysed for each group, condition and paradigm. Pearson Product 

Moment Correlation or non-parametric equivalents were used to assess the relationships 

between behavioural and ERP measures and PANSS scores, TWSC ratings and patients' 

medication. 

3.2 Results 

3.2.1 Participant Characteristics 

Demographic and clinical characteristics of participants are in Table 12, as well as 

results of independent-samples t-tests comparing patients and controls. No significant 

differences were found between control and patient participants for any personal 

characteristic, including age, schooling, body-mass index, number of cigarettes per day, CO 

levels, intelligence (excluding three patients whose English was poor), degree of nicotine 

dependence or reasons for smoking. Scores on the FTND (12 for patients and 11 for controls) 

indicated that both groups were heavily dependent on nicotine (7 points or more = heavy 

dependence). Controls and patients did not differ with respect to tobacco withdrawal 

symptoms, nor was there any difference in withdrawal symptoms between patients in the 

placebo condition (M=7.45; SE=1.4) and patients in the nicotine condition (M=9.55; SE=1.5) 

[f(10)=1.12, p<29]. 
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Table 12. Means (SE) of Characteristics of Patients and Control Participants 

Controls 
(n=12) 

Variable 

Age 
Years of schooling 
BMI 
Cigarettes per day 
CO level 
NART* 
TWSC 
FTND 
MRSS-addiction 
MRSS-pleasure 
MRSS-relaxation 
MRSS-social 
MRSS-stimulation 
MRSS-habit 
MRSS-sensorimotor 
PANSS (positive) 
PANSS (negative) 
PANSS (general pathology) 
Chlorpromazine daily 

equivalents (mg.) 

Patients 
( n = l l ) 

42 (2.6) 
12 (0.3) 
26(1.5) 
26(3.1) 
17(1.4) 

106(1.8) 
8(1.1)** 

12 (0.7) 
6 (0.7) 
9 (0.7) 
7(1.0) 
4 (0.5) 
5(1.0) 
3 (0.7) 
4 (0.8) 

15(1.8) 
14(1.3) 
25 (2.1) 

114(47.4) 

42 (2.5) 
13 (0.2) 
24 (0.9) 
23 (1.3) 
18(1.9) 

112(2.2) 
8 (0.9) 

11(0.7) 
5 (0.6) 
8 (0.5) 
7 (0.8) 
3 (0.4) 
5 (0.5) 
4 (0.7) 
6 (0.8) 

-0.12 
-0.47 
0.82 
1.12 

-0.28 
-1.89 

0.32 
0.81 
0.15 
1.40 

-0.07 
1.12 

-0.24 
-0.88 
-1.59 

.91 

.64 

.42 

.28 

.79 

.08 

.75 

.43 

.89 

.18 

.94 

.27 
.82 
.39 
.13 

Three patients were excluded because of their poor knowledge of English. 
** The TWSC score for patients is an average of the scores for their two sessions. 

PANSS scores for the patients averaged 54 (15 + 14 + 25) and ranged from 34 to 77. 

According to a recent study (Leucht et al., 2005) that translated PANSS scores into ratings on 

the Clinical Global Impressions Scale (CGI; Guy, 1976), which is used by psychiatrists to 

obtain a global picture of patients' overall clinical state, the CGI ratings of this study's patient 

participants were roughly as follows: none at score 1 = normal, not at all ill; 1 at score 2 = 

borderline mentally ill; 5 at score 3 = mildly ill; 4 at score 4 = moderately ill; 1 at score 5 = 

markedly ill; none at score 6 = severely ill; and none at score 7 = extremely ill. 

* 
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3.2.2 Behavioural performance 

Means and standard errors for behavioural performance measures are shown in Table 

13. There were no significant differences in RTs between controls, patients with placebo and 

patients with nicotine. However, significant main effects of type of deviant were found in 

the analyses of controls and patients with placebo [F(l,21)=9.53,/?<.001, n2=.3\], controls 

and patients with nicotine [F(l,21)=8.07,/?<.001, «2=.28], and patients in the placebo and 

nicotine conditions [F(l,21)=4.77,p<.03, n2=32]. Planned follow-up analyses revealed that 

all groups and conditions had significantly prolonged RTs to large-deviant stimuli than to 

standard stimuli (controls: /K.003; placebo: /?<.007; nicotine: p<.049). There was no 

significant difference between reaction times to small-deviant and standard stimuli. 

Controls had significantly higher hit rates than patients with placebo [F(l,21)=6.29, 

/?<.02, «2=.23] and patients with nicotine [F(l,21)=4.57,p<.04, «2=.18]. The proportion of 

misses did not increase following presentation of either the small or large deviant stimuli 

[F(l,21)=0.98,/?<.37 for controls vs. patients-placebo]. There were no differences in hit rates 

between patients in the placebo and nicotine conditions. 

Table 13. Mean RTs and Hit Rates to Standard Stimulus and to Small-Deviant and 
Large-Deviant Stimuli 

RT (SE) Hits (SE) 
ms % 

Controls (n=12) 
standard stimulus 382(15.1) 94(1.0) 
small-deviant stimulus 388(15.2) 95(1.0) 
large-deviant stimulus 402(16.5) 95(1.2) 

Patients with Placebo (n=l 1) 
standard stimulus 398(26.7) 86(3.1) 
small-deviant stimulus 402(26.7) 87(2.8) 
large-deviant stimulus 410(25.0) 88(3.1) 

Patients with Nicotine (n=l 1) 
standard stimulus 390(21.5) 84(5.3) 
small-deviant stimulus 393(22.5) 85(4.7) 
large-deviant stimulus 407(21.1) 82(6.3) 



Nicotine and schizophrenia 110 

3.2.3 EEG Results - General 

Table 14 displays the number of EEG trials averaged for standard and deviant stimuli 

included in the analyses for each group and condition. Control participants had more trials 

than patients for all three stimuli, but the only difference that reached statistical significance 

was between controls and patients in the nicotine condition for small-deviant stimuli [t(2l) = 

-2.22, p < .048]. 

Table 14. Mean (SE) Trials per Average ERP to Standard and Deviant Stimuli 

Standard Small-deviant Large-deviant 
stimuli stimuli stimuli 

Controls (n=12) 750(11.4) 99(1.4) 97(2.0) 

Patients 

placebo (n=ll) 712(41.7) 93(6.0) 94(5.8) 

nicotine (n=ll) 676(49.2) 84(6.3) 87(6.6) 

Grand-averaged raw waveforms are shown in Figure 7. It illustrates the waveforms 

elicited by standard, small-deviant and large-deviant stimuli in control participants, patients 

in the placebo condition and patients in the nicotine condition. Grand-averaged difference 

waveforms for small-deviant and large-deviant stimuli are presented in Figure 8. Raw ERPs 

are usually larger than those observed in the difference wave. As a result, the vertical 

amplitude scale is 2.5 pV for the raw ERPs (Figure 7) while for the difference waves (Figure 

8), the same scale reflects a deflection of only 0.66 |JV. 

3.2.4 Nl event-related potentials to standard stimuli 

Means and standard error values for Nl ERPs to standard stimuli at Fz are provided 

in Table 15. There were no significant differences in Nl amplitudes or Nl latencies to 

standard stimuli between control participants, patients in the placebo condition and patients 

in the nicotine condition. 
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Table 15. Mean (SE) Nl Amplitudes and Latencies at Fz to Standard Stimuli 

Controls (n=12) 

Patients with Placebo 
(n=ll) 

Patients with Nicotine 
(n=ll) 

Amplitude (pV) 

-2.47(0.3) 

-2.07(0.2) 

-1.90(0.2) 

Latency (ms) 

94.66(2.5) 

96.02(2.7) 

95.67(2.5) 

3.2.5 MMN event-related potentials 

Table 16 shows means and standard errors of MMN amplitudes and latencies at Fz 

from difference waveforms to small-deviant and large-deviant stimuli. The asterisks in the 

table indicate whether the MMN amplitudes were significantly different from the zero 

baseline. All MMN amplitudes were significantly different from zero except those of patients 

with placebo to small-deviant stimuli. 

Table 16. Mean (SE) MMN Amplitudes and Latencies at Fz to Small- and Large-
Deviant Stimuli, with Significance of MMN Amplitudes Compared with Zero Baseline 

MMN Amplitude MMN Latency 

Controls (n=12) 

Patients with Placebo 
(n=ll) 

Patients with Nicotine 
(n=ll) 

Small Deviants 

MV 

-0.62(0.2)** 

-0.28(0.2) 

-0.32(0.1)* 

Large Deviants 

MV 

-0.71(0.2)** 

-0.64(0.2)** 

-0.67(0.3)* 

Small Deviants 

ms 

159.77(7.8) 

153.56(7.2) 

146.80(9.5) 

Large Deviants 

ms 

132.42(6.0) 

142.90(6.3) 

147.51(12.9) 

*p<.05; **p<.0\ 
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ANOVAs failed to find differences between the MMN amplitudes of controls, 

patients with placebo and patients with nicotine. Only one significant type-of-deviant main 

effect was found, in the analysis of patients in the placebo and the nicotine conditions 

[F(l,10)=5.35,/?<.04, n2=35]. Planned follow-up analyses of this type-of-deviant effect 

indicated that the MMN of patients with placebo [F(l,10)=5.88,/?<.036, n2=.37] was larger 

following presentation of the large deviant than following presentation of the small deviant. 

MMN latencies did not differ significantly between controls, patients with placebo 

and patients with nicotine. Only one significant type-of-deviant main effect was found, in the 

analysis of controls and patients with placebo [F(l,21)=10.94, p<.003, «2=.34]. Planned 

follow-up analyses of this type-of-deviant effect indicated that the MMN latencies of control 

participants [F(l,21)=l 1.85,/?<.002 = »2=.34] were shorter following presentation of the 

large deviant than following presentation of the small deviant. 

3.2.6 P3a event-related potentials 

Means and standard error values for P3a amplitudes and latencies are presented in 

Table 17. The asterisks in the table indicate whether the P3a amplitudes were significantly 

different from the zero baseline. In spite of the large differences in P3a amplitudes visible in 

Figure 8, none of these amplitudes were significantly greater than zero, and none of the 

ANOVA results were significant. 

This discrepancy led to a closer examination of the data that revealed important 

outliers in the P3a amplitudes of one control participant (z score > 2.5). New analyses were 

performed after replacing these outlying P3a values with the mean P3a values for the other 

control participants (see corrected data in Table 17). New examinations of the confidence 

intervals of the means revealed a significant P3a component in controls to large-deviant 

stimuli. New ANOVAs found that controls had significantly larger P3a amplitudes to large 

deviants than patients with placebo [ F(l,21)=6.5,/?<.02, n =.24] and patients with nicotine 

[F(l,21)=6.71,/X.02, w2=24]. 
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Table 17. Mean (SE) P3a Amplitudes and Latencies at Cz to Small-Deviant and Large-
Deviant Stimuli, with Significance of P3a Amplitudes Compared with Zero Baseline 

P3a Amplitude 

Small Deviants 

UV 

Large Deviants 

MV 

P3a Latency 

Small Deviants Large Deviants 

ms ms 

Controls (n=12) 
. original data 

. outlier-corrected 

Patients with Placebo 
(n=ll) 

Patients with Nicotine 
(n=ll) 

0.07(0.2) 

0.23(0.1) 

0.06(0.2) 

0.10(0.2) 

0.69(0.4) 

0.93(0.3)** 

0.16(0.2) 

0.15(0.2) 

289.65(10.6) 283.79(13.2) 

284.23(21.2) 250.14(11.1) 

312.64(15.2) 281.04(12.4) 

**p<.01 

Planned follow-up analyses of these P3a amplitude group effects specified that 

controls had significantly larger P3a amplitudes to large-deviant stimuli than patients with 

placebo [F(l,21)=6.36,/?<.02, n2=.23] and patients with nicotine [F(l,21)=7.0,/X.02, 

n2-25], but that their P3a amplitudes to small-deviant stimuli were not different. Main 

effects for type of deviant were found in analyses of controls and patients with placebo 

[F(l,21)=4.755jp<.04, «2=.19] and controls and patients with nicotine [F(l,21)=4.15,^<.055, 

n =.17]. Planned follow-up analyses of these type-of-deviant effects revealed that controls 

had larger P3a amplitudes following presentation of the large deviant than following 

presentation of the small deviant [F(l,21)=7.66, p<.01, n2=.27]. 

Analyses of P3a latencies found significant main effects for type of deviant in the 

analyses of controls and patients with nicotine [F(l,21)=4.43,/?<.04, n =.17], and patients in 

both conditions [F(l,10)=6.23,/><.03, n =.38]. Planned follow-up analyses of these type-of-

deviant effects revealed that patients in the nicotine condition had shorter P3a latencies 

following presentation of the large deviant than following presentation of the small deviant 

[F(l,10)= 8.69,/?<.015, n2=M]. 
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3.2.7 RON event-related potentials 

Table 18 shows means and standard errors of RON amplitudes and latencies at Fz 

from difference waveforms to small and large deviant stimuli. The asterisks indicate whether 

the RON amplitudes were significantly different from the zero baseline. Only RON 

components to large deviants in patients with nicotine were significant. ANOVAs of RON 

amplitudes found no significant effects. 

ANOVAs of RON latencies found main effects for type of deviant in the analyses of 

controls and patients with placebo [F(l,21)=7.66,/><.00, n =.50], of controls and patients 

with nicotine [F(l,21)=17.59,/?<.00, n =.46], and of the two patient conditions 

[F(l,10)=5.89,p<.04, n =.37]. Planned follow-up analyses of these type-of-deviant effects 

revealed that RON latencies were shorter following presentation of the large deviant than 

following presentation of the small deviant in controls [ir(l,21)=15.17,/7<.00, »2=.42], in 

patients with placebo [F(l,21)=5.88,/?<.04, «2=.37], and in patients with nicotine 

[F(l,21)=4.31,p<.05, n 2=17]. 

Table 18. Mean (SE) RON Amplitudes and Latencies at Fz to Small- and Large-
Deviant Stimuli, with Significance of RON Amplitudes Compared with Zero Baseline 

RON Amplitude RON Latency 

Small Deviants Large Deviants Small Deviants Large Deviants 

UV pV ms ms 

Controls (n=12) -0.11(0.2) -0.07(0.1) 526.95(13.36) 479.75(8.2) 

Patients with Placebo 
(n=12) -0.08(0.2) -0.05(0.3) 515.41(13.8) 474.93(9.7) 

Patients with Nicotine 
(n=12) -0.20(0.3) -0.51(0.2)* 518.61(14.8) 492.33(12.7) 

*/><.05 
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3.2.8 Correlations 

Given the small sample sizes, the following correlation analyses are exploratory and 

may reflect chance findings. 

3.2.8.1. MMN, P3a, PANSS and TWSC ratings of patients 

Smaller MMN amplitudes to large-deviant stimuli in patients with nicotine were 

associated with having more hallucinations [r=-.53,p<.04]. Larger P3a amplitudes of 

patients with placebo to large-deviant stimuli were associated with higher scores on the 

negative-symptoms subscale of the PANSS [r=.78,/?<.005]. There were no significant 

correlations between nicotine-induced "change" scores for MMN amplitudes (i.e. nicotine 

MMN value minus placebo MMN value) and nicotine-induced "change" ratings for the 

TWSC (i.e. ratings for nicotine minus ratings for placebo). 

3.2.8.2. Reaction time, accuracy results and ERPs 

Smaller MMN amplitudes to large-deviant stimuli of patients with placebo were 

associated with longer reaction times to standard (r=-.62,/K.04), small-deviant (r=-.63, 

p<.04) and large-deviant stimuli (r=-.62,p<.04). Smaller RON amplitudes of controls to 

small deviants were associated with longer reaction times to standard stimuli (r=-.60, p<.04) 

and to small-deviant stimuli (r=-.58,/?<.05). Larger RON amplitudes of controls to small-

deviant stimuli were associated with higher hit rates to standard (r=.84,/K.001), small-

deviant (r=.82,/?<.001) and large-deviant stimuli (r=.68, p<.02). Larger RON amplitudes of 

patients with placebo to small deviants were associated with higher rates hit rates to standard 

stimuli (r=.6\,p<.046). Larger RON amplitudes in patients with placebo to large deviants 

were associated with higher hit rates to standard (r=.75,/K.01), small-deviant (r=.64,p<.03) 

and large-deviant stimuli (r=.69,p<.02). 

3.2.8.3. Correlations between ERPs, patients' medication and behavioural results 

In patients in the placebo condition, larger MMN amplitudes to small deviants were 

associated with larger P3a amplitudes to small deviants (r=.77, p<.006). In patients who 

took placebo, P3a amplitudes to small deviants were negatively correlated with P3a latencies 

to small deviants (r= -.68,/?<.02), and P3a amplitudes to large deviants were positively 

correlated with P3a latencies to large deviants (r=.65,p<.03). Patients' doses of antipsychotic 
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medication (measured in chlorpromazine equivalents; Bezchlibnyk-Butler & Jeffries, 2006) 

were not correlated with their ERPs (MMN, P3a and RON amplitudes and latencies), 

behavioural results (hits, reaction times) or PANSS scores. 

3.3.0 Discussion 

This experiment evaluated the hypothesis that task-irrelevant frequency deviants 

would produce behavioural and electrophysiological evidence of abnormal detection of 

stimulus change and subsequent inappropriate switching of attention, resulting in distraction. 

It was further hypothesized that these behavioural and electrophysiological indicators of 

distraction would be different in schizophrenic patients and controls and that acute nicotine 

administration might alter this processing. The conventional Schroger and Wolff (1998b) 

tone-duration discrimination paradigm was found to be too difficult for the schizophrenic 

sample. Most patients were making errors on as many as 40% of trials, compared with less 

than 5% for healthy participants. For this reason, the Schroger and Wolff paradigm was 

altered. Subjects were asked to detect the ear of delivery of the tones, rather than their 

duration. 

Both patients and controls were able to perform this location-discrimination task but 

controls had a higher rate of correct detection (around 95%) than the patients (around 87%). 

This is consistent with previous findings that schizophrenic patients exhibit deficits in 

identifying sound location. A comparison of the behavioural and ERP results obtained with 

this location-discrimination paradigm and with the usual Schroger and Wolff duration-

discrimination paradigm showed that the location-discrimination paradigm produced much 

weaker effects than the Schroger and Wolff paradigm. Two possible reasons are suggested to 

explain this. One is that the presentation of half of the standard stimuli in each ear, instead of 

all of them in the same ear or in both ears simultaneously, interfered with the formation of a 

strong memory trace for the standard stimulus. Second is that spatial selection is a very 

powerful form of selective attention that may be highly resistant to distraction effects. 

Nevertheless, reaction times in this experiment following the presentation of 

unattended large-deviant frequency changes were significantly prolonged in both patients (12 

ms) and controls (20 ms), indicating that these deviants had caused some performance 

deterioration in both groups. Detection rates were not affected by frequency deviance. MMN 
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amplitudes and latencies of patients and controls did not differ significantly, suggesting that 

the patients' MMN were not attenuated. This is not an unusual finding since the MMN to 

frequency deviants of schizophrenic patients was not always diminished in previous studies. 

The lack of MMN difference could also be due to low statistical power. Patients' MMN to the 

small deviant was smaller than their MMN to the large deviant. Controls did not exhibit a 

larger MMN to the large deviant than to the small deviant, but they had shorter MMN 

latencies to the large deviant than to the small one. The finding of a deviance effect on the 

MMN in patients but not in controls is surprising because the MMN of patients is usually less 

sensitive to stimulus change than the MMN of controls. The main reason for the MMN 

deviance effect in patients is that their MMN amplitude to the small deviant is diminished to 

the point of being non-significant. A possible cause of this attenuation is the diminished 

attentional resources of the patients. This is discussed in greater detail below. 

Patients had diminished P3a amplitudes to large deviants compared with controls, and 

neither patients nor controls had significant RONs. The fact that patients had a significant 

prolongation in reaction time to the large deviant without having a corresponding significant 

P3a to reflect a switch in attention suggests that Naatanen's model of auditory processing 

may not apply to schizophrenic patients. However, Naatanen suggested that the threshold for 

switching attention may vary across individuals and groups. Perhaps this threshold is very 

low for schizophrenic patients, so that very small changes are sufficient to switch their 

attention. 

Nicotine increased the MMN of patients to small deviants. As a result, patients' MMN 

to small deviants were no longer different from their MMN to large deviants. Nicotine may 

have achieved this effect by enhancing the attentional resources allocated to the detection of 

small stimulus changes. Nicotine had no effect on patients' P3a components but it produced 

the only significant RON component in this experiment. The fact that only patients in the 

nicotine condition had a significant RON component (to the large deviant) suggests that 

patients' reduced attentional capacities require them to exert more top-down effort than 

controls to return to the task. Nicotine appears to enable this process. All the effects 

described above were independent of early sensory encoding, as Nl amplitudes and latencies 

to standard stimuli were similar in patients and controls and were not affected by nicotine 
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administration. The nicotine effect appears to reflect an effect of nicotine itself since it was 

not related to smoking withdrawal intensity or to nicotine-induced withdrawal relief. 

3.3.1 Results for healthy subjects in this study vs. results in study by Schroger & Wolff 

Part of the objectives of this experiment was to use a paradigm similar to that of 

Schroger and Wolffs (1998b) because that paradigm had proved successful in obtaining 

evidence of behavioural distraction and deviance-related ERPs with relatively small deviant 

stimuli. Since it was not possible to use the same paradigm because of schizophrenic patients' 

difficulties with the Schroger-Wolff (henceforth referred to as "S-W" in this section) 

duration-discrimination task, an easier location-discrimination task was substituted following 

consultation with Dr. Schroger (personal communication, 2005). In spite of this change in 

paradigm, it was expected that the location-discrimination paradigm would produce similar 

results to those of the S-W paradigm in healthy participants since they used almost identical 

task-irrelevant frequency deviants that were embedded in task-relevant tones (small deviant: 

7% difference between standards and deviants of 700 and 750 Hz; large deviant: 71% 

difference between standards and deviants of 700 and 1200 Hz). On the other hand, there 

were some differences between the deviants in the two paradigms. In this study, standard 

tones always had a frequency of 700 Hz and a presentation probability of .80, and deviant 

tones had a probability of. 10 each. In the S-W paradigm, probability was .90 for standards 

and .10 for each deviant (only one deviant was presented in each trial). Also, only the S-W 

paradigm reversed the role of the standard and deviant frequencies half-way through the 

trials, so that each frequency was the standard and each was the deviant in half of the trials. 

To compare the efficiency of the two paradigms in producing behavioural distraction 

and deviance-related ERPs, their respective results for healthy participants are presented in 

Table 19. These results suggest that the S-W duration-discrimination paradigm was much 

more successful at obtaining both behavioural and ERP effects than this study's location-

discrimination paradigm. The S-W results show significantly reduced hit rates (4% for small 

deviants and 6% for large) following the presentation of both small and large frequency 

deviants; this study found no change at all in hit rates following either deviant. Both studies 

found prolongations in RTs following the presentation of deviants, but the prolongations 

were much longer in the S-W experiment. 
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Table 19. Results for Healthy Participants, this Study and Schroger and Wolffs (1998b) 

Behavioural Results 

Decreases in Hits 
(standard - deviant) 

Schroger-Wolff 
Study 

.small deviant (7%) 

.large deviant (71%) 

Controls in 
this study 

.small deviant (7%) 

.large deviant (71%) 

4%** 
6%** 

0 
0 

RT prolongation 
(deviant - standard) 

50 ms*** 
65 ms*** 

6 ms 
20 ms** 

ERP Amplitudes 

MMN at Fz P3a 
(MV) (MV) 

(at Fz) 
-1 29*** 1 57* 
-1 95*** 3 60*** 

(at Cz) 
-0.62** 0.23 
-0.71** 0.93** 

*p<.05; ** p<M;** p <.01; ***p<.001 

The difference is particularly striking in RT prolongations to small deviants: they are 

eight times greater (50 ms vs. 6 ms) in the S-W study than in this study. In this study, the RT 

prolongation to the small deviant is too small to be significant. Both paradigms elicited 

significant MMN components to the small and the large deviant. However, the MMNs in the 

S-W study were more than twice as large as the ones in this study. Study differences are even 

greater with the P3a components: the P3a to the large deviant of the S-W study is three times 

larger than the P3a to the large deviant in this study. The P3a to the small deviant of the S-W 

study is six times larger than the P3a in this study, where the P3a to the small deviant is too 

small to be significant.. 

Why did the location-discrimination paradigm produce much weaker distraction and 

deviance effects than the S-W paradigm? One possibility is that presenting half of the 

standard stimuli in each ear, instead of all of them in the same ear or in both ears 

simultaneously, may have interfered with the formation of a strong memory trace for the 

standard stimulus. Naatanen and Winkler (1999) established that the brain retains the 

different features (such as frequency and location) of the same stimulus as a functionally 

integrated "whole" stimulus representation and not as a set of independent feature traces. As 
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a result, manipulations of one feature may affect or even eliminate the MMN elicited by 

deviance in another feature (Naatanen & Winkler). It is therefore possible that varying the 

standard stimulus by location (left and right ear) may have diminished or even prevented a 

deviance effect that would otherwise have occurred following the presentation of rare 

frequency deviants. In the usual Schroger and Wolff paradigm, the duration of the standard 

stimuli varies from trial to trial, but all the stimuli are presented in the same physical 

location. 

The muting of the distraction and deviance effects in this experiment may also have 

been a result of the special character of the location stimulus dimension. According to 

Naatanen, Porkka, Merisalo and Ahtola (1980), spatial differences have a privileged status in 

selective attention. Kahneman (1970) wrote that "there seems to be no doubt that the best 

performance in selective attention is achieved when spatial orientation is possible (p. 124)." 

Several studies (Spieth, Curtis, & Webster, 1954; Treisman, 1964) found that the 

discriminability of spatially distinct auditory channels was not improved when a frequency 

difference was added to further separate these channels. Naatanen, Porkka et al.'s (1980) own 

research confirmed that spatial difference (left vs. right ear) leads to much faster 

discrimination than even large differences in frequency in the same ear. If spatial differences 

are so powerful in enhancing discrimination, it is conceivable that spatial discrimination is 

highly resistant to distraction effects. This hypothesis is supported by the complete lack of 

effect of the deviants on accuracy (hits) in this experiment, even though the large deviant 

elicited a significant P3a and caused a significant prolongation in RT. Another indication of 

the special character of spatial differences is that RTs were distinctly shorter in this location-

discrimination study than in Schroger and Wolffs duration-discrimination study (1998b): in 

this study, the RTs of controls were 388 ms to the small deviant and 402 ms to the large 

deviant, compared with 505 ms to the small deviant and 545 ms to the large deviant in the 

Schroger and Wolff experiment. 

The conclusion of this comparison of the results obtained with the S-W duration-

discrimination paradigm and with this study's location-discrimination paradigm is that the 

choice of a location-discrimination substitute task may not have been suitable for comparing 

distraction-related group differences between schizophrenic patients and controls. For 

reasons that could not easily be foreseen, the substitute paradigm produced much weaker 
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effects than had been anticipated. This is unfortunate since weaker effects diminished the 

capacity of this experiment to gain a better understanding of abnormal deviance processing in 

schizophrenic patients and of the effect of nicotine on these abnormalities. 

3.3.2 Behavioural differences between controls and patients in the placebo condition 

The behavioural location-discrimination task produced no significant differences in 

RTs between controls and patients in the placebo condition. However, controls had a higher 

hit rate (about 95%) than the patients (about 87%). Patient impairments on this task were 

consistent with previous findings that individuals with schizophrenia exhibit deficits in 

identifying sound location (Balogh & Leventhal, 1982; Guterman & Klein, 1992). The cause 

of this deficit is believed to be a problem with the encoding of temporal information that is 

similar to the encoding problem in these patients discussed in Experiment 1. The three 

primary cues the auditory system uses to locate sounds are interaural differences in the 

arrival time (interaural differences in timing, or ITD), interaural differences in the ongoing 

phase of the sound wave reaching the two ears (interaural differences in phase, or IPD), and 

interaural difference in the loudness (ILD) at the two ears (Middlebrooks & Green, 1991). 

Matthews, Todd, Budd, Cooper and Michie (2007) examined these factors in schizophrenic 

patients by measuring hit rates, RTs and MMN to targets and deviants defined by their ITD, 

IPD, or ILD. The results revealed a selective impairment in the use of temporal cues to 

sound lateralization in schizophrenia, as opposed to a global deficit in auditory processing. 

Task-irrelevant frequency deviance had no significant effect on the hit rates of either 

controls or patients who took placebo. This is consistent with the theory presented above that 

spatial discrimination is highly resistant to distraction effects. However, irrelevant large 

frequency deviances elicited significantly prolonged RTs in both controls and patients 

compared with their RTs to standard stimuli. These RT prolongations amounted to 20 ms in 

controls compared with 12 ms in the patients. They indicate that the task-irrelevant frequency 

changes produced a switch in attention away from the location-discrimination task and 

toward the deviant frequencies. Processing the deviant frequencies caused distraction which 

is evidenced by a deterioration in performance on the task (longer RTs). 
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3.3.3 MMN differences between controls and patients in the placebo condition 

Although patients who ingested the placebo did not exhibit a significant MMN 

component to the small deviant, ANOVAs found no significant differences between the 

MMN amplitudes or latencies of controls and patients in the placebo condition. This suggests 

that the MMN components of patients were within normal limits and that their pre-attentive 

acoustic change detector was as sensitive to task-embedded frequency deviants as the MMN 

of controls. Although many studies have consistently reported an attenuated MMN in 

schizophrenic patients, Umbricht & Krljes (2005) indicated that their MMN amplitudes to 

frequency deviants are not always smaller than those of controls. This was confirmed in the 

present experiment. The failure to find significant group differences in MMN amplitudes 

could also be due to lack of statistical power (.18 for the comparison of controls and patients 

who took placebo) because of the small number of participants. 

On the other hand, the MMN amplitudes and latencies of controls and patients were 

affected in different ways by the manipulation of the extent of deviance. Patients' MMN 

amplitudes were greater to the large deviant than to the small deviant, but their MMN 

latencies were not affected. In contrast, controls' MMN latencies were faster to the large 

deviant than to the small deviant, while their MMN amplitudes were unaffected by the 

degree of stimulus deviance. These results are unusual because a common finding in MMN 

research in schizophrenia is that patients' MMN amplitudes show a diminished sensitivity to 

the extent of stimulus deviance compared with controls (Umbricht & Krljes, 2005). In 

addition, Javitt et al. (1998) demonstrated that patients' MMN were less sensitive than 

controls' to changes from smaller-deviant to larger-deviant stimuli. In this case, the main 

reason why the MMN amplitudes of patients were larger to the large deviant than to the small 

deviant is that the MMN amplitude of patients to the small deviant was so minuscule (-0.28 

|jV) as to be no greater than the zero baseline. 

A possible cause of the non-significant MMN amplitude of patients to the small 

deviant may have been differences in the attentional capacities of patients and controls. In the 

original Naatanen (1990) model, the MMN was claimed to be unaffected by manipulation of 

attention. In their most recent reformulation, Naatanen et al. (2007) now indicate that while 

the MMN can be elicited independently of attention, it may also be modified by it. It is 

therefore elicited relatively independently of attention. The diminished attentional resources 
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of patients (vs. those of controls) may have reduced their MMN to small deviants, thereby 

creating an abnormal stimulus deviance effect by psychologically increasing the difference in 

amplitude between their MMN to small and large deviants. This would be consistent with 

the findings of Muller-Gass, Stelmack and Campbell (2006). They concluded that MMN 

amplitudes can be affected by attention because attention might enhance the discriminability 

of deviant stimuli. This effect is strongest for the detection of smaller deviants because larger 

deviants do not need attention to be discriminated. It is also possible that attention has a 

larger effect in a Schroger-like task than in the usual auditory oddball task. Schroger tasks 

require that subjects actively attend to the auditory channel in which irrelevant deviant 

features are presented, because irrelevant features are embedded in task-relevant stimuli. 

Javitt et al. (1998) suggested that schizophrenic abnormalities in detecting stimulus 

features likely reflect the failure of the early encoding of stimulus features; the quality of the 

sensory memory trace is thus flawed. Abnormalities in processing feature-specific stimulus 

information are associated with impairments in temporal lobe generators (Shalgi & Deouell, 

2007). These abnormal MMN results for schizophrenic patients confirm previous findings 

that these patients do not process potentially-distracting stimuli in a normal manner (Braff, 

1993; Umbricht & Krljes, 2005). The shortening of the MMN latencies of controls to 

increases in stimulus deviance also supports theories suggesting that normals are more 

efficient than schizophrenic patients in the processing of stimulus changes (Birkett et al., 

2006; Gooding et al., 2005). 

In patients who ingested the placebo (and in those who ingested nicotine), smaller 

MMN amplitudes were correlated with longer reaction times. This confirms the existence of 

a strong (r=-.63) relationship between MMN amplitudes and behaviour which was found in 

previous research (see review in Kujala et al., 2007). 

3.3.4. P3a differences between controls and patients in the placebo condition 

The P3a amplitudes of patients to the large deviant were reduced compared with the 

P3a amplitudes to the large deviant of controls. The P3a amplitudes to the small deviant of 

the two groups were not significantly different. All of the patients' P3a amplitudes were very 

small in this experiment, to the point where none was significantly different from the zero 

baseline. It is not surprising to find a very small P3a to the small deviant in patients since 
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their MMN to the small deviant was also too small to be statistically significant. As reviewed 

in Naatanen et al. (2007), only deviant stimuli that are large enough to surpass a certain 

threshold of magnitude elicit an attention-switching P3a. The presence of a P3a signals the 

activation of the neural processes that orient attention away from the task at hand and toward 

a new and distracting stimulus. 

This finding of diminished P3a amplitude in schizophrenic patients replicates the 

results of many previous studies described at the beginning of this report. These reductions in 

the P3a were associated with dysfunction of the anterior cingulate (Mathalon et al., 2000; 

Turetsky et al.,1998) and with prefrontal and medial temporal lobe lesions (Knight et al., 

1998) in these patients. On the basis of their fMRI study of the P3a in schizophrenic patients, 

Laurens et al. (2005) suggested that several areas of their brains were less engaged by deviant 

novel stimuli than in controls, with the result that they were less able to effectively assess 

their potential significance for ongoing behaviour. Valkonen-Korhonen et al. (2003), who 

found normal Nl and MMN components and diminished P3a and P3b components in 

schizophrenic patients, suggested that many neural deficits are involved, including a deficit 

in sensory memory trace formation, alterations in deviance detection processes and deficits in 

attentional processes. Unlike a healthy brain, in which deviance detection processes instantly 

update its model of the sensory input as the changes occur (Sussman & Winkler, 2001; 

Sussman et al., 2002), the brains of schizophrenic patients appear to have imbalanced 

processes of temporospatial deviance detection. According to Valkonen-Korhonen et al., 

such imbalanced processes are consistent with the well-documented abnormalities in 

temporo-frontal functions of schizophrenic patients. 

The most unusual aspect of the results of Experiment 2 that were described so far is 

that schizophrenic patients had a significant MMN component to the large deviant and a 

significant prolongation in reaction time to the task without having a significant P3a. These 

results suggest that the generally-accepted model of auditory processing based on Naatanen's 

model of central auditory processing may not apply to schizophrenic patients. Under 

NaStanen's model, the attention-orienting process starts with an MMN-indexed detection of 

change in the environment. If the change is of sufficient magnitude, a subsequent significant 

P3a signals a switch in the orienting of attention away from the location task and toward the 

processing of the irrelevant deviant stimulus. This switch of attention produces a 
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deterioration in performance on the original task. In this experiment, however, schizophrenic 

patients produced a significant MMN to the large deviant and evidence of deterioration in 

performance (RT prolongation) following presentation of that deviant without having a 

significant P3a. On the other hand, it may be possible to reconcile these results to Naatanen's 

(1990,1992) model because this model specifies that the threshold for the switching of 

attention may vary across individuals and groups. Perhaps even very small change-related 

MMN are sufficient to trigger an attention switch and consequent behavioural distraction in 

schizophrenic patients without an enhanced P3 component. 

The MMN amplitudes to the small deviant of patients who took placebo were 

strongly (.77) positively correlated with their P3a amplitudes to the small deviant, but there 

were no significant correlations between their MMN and P3a amplitudes to the large deviant, 

nor between the MMN and P3a amplitudes of controls. Also in patients who took placebo, 

larger P3a amplitudes to the small deviant were associated with shorter P3a latencies to the 

small deviant, while larger P3a amplitudes to the large deviant were associated with longer 

P3a latencies to the large deviant. 

3.3.5 RON differences between controls and patients in the placebo condition 

There were no differences in RON components between patients and control 

participants. The only significant RON components in this experiment (only to the large 

deviant) were in patients who took nicotine. This is discussed further in the next section 

dealing with the effects of nicotine. Even though the RON components of controls and 

patients who ingested placebo were not significantly greater than zero, there were many 

significant correlations between the RON and behavioural results. In patients who took 

placebo, larger RON amplitudes were associated with higher hit rates. In controls, larger 

RON components were associated with shorter reaction times and higher hit rates. These 

associations confirm the link between the RON and refocusing of attention toward the task at 

hand (Schroger, Giard et al., 2000). 

3.3.6 Nicotine effects 

The main nicotine effect in this experiment was on the MMN amplitude. 

Specifically, nicotine altered differences between MMN amplitude to small deviance versus 

MMN amplitude to large deviance. The MMN amplitude of patients who ingested placebo, 
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unlike the MMN amplitude of controls, was larger to the large-deviant stimulus than to the 

small-deviant stimulus. This deviance-related effect was not observed when comparing 

controls and patients who ingested nicotine. Nicotine achieved this change by increasing the 

MMN amplitudes of patients to the small deviant to a greater degree than it increased their 

MMN amplitudes to the large deviant. As a result, nicotine effects on the MMN in patients 

were manifested in two related ways: their MMN component to the small deviant became 

significantly larger than zero; and their MMN amplitudes to the small and the large deviant 

were no longer significantly different from each other. 

Kassell (1997) suggested that nicotine may improve cognition in two ways: by 

increasing the attentional resources allocated to the task-relevant stimuli (Kahneman, 1973) 

and by narrowing the brain's internal stimulus filter that inhibits the processing of irrelevant 

stimuli (see Broadbent, 1958). In this experiment, nicotine's effect was probably not achieved 

by increasing attentional resources to task-relevant stimuli: it did not improve patients' 

accuracy on the location-discrimination task, nor did it prevent the deterioration in 

performance induced by distractors. However, nicotine might have enhanced the detection of 

small stimulus change by increasing the attentional resources allocated to all stimuli, 

including the small deviant. Again, Muller-Gass et al (2006) indicate that attention might 

benefit the detection of small stimulus change but will have little effect on the detection of 

large stimulus change. 

The mechanism through which nicotine might have normalized the MMN processes 

of schizophrenic patients remains speculative, in part because the causes of the MMN deficits 

of these patients are not well understood. As mentioned earlier, Javitt et al. (1998) suggested 

that MMN abnormalities in detecting stimulus failures may reflect inaccurate encoding of 

stimulus features. Baldeweg et al. (2006) demonstrated that nicotine can improve stimulus 

encoding and memory trace formation. They suggested that this improvement is achieved 

though nicotine's effect on acetylcholine, which plays a role in the early stages of stimulus 

encoding (Miranda & Bermudez-Rattoni, 1999). 

Postmortem studies have revealed that the schizophrenic brain is characterized by 

increased cell density, reductions in the dendritic spines in the frontal cortex, and smaller 

somal size in the temporal cortex. One of the main mechanisms suggested for the reduction 

in dendrites has been glutamatergic excitotoxicity (Coyle, 1996; McCarley et al., 1996; 
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Olney et al.,1995). The MMN appears to be a sensitive index of this process by reflecting 

current inflow in NMD A receptors and by being reduced in healthy individuals after 

administration of NMDA antagonists (Umbricht et al , 2000). 

Nicotine activates nicotinergic a 7 brain receptors, which affect NMDA by 

modulating the release of dopamine, glutamate, GABA, serotonin and acetylcholine (Berman 

et al., 2007). Nicotine may therefore have normalized patients' MMN to frequency deviants 

by glutamatergic release following activation of a 7 receptors co-localized on NMDA 

terminals. Alternately, nicotine's effect on the MMN may have been mediated though the 

muscarinic acetylcholine system, since antagonists of this system attenuated frequency MMN 

in healthy controls (Pekkonen et al., 2001). Nicotine could achieve this indirectly, by 

causing the release of acetylcholine that would activate muscarinic acetylcholine receptors. 

Nicotine appears to have had no effect in altering patients' diminished P3a 

amplitudes. This contradicts the findings of Polich et al. (2006), who found that nicotine had 

increased P3a amplitudes in healthy subjects. However, their paradigm was very different 

from the one employed in the present study. Nicotine treatment produced the only significant 

appearance of the RON component (to large deviants) in this experiment. The RON 

amplitude effect to large deviants is particularly interesting because nicotine has been shown 

to improve selective attention (Jacobsen et al., 2004) and RON is associated with frontally-

generated refocusing of attention back to the task at hand following distraction (Schroger, 

Giard et al., 2000. Enhanced RON amplitudes and latencies in patients might mean that 

because of their reduced attentional capacities, patients require more top-down "effort" than 

controls to return to the task. Nicotine may enable this. 

While the RON amplitudes of patients in the placebo condition were correlated with 

their accuracy results, the larger RON amplitudes of patients in the nicotine condition were 

associated with faster reaction times but were not associated with hit rates. This is consistent 

with previous findings that nicotine is particularly good at improving response speed 

(reviewed in Heishman et al., 1994). 

3.3.7 Correlations with medication, clinical ratings and withdrawal symptoms 

There were no correlations between patients' medication status and any of the results 

in this experiment. There were also no associations between patients' results and their TWSC 
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ratings, or between their nicotine-induced "change" scores for MMN amplitudes and their 

nicotine-induced "change" ratings for the TWSC. This lack of association suggests that the 

patients' tobacco withdrawal symptoms did not affect their ERP and behavioural results. 

Light and Braff (2005) found a strong correlation between the Global Assessment of 

Functioning (GAF) ratings of schizophrenic patients and their MMN amplitudes. This 

correlation was replicated 1-2 years later, indicating a stable association. This experiment 

replicated previous studies reviewed by Umbricht and Krljes (2005) which found 

associations between smaller MMN amplitudes and having more hallucinations. Smaller 

MMN amplitudes were also associated with longer reaction times. In addition, larger P3a 

amplitudes were associated with higher scores on the negative symptoms subscale of the 

PANSS. 

3.4 Limitations and conclusion of Experiment 2 

The limitations of this experiment were similar to the ones described for Experiment 

1. Sample size was even smaller in this case (one fewer patient) because of task demands. 

This experiment was the first to use a Schroger-style paradigm (with task-irrelevant deviant 

features embedded in task-relevant stimuli) to examine whether nicotine could normalize the 

diminished pre-attentive and attention-dependent neural processing of distracting events in 

schizophrenic patients. It found that nicotine appeared to normalize patients' detection of 

small stimulus deviance, as indexed by the MMN, and may have improved their re-orienting 

to the task following distraction, reflected in the RON. On the other hand, nicotine did not 

affect attentional switching to distractors or behavioural distraction. 

The modified study paradigm adapted from Schroger and colleagues proved useful in 

elucidating some of the early-stage neural mechanisms which may be impacted by nicotine, 

especially concerning MMN deficits to small distractor deviants. However, the link between 

this effect and the enhanced distractibility of schizophrenic patients remains unclear.The 

absence of robust ERP indicators of attentional switching with this task also made it difficult 

to examine how nicotine or smoking may influence this crucial stage of distractor processing. 

Experiment 3 which follows used an auditory-visual paradigm that was more successful at 

allowing an examination of the effects of nicotine over the full range of distraction-related 

ERP components. 
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EXPERIMENT 3 
Auditory-Visual Distraction Paradigm 

4.0 Introduction 

4.0.1 The auditory-visual distraction paradigm 

The auditory-visual distraction paradigm used in Experiment 3 is similar to the 

paradigm developed by Escera, Alho, Winkler and Naatanen (1998), whose work is 

associated with that of Schroger and colleagues (see for example, Escera, Alho, Schroger, & 

Winkler, 2000). This test paradigm resembles the classic Schroger-Wolff (1998a) auditory-

auditory paradigm in that it combines behavioural and ERP measures of distraction and uses 

small as well as large task-irrelevant auditory distractor stimuli. Unlike the classic Schroger-

Wolff paradigm, however, the task-relevant and task-irrelevant stimuli are in different 

modalities: a visual discrimination task is paired with task-irrelevant auditory distractor 

stimuli. A paradigm employing different physical modalities for the targets (to be detected) 

and the distractors (to be ignored) results in wider "channel separation." As a result, the 

extent of distraction is much reduced. In other words, it is easier to ignore the irrelevant 

auditory deviant when it is presented in a different modality (Schroger and Wolff, 1998a). 

This is demonstrated by the results of studies that used these different types of 

paradigms. In the Schroger and Wolff (1998b) auditory-auditory paradigm, the small-deviant 

stimuli (standards and deviants with frequencies of 700 and 750 Hz, for a deviance of 7%) 

distracted attentional resources away from the target detection task with the following results: 

a significant reduction in hit rate of 4% to target stimuli of small-deviant frequency relative 

to targets of standard frequency, and prolongations of about 50 ms in RT to target stimuli of 

small-deviant frequency relative to targets of standard frequency. By comparison, Escera, 

Alho, Winkler, and Naatanen (1998), whose visual target stimulus was preceded by an 

auditory stimulus (standards and deviants of 600 and 700 Hz, for a deviance of 17%), 

observed a significant hit rate decrease of 2.3%, and their deviant tones did not significantly 

affect the RT. San Miguel, Corral and Escera (2008, p. 3) nevertheless point out that there are 

advantages to employing inter-modality tasks: 

This paradigm is particularly well suited to test the independence of the involuntary 
attentional mechanisms from endogenous factors because distraction here is thought 
to be purely exogenous and involuntary as the sounds are completely irrelevant to the 
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task, and they are presented on a different sensory modality that is explicitly asked to 
be ignored. 

One reason why this auditory-visual paradigm was chosen for Experiment 3 is that 

most of the behavioural studies that found uncontradicted enhancing effects of 

nicotine/smoking on attention and working memory in schizophrenic patients used paradigms 

with visual tasks (Barr et al., 2008; Depatie et al., 2002; Levin, Wilson et al.,1996; Smith et 

al., 2002). In addition, a review of the effects of nicotine on ERPs by Pritchard et al. (2004) 

found more evidence of nicotine effects in the visual modality than in the auditory modality. 

As a result, it was felt that nicotine might have a stronger effect within a paradigm using a 

visual task than within a similar paradigm using an auditory task. 

In Experiment 3, each participant was presented with a task-irrelevant auditory 

stimulus followed by a task-related visual target that required a (mouse-clicking) response. 

On most trials, the irrelevant auditory stimulus was of the same frequently-occurring 

frequency. At rare and unpredictable times, the frequency of the auditory stimulus was 

changed. This auditory "deviance" was irrelevant to the visual detection task. However, if the 

magnitude of the deviance surpassed a certain threshold, the subject's attention could be 

switched away from the visual task and toward the auditory deviant. This sometimes resulted 

in distraction, evidenced by a deterioration in the performance of the visual task. 

Experiment 3 had the same two specific objectives as Experiment 2. The first was to 

compare schizophrenic and control smokers with respect to the pre-attentive detection of 

task-irrelevant, potentially distracting auditory frequency-deviant stimuli and the possible 

consequent involuntary switching of attention. The second objective of Experiment 3 was to 

examine the effects of nicotine on the behavioural performance and the MMN, P3a and RON 

components of schizophrenic smokers. The extent of deviance was also manipulated by 

presenting small and large frequency deviants. Distractor processing was examined by both 

performance (behavioural) and electrophysiological measures. Performance was assessed by 

two measures: RT and correct responses. Distraction was inferred to have occurred if RTs 

were prolonged or correct responses were decreased following presentation of the deviant 

relative to the standard. Distraction was also measured electrophysiologically by examining 

the pre-attentive detection of the distractors, as evidenced by the MMN, and the involuntary 

switching and re-orienting of attention, as measured by the P3a and RON, respectively. 
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The Nl ERP to standard stimuli was also evaluated to determine whether any group 

differences or nicotine effects were related to early encoding of sensory features. 

Given previous research findings in healthy controls with this paradigm, it was 

predicted that rare deviant sounds would impair behavioural performance in controls, as 

evidenced by slower reaction times and reduced rates of correct detections, with greater 

impairment to larger (vs. smaller) deviants. Based on previous reports of greater behavioural 

distractibility in schizophrenic patients, greater performance impairments were predicted in 

patients than in controls. It was also predicted that rare deviant sounds would elicit MMN, 

P3a and RON components in controls, and that these components would be attenuated in 

patients (vs. controls). Finally, on the basis of the apparent discrepancies between previous 

nicotine-performance and nicotine-ERP studies, it was predicted that nicotine (vs. placebo) 

would improve the behavioural performance of patients (i.e. shorter RT prolongations and 

smaller decreases in hit rates induced by distractors), but that nicotine would increase the 

pre-attentive detection of distractors as indexed by greater MMN amplitudes, and may 

decrease involuntary distraction and re-orienting as shown by smaller P3a and consequent 

smaller RON component amplitudes. As an additional objective, the experiment examined 

the relationships between patients' clinical symptoms, including smoking withdrawal 

symptoms, and ERP and behavioural indices, and between patients' medication and ERP and 

behavioural indices. 

4.1 Method 

4.1.1. Participants 

Twelve male controls and 12 male outpatients from the Experiment 1 participant pool 

took part in Experiment 3. The inclusion/exclusion criteria, symptoms ratings by treating 

psychiatrists and the auditory screening were the same as in Experiment 1. To ensure that 

controls and patients were matched on intelligence and smoking-related factors, they 

completed the North American Reading Test (NART; Blair & Spreen, 1989; see Appendix 

A), which is an approximate measure of intelligence, the 8-item 15-point Modified 

Fagerstrom Test for Nicotine Dependence (FTND: Heatherton, Kozlowski, Frecker, & 

Fagerstrom, 1991; see Appendix B), and the Modified Reasons for Smoking Scale (MRSS; 
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Berlin et al., 2003; see Appendix C). All subjects received an honorarium for their 

participation. 

4.1.2. General procedure 

Testing took place between 12:00 and 17:00 at the Clinical Neuroelectrophysiology 

and Cognitive Research Laboratory of the Royal Ottawa Mental Health Centre. All 

participants were instructed to abstain overnight from alcohol, caffeine and any drug other 

than the patients' medication, and were requested to refrain from smoking for three hours 

before the tests. Control participants were required to attend one test session lasting 

approximately 2.5 hours while patients were required to perform the same tests twice, in two 

separate sessions lasting approximately 3-3.5 hours each. Patients' sessions were longer 

because they involved a nicotine-or-placebo administration procedure. Upon their first arrival 

at the lab, adequacy of all participants' hearing was tested at 750 Hz, 1000 Hz and 1500 Hz, 

using a descending method-of-limits procedure, before EEG recording commenced. All 

thresholds were at or below 20 dB (SPL). Participants were then questioned about their 

abstinence from smoking, alcohol and drugs. Carbon monoxide (CO) levels were also 

assessed by means of an instrument measuring their expired-breath CO level (Vitalograph 

Breath CO instrument, Vitalograph Inc., Lenexa, Kansas). Participants were then taken into a 

sound-attenuated, electrically-shielded recording chamber and sat in a comfortable chair 

while electrodes were applied. During this application, patients were administered nicotine 

or a placebo (see nicotine procedure below). The drug conditions were not administered to 

the controls. Following electrode placement and nicotine or placebo absorption (in patients), 

electrophysiological data were acquired over a 30-40 minute interval which allowed for 

several 2-3 minute breaks. Frequent rest periods were required to maintain patient co­

operation. At the end of the recordings, participants completed the Tobacco Withdrawal 

Symptom Checklist (TWSC; Hughes & Hatsukami, 1986; see Appendix D and description 

below). 

4.1.3. Nicotine and placebo administration 

Nicotine was administered within a randomized, double-blind, placebo-controlled, 

cross-over design with half of the patients receiving nicotine in the first session and placebo 

in the second session, and the remaining half receiving nicotine and placebo in the reverse 
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order. Nicotine was administered orally as two 4-mg pieces of Nicorette Plus polacrilex gum 

(Hoechst Roussel). The placebo gum (containing no nicotine) was a commercial gum similar 

in size, shape and texture. To reduce any perceptual and sensory differences between the 

two, patients wore a blindfold while putting the gum pieces in their mouths. Also, a drop of 

mint oil was placed on each gum and participants wore nose plugs throughout the chewing 

period. During that period, which lasted 25 minutes as specified by the Nicorette Plus 

guidelines, patients heard a taped voice every minute asking them to chew ("bite twice"). 

After each bite, they "parked" the gum between their teeth and gums. After the chewing 

period, the gum was discarded and patients were given a strong commercial mint gum to 

chew for five minutes to help disguise any placebo-nicotine difference. 

Cigarette smoking yields a rapid delivery of nicotine to the bloodstream, resulting in 

sharp peaks in blood nicotine concentration. The peak of plasma nicotine concentration 

achieved within ten minutes of smoking an average-nicotine-yield cigarette is approximately 

35 nanograms per milliliter, followed by a trough at 15 nanograms per milliliter within 30 

minutes (Russell, 1988). After chewing one piece of 4-mg nicotine gum for 30 minutes, 

blood concentration reaches a peak of about 18 nanograms per milliliter of nicotine (Russell, 

Raw & Jarvis, 1980). Chewing two pieces of 4-mg nicotine gum results in peak blood levels 

of about 36 nanograms per milliliter within 30 minutes after the initiation of chewing, which 

approximates the effect achieved ten minutes after smoking a cigarette. The elimination half-

life of nicotine is approximately 120 minutes (Benowitz, Jacob, Jones, & Rosenberg, 1982; 

Feyerabend, Ings, & Russel, 1985). 

4.1.4. Stimulus paradigm 

Participants sat on a comfortable chair approximately 50 cm from a computer 

monitor. The task involved the discrimination of one of two categories of visual stimuli 

presented every 1300 ms (onset-to-onset). The visual stimuli were presented at the centre of a 

computer monitor. Half of the visual stimuli were single letters (uppercase A, E, J, P, R, S, 

U, or Y) and half were single digits (2 to 9). The stimuli were black on a white background. 

The duration of the visual stimulus was 200 ms. Subjects were instructed to respond as 

quickly and as accurately as possible with a right mouse button press for a letter and a left 

mouse button press for a digit, using the index and middle fingers of their right hand. Each 
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visual stimulus was preceded by an irrelevant auditory stimulus which the participants were 

instructed to ignore. The time between the onset of the auditory and visual stimuli was 300 

ms. For each of the two visual stimulus categories, the preceding auditory stimulus was either 

a standard tone (1200 Hz, p = .80), a small-deviant tone (1025 Hz, p = .10 or a large-deviant 

tone (700 Hz, p = .10). All auditory stimuli were presented at an intensity of 80 dB SPL, 

having a duration of 150 ms and a rise-and-fall time of 5 ms. The auditory stimuli were 

presented binaurally through headphones. The auditory and visual pairs were presented in 

random order, with the exception that two deviant stimuli could not be presented on 

consecutive trials. An equal number of auditory standards and deviants preceded both the 

visual letters and digits. A practice block was presented prior to the start of testing. It 

included 100 auditory-visual pairs: 40 standard tones followed by a letter and 40 standard 

tones followed by a digit; 5 small-deviant tones followed by a letter and 5 small-deviant 

tones followed by a digit; and 5 large-deviant tones followed by a letter and 5 large-deviant 

tones followed by a digit. The practice session was repeated until a participant obtained 60% 

correct responses. If a participant was unable to reach that level of proficiency after three 

practice runs, the test was terminated. Practice was followed by five testing blocks. Each 

testing block included 200 auditory-visual pairs. 

4.1.5. EEG recording and measures 

The EEG was recorded with tin electrodes placed on midline frontal (Fz), central (Cz) 

and parietal (Pz) scalp positions according to the international 10-20 system (Jasper, 1958; 

Cooper, Osselton, & Shaw, 1969). Scalp electrical activity was recorded in a monopolar 

manner, the reference being to linked earlobes. Two additional electrodes, one on the left 

supra- orbital ridge and one on the external canthus of the left eye, recorded electro-

oculographic (EOG) activity in one channel, with a mid-forehead electrode serving as 

ground. Electrode impedances were kept below 5 kOhms. The EEG and EOG signals were 

recorded continuously with an analog-to-digital sampling rate of 256 Hz, using amplifier 

bandpass filters set at 0.1-30.0 Hz. Digital data were stored on hard disk for off-line ERP 

processing and analysis. Off-line, the continuous EEG signals were reconstructed into 950 

ms epochs (or "trials"), beginning 50 ms prior to stimulus onset. Eye movements and blink 

artifact were removed from the EEG signals using an algorithm operating in the time and 
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frequency domains (Woestenburg, Verhaten & Slangen, 1983). Ocular-corrected trials with 

amplitudes exceeding +/-100 \iV were excluded from further analyses. For each participant 

and drug condition, trials were averaged separately for correctly-detected standard, small-

deviant and wide-deviant stimuli and sorted according to scalp recording site. A minimum of 

65 artifact-free correctly-detected deviant stimulus trials was required to retain a participant's 

ERP averages in the final analysis. 

Amplitudes and latencies of the ERP components were based on latency windows 

taken from grand-average waveforms. All ERP components were measured relative to the 

average of all data points in the pre-stimulus baseline. Nl latency to standard stimuli was 

defined at Fz (where it was largest) as the latency corresponding to the peak negativity 

occurring within the 50-150 ms latency range. Nl amplitude was defined as the average of 

the amplitude points (relative to the average pre-stimulus voltage) within a 50 ms window 

around each individual's the peak negativity, i.e. 25 ms pre-peak and 25 ms post-peak. The 

MMN was measured in the difference wave, calculated by subtracting point-by-point the 

ERP to the standard from that of the deviant. The difference wave removes processing that is 

common to both the standard and the deviant, leaving only the difference in processing (for 

example, the MMN). MMN latency was defined at Fz as the latency corresponding to the 

peak negativity occurring during the 80-220 ms latency range, and MMN amplitudes were 

defined as averages of the amplitude points within a 50 ms window around each individual's 

peak negativity. P3a and RON amplitudes and latencies were derived from difference 

waveforms in the same manner as MMN amplitudes and latencies, but for the P3a, latency 

was defined as the latency corresponding to the peak positivity occurring within the 225-350 

ms latency range at Cz, and for the RON, latency was defined as the latency corresponding to 

the peak negativity occurring within the 450-600 latency range at Fz. 

4.1.6. Behavioural measures 

Trials with a correct button press occurring 100 to 900 ms after the onset of the visual 

stimulus were considered to be hits. Reaction times (ms) and correct detection rates (%) were 

determined separately for the visual stimuli following the presentation of standard tones, 

small-deviant tones and large-deviant tones for control participants and for patients in the 
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placebo and nicotine conditions. Missed responses were not analyzed as they were minimal 

in number and were not different between groups or between stimuli or drug conditions. 

4.1.7. Smoking withdrawal ratings 

Smoking withdrawal symptoms were assessed at the end of each session with the 

TWSC to determine whether alterations in behaviour and in ERPs by nicotine were related to 

withdrawal relief. The items of the self-report TWSC questionnaire, which are derived from 

the DSM-IV list of withdrawal symptoms (American Psychiatric Association, 1994), are 

irritability, frustration or anger, difficulty concentrating, restlessness, anxiety or nervousness, 

hunger, depressed mood, and desire to smoke. For each item, participants were asked to 

choose on a four-point scale (0=not present, l=mild, 2=moderate, 3=severe) the answer that 

best described how they felt. Scores for each symptom rating were summed to form a single 

TWSC index. 

4.1.8. Analysis 

Statistical analyses were performed using SPSS (Statistical Package for Social 

Sciences, 15th Edition). Analyses of variance (ANOVAs) were run on behavioural measures 

(reaction times, correct detection rates) and on ERP amplitudes and latencies (Nl, MMN, 

P3a and RON). Separate mixed-design ANOVAs compared the behavioural measures and 

ERPs of controls with those of patients in the placebo condition, and the behavioural 

measures and ERPs of controls with those of patients in the nicotine condition, using one 

between-subjects factor with two levels (group: controls vs. patients) and one within-subjects 

factor with three levels for the behavioural measures (stimulus: standard vs. small-deviant vs. 

large-deviant) and with two levels for the MMN, P3a and RON (stimulus: small-deviant vs. 

large-deviant). Repeated-measures ANOVAs compared the behavioural measures and ERPs 

of patients in the placebo condition with those of patients in the nicotine condition, using two 

within-subjects factors (condition: placebo vs. nicotine; stimulus: small-deviant vs. large-

deviant). Greenhouse-Geisser corrections were applied when appropriate to compensate for 

sphericity (equal covariance) violations. Since all the effects were the subject of specific a 

priori hypotheses based on previous research findings, a .05 level of significance was used in 

all analyses. 
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Confidence intervals of the means were examined to determine whether MMN, P3a 

and RON mean amplitudes were significantly different from the zero baseline. T-tests were 

used to determine whether control and patient participants differed on personal 

characteristics including age, education, BMI, number of cigarettes smoked per day, breath 

CO level, scores on the NART, FTND, and MRSS; whether the TWSC scores of patients 

with placebo differed from those of controls and patients with nicotine; and to compare the 

numbers of EEG trials analysed for each group, condition and paradigm. Pearson Product 

Moment Correlation or non-parametric equivalents were used to assess the relationships 

between behavioural and ERP measures and PANSS scores, TWSC ratings and patients' 

medication. 

4.2 Results 

4.2.1. Participant Characteristics 

Demographic and clinical characteristics of the participants are shown in Table 20, as 

well as results of independent-samples t-tests comparing patients and controls. No significant 

differences were found between control and patient participants for any personal 

characteristic, including age, schooling, body-mass index, number of cigarettes per day, CO 

levels, intelligence (excluding four patients whose English was poor), degree of nicotine 

dependence or reasons for smoking. Scores on the FTND (12 for patients and 11 for 

controls) indicated that both groups were heavily dependent on nicotine (7 points or more = 

heavy dependence). Controls and patients did not differ with respect to tobacco withdrawal 

symptoms, nor was there any difference in withdrawal symptoms between patients in the 

placebo (M=8.08; SE=1.4) and the nicotine conditions (M=10.08; SE=1.5) [t(\1) =1.17, 

p< 21}. 

PANSS scores for the patients averaged 53 (14 + 14 + 25) and ranged from 34 to 77. 

According to a recent study (Leucht et al., 2005) that translated PANSS scores into ratings on 

the Clinical Global Impressions Scale (CGI; Guy, 1976), which is used by psychiatrists to 

obtain a global picture of patients' overall clinical state, the CGI ratings of this experiment's 

patient participants were roughly as follows: none at score 1 = normal, not at all ill; 2 at score 

2 = borderline mentally ill; 5 at score 3 = mildly ill; 4 at score 4 = moderately ill; 1 at score 5 

= markedly ill; none at score 6 = severely ill; and none at score 7 = extremely ill. 
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Table 20. Means (SE) of Characteristics of Patients and Control Participants 

Controls 
(n=12) 

42 (2.5) 
13 (0.2) 
24 (0.9) 
23 (1.3) 
18(1.9) 

112(2.2) 
8 (0.9) 

11(0.7) 
5 (0.6) 
8 (0.5) 
7 (0.8) 
3 (0.4) 
5 (0.5) 
4 (0.7) 
6 (0.8) 

Variable 

Age 
Years of schooling 
BMI 
Cigarettes per day 
CO level 
NART* 
TWSC** 
FTND 
MRSS-addiction 
MRSS-pleasure 
MRSS-relaxation 
MRSS-social 
MRSS-stimulation 
MRSS-habit 
MRSS-sensorimotor 
PANSS (positive) 
PANSS (negative) 
PANSS (general pathology) 
Chlorpromazine 

equivalents (mg) 

Patients 
(n=12) 

41(2.5) 
12 (0.4) 
25(1.5) 
27 (2.8) 
17(1.3) 

107(1.7) 
8(1.4) 

12 (0.7) 
6 (0.6) 
9 (0.7) 
7 (0.9) 
4 (0.5) 
5 (0.9) 
3 (0.7) 
4 (0.8) 
14(1.6) 
14(1.2) 
25(2.0) 

107(43.8) 

-0.31 
-0.78 

0.49 
1.30 

-0.27 
-1.77 

0.15 
1.14 
0.09 
1.65 
0.13 
1.22 
0.00 
-0.71 
-1.56 

.76 

.44 

.84 

.21 

.79 

.09 

.88 

.27 

.92 

.11 

.90 

.23 
1.00 
.49 
.13 

* Three patients were excluded from this analysis because of poor knowledge of English. 
** The TWSC score for patients is an average of the scores for their two sessions. 

4.2.2. Behavioural performance 

Means and standard errors for performance indices are shown in Table 21. There 

were no significant differences in overall RT between controls, patients with placebo and 

patients with nicotine. There was a significant main effect of type of stimulus in the analysis 

of controls and patients with placebo [ir(l,22)=5.67,/?<.008, n2=A9]. Planned follow-up 

comparisons indicated that RTs were slower to large-deviant stimuli than to standard stimuli 

for both controls (prolonged by 17 ms,p<.02) and patients with placebo (prolonged by 14 

ms,/K.04), but not for patients with nicotine (p<.66). Reaction times also tended to be longer 

for controls (13 ms) following presentation of the small deviant compared to the standard, 

but the difference failed to attain significance (p<.07). 
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Table 21. Mean Reaction Times and Hit Rates to Visual Stimuli Preceded by 
Auditory Standards and Small and Large Deviants 

RT (SE) 
ms 

Hits (SE) 
% 

Controls (n= 12) 
standard stimulus 
small-deviant stimulus 
large-deviant stimulus 

Patients with Placebo (n=12) 
standard stimulus 
small-deviant stimulus 
large-deviant stimulus 

Patients with Nicotine (n=12) 
standard stimulus 
small-deviant stimulus 
large-deviant stimulus 

510(12.7) 
523(12.8) 
527(12.6) 

515(19.0) 
518(19.9) 
529(19.8) 

516(18.3) 
522(18.3) 
519(18.9) 

91(1.2) 
93(1.3) 
92(1.3) 

78(4.5) 
78(4.9) 
80(3.8) 

79(3.8) 
81(3.7) 
80(3.3) 

Controls had significantly higher correct detection rates than patients in both 

conditions [controls vs. placebo: F(l,22)=8.57,p<M, n2=.23; controls vs. nicotine: 

F(l,22)=10.51,/?<.004,«z=32]. There were no significant main effects of type of stimulus 

in the analyses of controls and patients with placebo [F( 1,22)= 1.23, p<30, power=.24] and 

of controls and patients with nicotine [F(l,22)=1.79,/?<.19, power=.32]. Planned 

comparisons confirmed that accuracy of visual detection had not been affected by the type of 

auditory stimulus that preceded it. 

4.2.3. EEG Results - General 

Table 22 displays the number of EEG trials to standard and deviant stimuli included 

in the analyses for each group and condition. Control participants had significantly more 

trials than patients with nicotine for all three stimuli [standard: ^(12) = -3.70, p< .00; small 

deviant: /(12) = 3.29, p< .00; large deviant: t(\2) = 4.41, p< .00]. There were no differences 

in trials between controls and patients with placebo or between patients in the two conditions. 
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Table 22. Means (SE) Trials per Average ERP to Standard and Deviant Stimuli 

Standard Small-deviant Large-deviant 
stimulus stimulus stimulus 

Controls 740(12.5) 93(1.6) 93(1.7) 

Patients 
placebo 716(60.2) 88(8.1) 89(7.4) 

nicotine 620(29.8) 78(4.1) 77(3.2) 

Grand-averaged ERPs. Grand-averaged "raw" ERPs following presentation of the 

auditory standard and deviant stimuli are presented in Figure 9. Note that in this figure, the 

ERPs to both the auditory stimuli and the visual stimuli (presented 300 ms after the onset of 

the auditory stimuli) are illustrated. A negative deflection peaking at about 150 ms (i.e. at 

about 450 ms following the onset of the auditory stimulus) and a positive deflection peaking 

at about 200-250 ms are apparent following the onset of the visual stimulus. A parietal 

maximum late positivity peaking at about 450-500 ms after onset of the visual stimulus is 

also apparent. This is probably the P3b (or P300), associated with the overt detection of the 

visual target. However, processing associated with the visual stimuli should be different 

depending on whether they are preceded by an auditory standard or a deviant. The 

subtraction of the ERPs following presentation of the standard from the ERPs following the 

deviant stimulus removes this common processing. This is apparent in the difference waves, 

presented in Figure 10. 

Raw ERPs are usually larger than those observed in the difference wave. Thus the 

vertical amplitude scale is 2.8 |JV for the raw ERPs (Fig. 1) while for the difference waves 

(Fig. 2), the same scale reflects a deflection of only 1.05 pV. Thus the ERPs illustrated in 

the raw ERPs are more than 2.5 times the amplitude of those in the difference waves. The 

two scales shown in Figures 9 and 10 also indicate when each of the two paired stimuli began 

and ended for each stimulus cycle. The first stimulus, which was a standard or a deviant 

tone, started at 0 ms (at the vertical bar on the left) and lasted 150 ms. The visual target, 

which was a number or a letter, appeared 150 ms after the end of the tone and lasted 200 ms. 
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4.2.4 Nl event-related potentials to standard stimuli 

Means and standard error values for Nl ERPs to standard stimuli derived at Fz are 

provided in Table 23. There were no significant differences in Nl amplitudes or Nl latencies 

to standard stimuli between control participants, patients in the placebo condition and 

patients in the nicotine condition. 

Table 23. Mean (SE) Nl Amplitudes and Latencies at Fz to Standard Auditory Stimuli 

Amplitude (|JV) Latency (ms) 

Controls (n=l 2) -1.99(0.3) 101.50(2.2) 

Patients with Placebo 
(n=12) -1.59(0.2) 100.20(2.4) 

Patients with Nicotine 
(n=12) -1.44(0.2) 100.52(2.9) 

4.2.5 MMN event-related potentials 

Table 24 shows the means and standard errors of MMN amplitudes and latencies 

derived at Fz from the small-deviant-minus-standard difference waveform and the large-

deviant-minus- standard difference waveform. As the asterisks indicate, only controls had 

significant MMN components to both deviants. Patients in both conditions had significant 

MMN only to the large deviant. 

The MMN amplitudes of controls were larger than those of patients with placebo, but 

this difference just failed to reach significance [F(l,22)=3.96,/><.06, «2=.15]. Planned 

follow-up analyses of this group difference showed that the MMN amplitudes of controls to 

small-deviant stimuli were larger than those of patients with placebo [F(l,22)=7.10,/?<.01, 

«2=.24]. A main effect for type of deviant was also found in all main analyses [controls and 

patients-placebo: F(l,22)=15.23,/?<.001, n2=.41; controls and patients-nicotine: F(l,22)= 

6.20,p<.02, rc2=.22; patients in both conditions: F(l,l 1)=9.18,/?<.01, n2=A6]. 
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Table 24. Mean (SE) MMN Amplitudes and Latencies at Fz to Small- and Large-
Deviant Stimuli, with Significance of MMN Amplitudes Compared with Zero Baseline 

MMN Amplitude 

Small Deviants 

MV 

Large Deviants 

MV 

MMN Latency 

Small Deviants Large Deviants 

ms ms 

Controls (n=12) 

Patients with Placebo 
(n=12) 

Patients with Nicotine 
(n=12) 

-0.76(0.1)** 

-0.26(0.1) 

-0.47(0.1) 

-1.18(0.1)** 130.80(6.0) 108.33(3.2) 

-0.93(0.1)** 129.17(9.4) 115.17(5.0) 

-0.73(0.2)** 127.54(9.0) 115.17(5.7) 

**/?< .01 

Planned follow-up comparisons of these type-of-deviant effects indicated that 

controls and patients with placebo had greater MMN amplitudes to large deviants than to 

small deviants [controls: F(l,22)=4.53,/?<.045, «2=.17; placebo: F(l,22)= 11.5,/?<003, 

n2=.34]. The MMN amplitudes of patients with nicotine did not differ for the two deviants. 

To sum up, all three MMN components to large deviants were significant, but only controls 

had a significant MMN to small deviants. The only difference between the groups and 

conditions was that the MMN amplitudes to small deviants of controls were larger than the 

MMN amplitudes to small deviants of patients with placebo. The MMN amplitudes of 

controls and of patients with placebo were affected by stimulus deviance: they were greater 

following large deviants than following small deviants. The MMN amplitudes of patients 

with nicotine were not affected by stimulus deviance. 

MMN latencies did not differ significantly between controls, patients with placebo 

and patients with nicotine. Main effects of type of deviant were found in the analyses of 

controls and patients with placebo [F(l,22)=T0.31,/?<.004, n2=.32] and of controls and 

patients with nicotine [F(l,22)=6.44,/?<.02, n2=.23]. Planned follow-up analyses of these 

type-of-deviant effects indicated that the MMN latencies of controls were shorter to large 

deviants than to small deviants [F(l,22)=7.83,/K.01, n =.26]. To sum up, there were no 
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differences in latencies between the groups and conditions. Only the MMN latencies of 

controls were affected by stimulus deviance; they were shorter to large deviants than to small 

deviants. 

4.2.6 P3a event-related potentials 

Means and standard errors for P3a amplitudes and latencies derived at Cz from 

difference waveforms are provided in Table 25. The asterisks in the table indicate that only 

controls had significant P3a components to both deviants. The P3a components of patients in 

both conditions were not significant for either type of deviant. ANOVA results indicated that 

there was no significant group difference between the P3a amplitudes of controls and patients 

with placebo to either deviant [small: F(l,22)=0.09,/K.09, power=.06; large: [F( 1,22)= 1.51, 

p<23, power=.22]. The overall P3a amplitudes of controls and patients with nicotine were 

significantly different [F(l, 22)=4.63, p<.04, n =.17]. Planned follow-up comparisons of this 

group effect revealed that controls had a larger P3a amplitude to large deviants than patients 

with nicotine [F(l,22)=5.89,/K.02, «2=.21], but that their P3a amplitudes to small deviants 

were not different. 

Table 25. Mean (SE) P3a Amplitudes and Latencies at Cz to Small- and Large-
Deviant Stimuli, with Significance of P3a Amplitudes Compared with the Zero Baseline 

P3a Amplitude P3a Latency 

pv 

Small Deviants Large Deviants Small Deviants Large deviants 

MV ms ms 

Controls (n=l2) 0.46(0.3)* 0.95(0.2)** 292.58(11.9) 276.63(10.3) 

Patients with Placebo 
(n=12) 0.38(0.2) 

Patients with Nicotine 
(n=12) 0.20(0.2) 

0.55(0.3) 288.02(10.1) 290.95(13.4) 

0.32(0.3) 283.47(10.7) 274.02(11.1) 

*p< .05; **p<M 
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The analysis of controls and patients with placebo indicated that they were affected 

by stimulus deviance, but this effect failed to attain significance [F(l,22)=3.72,/?<.067, 

«2=.15]. Planned follow-up analyses of this type-of-deviant effect revealed that controls had 

a larger P3a amplitude to large deviants compared to small deviants [F(l,22)=4.10,/?<.055, 

n =.16]. To sum up, controls had significant P3a components to both deviants, but patients 

in both conditions did not have significant P3a components for either the small or the large 

deviants. The only difference between the groups and conditions was that controls had a 

greater P3a amplitude to large deviants than patients with nicotine. The only effect of 

stimulus deviance was for controls, who had greater P3a amplitudes to large deviants than to 

small deviants. None of the analyses of P3a latencies found significant effects. 

4.2.7 RON event-related potentials 

Means and standard errors of RON amplitudes and latencies at Fz from difference 

waveforms are provided in Table 26. The asterisks in the table indicate whether the RON 

amplitudes were significantly different from the zero baseline. Only controls had significant 

RON components to both deviants, while patients in both conditions had significant RON 

components only to large deviants. None of the ANOVAs of RON amplitudes and latencies 

found significant effects. 

4.2.8 Correlations 

Given the small sample sizes, the following correlation analyses are exploratory and 

may reflect chance findings. 

4.2.8.1. RT, accuracy, ERP, PANSS, medication and TWSC ratings of patients 

Longer reaction times of patients in the placebo condition to small-deviant stimuli 

were associated with higher scores on the excitement item of the positive-symptoms subscale 

of the PANSS [Kendall's tau(12)=.51,p<.04]. Smaller MMN amplitudes to small deviants of 

patients with placebo were associated with higher scores on the anxiety sub-item of the 

general psychopathology scale of the PANSS [Kendall's tau(12)=-.51,/?<.04]. Larger MMN 

amplitudes of patients with placebo to large deviants were associated with higher scores on 

the "stereotyped thinking" sub-item of the negative scale of the PANSS [Kendall's tau(12)=-

.60,p<.02\. Smaller RON amplitudes in patients with placebo to small deviants were 
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Table 26. Mean (SE) RON Amplitudes and Latencies at Fz to Small- and Large-
Deviant Stimuli, with Significance of RON Amplitudes Compared with Zero Baseline 

RON Amplitude RON Latency 

MV 

Small Deviants Large Deviants Small Deviants Large Deviants 

MV ms ms 

Controls (n=12) 

Patients with Placebo 
(n=12) 

Patients with Nicotine 
(n=12) 

-0.49(0.2)* 

-0.32(0.3) 

-0.39(0.2) 

-0.39(0.2) * * 518.16(12.8) 497.33(12.2) 

-0.65(0.2)** 519.47(11.2) 511.66(15.9) 

-0.64(0.2)** 511.66(10.2) 514.26(13.2) 

*p<.05; **p<.0l 

associated with higher scores on the General Psychopathology Scale of the PANSS [r=-.61, 

p<.03]. There were no significant correlations between the ERPs of patients and their TWSC 

ratings. There were no significant correlations between nicotine-induced "change" scores for 

ERPs and nicotine-induced "change" ratings for the TWSC. Patients' doses of antipsychotic 

medication (measured in chlorpromazine equivalents; Bezchlibnyk-Butler & Jeffries, 2006) 

were not correlated with their ERPs or behavioural results. 

4.2.8.2. Correlations between ERPs 

In patients with placebo, greater MMN amplitudes to small-deviant stimuli were 

associated with larger P3a amplitudes to small-deviant stimuli [r=.64,p<.03] and to large-

deviant stimuli [r=.67,p<.02]. Greater MMN amplitudes in patients with placebo to large-

deviant stimuli were associated with greater P3a amplitudes to large-deviant stimuli [r=.71, 

p<.0\]. In patients who ingested placebo, greater RON amplitudes to large-deviant stimuli 

were correlated with greater MMN to small deviants [r=.66, p<.02] and large deviants. 

[r=.69,p<.0\]. In patients who ingested placebo, larger P3a amplitudes to large deviants 

were associated with longer P3a latencies to wide deviants [r=.69,p<.0\]. In patients who 
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took placebo, larger RON amplitudes to small deviants were associated with shorter RON 

latencies to small deviants [r=-.60,p<.04]. 

4.3 Discussion 

This experiment tested the hypothesis that minimally-deprived schizophrenic smokers 

would show behavioural and electrophysiological evidence of abnormal distractor 

processing, with performance measures indicating greater responsivity to task-irrelevant 

acoustic deviants, but with ERP measures showing less responsivity with respect to pre-

attentive detection, involuntary attentional switching and attentional re-orientation. It was 

also hypothesized that these abnormalities might be altered with acute nicotine intake. For 

both controls and patients, reaction times to visual targets were slightly but significantly 

prolonged when they were preceded by a rare auditory deviant compared to when they were 

preceded by a frequent auditory standard. There was thus evidence that the processing of the 

irrelevant auditory deviant did have a detrimental effect on the visual detection task. 

However, accuracy of detection of the visual target was not affected by the prior presentation 

of the auditory deviant. Patients had a lower accuracy, demonstrating that the task was more 

difficult for them. Many reasons could account for this difference in accuracy, including 

deficits in sensory encoding and perception of the visual stimuli and/or inability to sustain 

attention. 

The MMN was attenuated in the patient group following presentation of the small 

deviant stimuli. This replicates many previous studies. The MMN following presentation of 

the large deviant was slightly but not significantly reduced in the patients compared to the 

controls. Muller-Gass et al. (2006) noted that attention to the auditory train of stimuli can 

increase the amplitude of the MMN elicited by small deviants. One reason for this is that 

attention might improve the discriminability of the standard and deviants, or perhaps alter the 

sensory memory for the standards. Attention did not alter the MMN elicited by the large 

deviant because it was already easy to discriminate from the standard. It is possible that 

controls were able to attend to both the auditory and visual stimuli, thereby increasing their 

MMN to the small deviant. Patients may not have had the attentional capacity to attend both 

stimuli, with the result that their MMN to small deviants was attenuated compared with 

controls'. 
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P3a amplitudes and latencies did not differ for patients and controls, but only controls 

had greater P3a amplitudes to large deviants than to small ones. There were no differences 

between the RON components of patients and controls. As in Experiment 2, patients in 

Experiment 3 exhibited significant distraction effects (prolongation in RT following 

presentation of the large deviant) without showing a significant P3a. This is not consistent 

with Naatanen's (1990, 1992) model of auditory processing, which seemed to require that 

behavioural distraction be preceded by a switching of attention accompanied by a significant 

P3a. However, since Naatanen specified that the threshold for the switching of attention may 

vary across groups, it is possible that very small MMN and P3a components may be 

sufficient to trigger an attention switch and consequent distraction in schizophrenic patients. 

Nicotine exerted important effects on patients' behavioural and electrophysiological 

measures. Unlike controls and patients in the placebo condition, patients who took nicotine 

did not show prolonged reaction times in response to task-irrelevant frequency deviants. 

Unlike the MMN amplitudes of patients in the placebo condition, the MMN amplitudes of 

patients in the nicotine condition to small deviants did not differ from that of controls. Also 

unlike patients who were administered placebo, patients who received nicotine had smaller 

P3a amplitudes to large deviants than control participants. A possible mechanism through 

which nicotine may have changed patients' MMN amplitudes is by nicotine's activation of 

nicotinergic a 7 brain receptors, which affect NMD A by modulating the release of many 

neurotransmitters. All the effects described above were independent of early sensory 

processing, as Nl amplitudes and latencies to standard stimuli were similar in patients and 

controls and were not affected by nicotine administration. The nicotine effect appears to 

reflect an absolute effect of nicotine since it was not related to smoking withdrawal intensity 

or to nicotine-induced withdrawal relief. 

4.3.1 Results for healthy subjects in this experiment vs. results in Escera-type studies 

Part of the objectives of this experiment was to use an auditory-visual distraction 

paradigm similar to that of Escera and colleagues (see review in Escera, Alho, Schroger, & 

Winkler, 2000) because this paradigm had been successful in eliciting small but significant 

behavioural and ERP distraction effects in healthy subjects. Did this experiment obtain 
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similar results? This is determined by comparing the results of Escera-type studies with the 

results obtained by this experiment's control participants. 

Starting with behavioural performance, the results for control subjects in this 

experiment indicate that hit rates were not affected by task-irrelevant changes in frequency in 

unattended auditory stimuli. On the other hand, RTs were significantly prolonged by 12 ms 

following presentation of large (42%) frequency deviances. They were also prolonged by 13 

ms following small (15%) frequency deviances, but that difference was not statistically 

significant (p<.07). Similar results have been found in other Escera-type studies. In Yago, 

Corral and Escera (2001), for example, a 10% frequency deviance significantly prolonged 

RT to visual stimuli by 8 ms. In contrast, when the extent of deviance was very small (5%), 

RT was reported to decrease and when deviance was large (65% to 80%), no effect on RT 

was observed. The same study found no deviance effect on hit rates to any of its six 

frequency deviants, some of which were almost identical to the ones in this study (15% and 

40%). Reviews of Escera-type studies (Escera, Alho, SchrOger, & Winkler, 2000; Escera, 

Alho, Winkler, & Naatanen, 1998) reported that relatively minor changes in frequencies such 

as the ones used in this experiment produced reductions in accuracy (hit rates) of about 2%, 

and RT reductions of about 5 ms, while obtrusive novel sound deviants produced RT 

prolongations of 20 ms and longer. 

Table 27 presents the ERPs obtained in this experiment to those obtained in Yago, 

Corral, & Escera (2001). The Yago et al. study was chosen for this comparison because it 

included stimuli with almost the same degrees of deviance. Even more important, it is among 

the few studies of this type that published detailed ERP results. In Yago et al., the auditory 

stimuli were a 600 Hz standard tone (p = .82) and six deviant tones (p = .03 each) which 

differed in frequency by 5% (630 Hz), 10% (660 Hz), 15% (690 Hz), 20% (720 Hz), 40% 

(840 Hz) and 80% (1080 Hz). This experiment used a 1200 Hz standard one (p = .80) and 

two deviant tones (p = .10 each) which differed in frequency by 15% (1025 Hz) and 42% 

(1200 Hz). Table 27 only shows the Yago et al. results for the 15% and 40% deviant 

frequencies. 
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Table 27. ERP Amplitudes in this Experiment and in Yago, Corral and Escera (2001) 

Yago, Corral, & Escera (2001) 
15% deviant 

40% deviant 

Experiment 3, results for controls 
15% deviant 

42% deviant 

*p<.05; **/?< .01 

MMN 
(MV) 

-0.93* 

-0.72* 

-0.76** 

-1.18** 

P3a 
(MV) 

0.58 

1.02* 

0.46* 

0.95** 

RON 
(MV) 

-1.23** 

-1.62** 

-0.49* 

-0.39** 

The results in Table 27 indicate that there are many similarities between the two sets 

of results. The gaps between the MMN and P3a amplitudes of the two studies are almost all 

relatively small: 0.17 |JV for the MMN amplitudes to the 15% deviant, 0.42 pV for the 

MMN to the 40-42% deviant,, 0.12 |JV for the P3a to the 15% deviant and 0.07 [i\ for the 

MMN to the 40-42% deviant. The only difference in significance relative to the zero baseline 

is that the P3a to the 15% deviant is significantly greater than zero in this experiment, but not 

significant in the Yago et al. study. On the other hand, Yago et al. reported significant P3a 

amplitudes to their 10% and 20% deviants. Differences in RON amplitudes between the two 

studies are greater (0.74 |JV for small deviants and 1.23 pV for large) than for the MMN and 

the P3a, but this could be due to differences between the tasks. Subjects in this experiment 

discriminated between letters and numbers, while subjects in the Yago et al. experiment 

discriminated between even and odd numbers. Overall, this comparison of the results of the 

Yago et al. experiment and of this experiment suggests that Experiment 3 was quite 

successful in replicating the results of Escera-type distraction experiments. 

4.3.2 Behavioural differences between controls and patients in the placebo condition 

The behavioural discrimination task did not produce significant differences in RTs 

between controls and patients in the placebo condition. However, controls had a higher hit 

rate than the patients. This finding of diminished accuracy in the patients is consistent with 
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previous findings of impairment in sustained attention (vigilance) in schizophrenia (Green, 

1996; Sharma & Antonova, 2003). Sustained attention is often assessed with the Continuous 

Performance Test, in which subjects monitor a series of numbers or letters and are asked to 

press a button when they detect a specified target. Schizophrenic patients typically miss more 

targets than healthy controls, even in the absence of distraction (Nestor & O'Donnell, 1998). 

The fact that patients required much more frequent breaks (rest periods) than controls in this 

experiment in order to maintain adequate performance in this experiment suggests that 

sustaining attention on the task was more difficult for the patients. 

Frequency deviances had no significant effect on the hit rate of either controls or 

patients who took placebo. These results are not consistent with the predictions formulated 

for Experiment 3. It was predicted that both controls and patients would experience deviance-

related decreases in hit rates, with greater decreases in patients than in controls. The RTs of 

both patients and controls were affected by irrelevant stimulus deviance. Large-deviant 

frequencies prolonged the RTs of controls by 17 ms and the RTs of patients by 14 ms. The 

RTs of controls to small deviants were also prolonged by 13 ms, but this result did not reach 

statistical significance (p=.07). These RT prolongations confirm that the frequency deviants 

distracted patients and controls away from the discrimination task and toward the deviant 

stimuli. 

The lack of a deviance effect on the hit rates of the patients, and the lack of 

difference between patients and controls in deviance-associated performance alterations, are 

unexpected given previous reports of increased patient vulnerability to distraction (Braff, 

1993). This result is particularly surprising since healthy subjects have shown distraction 

effects on accuracy measures with similar paradigms (see review in Escera et al., 2000). A 

possible explanation for the patients' results is the lack of representativity of the sample of 

patients who participated in this experiment. As described earlier, these patients did not differ 

from controls in intelligence or in years of schooling. Schizophrenic patients typically 

perform one to two standard deviations below the general population on neuropsychological 

tests (Bilder, 1997). The problem is that only "high functioning" (the psychiatrists' term) 

patients can be enrolled in studies with this type of paradigm because less "high functioning" 

patients are unable to perform the task adequately. 
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4.3.3 MMN differences between controls and patients in the placebo condition 

The MMN was attenuated in the patient group following presentation of the small 

deviant stimulus. This replicates many previous studies (reviewed by Umbricht & Krljes, 

2005). The MMN following presentation of the large deviant was slightly but not 

significantly reduced in the patients compared to the controls. One possible reason for the 

difference in MMN to small deviants may be due to reduced attentional capacities in the 

patients. Muller-Gass, Stelmack and Campbell (2006) have noted that attention to the 

auditory train of stimuli can increase the amplitude the MMN elicited by small deviants. One 

reason for this is that attention might improve the discriminability of the standard and 

deviants or perhaps alter the sensory memory for the standards. Attention to the auditory 

stimuli was not necessary to alter the MMN elicited by a large deviant because it was already 

easy to discriminate from the standard. It is thus possible that controls were able to attend to 

both the auditory and visual stimuli. This benefited the processing of the small deviant but 

not the large deviant. The patients may not have been as attentive as the controls given their 

reduced attentional resources. This would not have affected the MMN elicited by the large 

deviant but would have resulted in an attenuated MMN following presentation of the small 

deviant. 

The other significant MMN effect in Experiment 3 was that the MMNs of controls 

and patients both showed stimulus deviance effects: both groups had greater MMN 

amplitudes to large deviants than to small deviants. This is a well-known effect of "bottom 

up" processes, that is an effect of the magnitude of the irrelevant deviances (Berti, Roeber, & 

Schroger, 2004). "Bottom up" mechanisms react to raw sensory input, shifting attention 

quickly and automatically to potentially important changes in our environment. The greater 

the change, the greater the reaction. In addition, controls had shorter MMN latencies to large 

deviants than to small deviants, while the MMN latencies of patients did not distinguish 

between the two types of deviants. The shortening of the MMN latencies of controls to 

increases in stimulus deviance, which was also found in Experiment 2, is compatible with 

theories suggesting that healthy people are more efficient than schizophrenic patients at 

processing irrelevant information (Birkett, Brindley, Norman, Harrison, & Baddeley, 2006; 

Gooding, Braun, & Studen, 2006; Wang et al., 2005). 
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4.3.4 P3a differences between controls and patients in the placebo condition 

There were no statistically significant differences between the P3a amplitudes of 

patients and controls. This is surprising because the P3a components of patients to both 

deviants, unlike those of controls, were so small that they were not significantly different 

from the zero baseline. This lack of group difference does not appear to be due to a reduction 

in the P3a amplitudes of controls, since their P3a amplitudes were not much smaller than the 

ones obtained with similar stimuli in the study by Yago, Corral and Escera (2001; see 

comparison in Table 27). The ANOVA results suggest that the lack of a significant group 

difference may be related to low statistical power, at least for group differences in P3a 

amplitudes to small deviants, and possibly also to large deviants (power = .06 for P3a 

amplitude to small deviants; .22 to large deviants). The cause of these statistical difficulties, 

apart from the small number of subjects, is that these components are very small and that the 

deviance in patient's results is relatively large. The P3a amplitudes of controls, unlike those 

of patients, were greater to large deviants than to small deviants. 

Although the lack of group differences between patients and controls on the P3a was 

unexpected, the small size of patients' P3a components (neither was different from the zero 

baseline) is consistent with previous findings of reduced P3a components in schizophrenic 

patients (see review earlier in this thesis). Reductions of the P3a component in schizophrenia 

were associated with many brain regions (Laurens et al., 2005). According to Valkonen-

Korhonen et al. (2003), who found normal MMN components and diminished P3a 

components in schizophrenic patients, no single neural dysfunction is responsible. Instead, 

they suggested that many impairments are involved, including a deficit in sensory memory 

trace formation, alterations in deviance detection processes and deficits in attentional 

processes. The result is that unlike a healthy brain, in which deviance detection processes 

instantly update its model of the sensory input as the changes occur (Sussman et al., 2001, 

2002), the brains of schizophrenic patients appear to have imbalanced processes of 

temporospatial deviance detection. 

In Experiment 3, as in Experiment 2, schizophrenic patients had a significant MMN 

to large deviants, and a prolongation in reaction time to large deviants, despite not having a 

significant P3a component to large deviants. As mentioned in the discussion for Experiment 

2, these results do not necessarily contradict Naatanen's model of auditory processing, which 
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seemed to require that a significant P3a accompany behavioural distraction. Since Naatanen 

(1990, 1992) specified that the threshold for the switching of attention may vary across 

individuals and groups, perhaps even very small MMN and P3a components are capable of 

provoking an attention switch and consequent behavioural distraction in schizophrenic 

patients. 

In controls, but not in patients, larger P3a amplitudes were associated with shorter 

reaction times. In patients with placebo, greater MMN amplitudes were associated with 

greater P3a amplitudes and longer P3a latencies to large deviants. 

4.3.5 RON differences between controls and patients in the placebo condition 

There were no statistically significant differences between the RON amplitudes of 

patients and controls, even though the RON component to small deviants of patients was not 

significantly different from zero. In Figure 6, however, the RON components of controls and 

the RON components to large deviants in patients in both conditions are clearly visible. 

RON correlation results for controls are consistent with the Schroger-Wolff theory 

that this component is associated with the reorienting of attention back to the task after 

distraction. There was a strong association (r=.62) between larger RON amplitudes and 

longer reaction times to standard and large-deviant stimuli. This is the reverse of the pattern 

for the P3a, where larger P3a amplitudes were associated with shorter reaction times. In 

patients who took placebo, larger RON amplitudes were associated with larger MMN 

amplitudes. 

4.3.6 Nicotine effects 

Nicotine administration was associated with important effects in patients in this 

experiment. Most importantly, nicotine appears to have changed behaviour: nicotine-treated 

patients were less distractible than controls. Unlike controls and patients in the placebo 

condition, whose reaction times were prolonged in response to irrelevant large frequency 

deviants, patients who ingested nicotine showed no prolongation in reaction times following 

these deviants. Unlike the MMN amplitudes of patients in the placebo condition, the MMN 

amplitudes to small deviants of patients in the nicotine condition did not differ from that of 

controls. Nicotine may have changed patients' MMN amplitudes by activating nicotinergic 
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a 7 brain receptors, which affect NMD A by modulating the release of dopamine, glutamate, 

GABA, serotonin and acetylcholine (Berman, Talmage, & Role, 2007). Several studies have 

found links between NMDA receptor hypofunction and deficits in the MMN (reviewed in 

Umbricht & Krljes, 2005). NMDA antagonists have been shown to induce patterns of 

symptoms similar to those of schizophrenia (Javitt, 2007). 

Finally, nicotine administration in patients was associated with reduced P3a 

amplitude to large deviants such that it became significantly smaller than the P3a of controls. 

Indeed, this nicotine-altered P3a did not significantly vary from the zero baseline. The 

absence of the P3a suggests that ingestion of nicotine prevented the inappropriate switching 

of attention from the visual task to the processing of the irrelevant auditory deviant. Since the 

P3a is believed to have frontal generators (Friedman, Cycowicz et al., 2001), this effect may 

reflect frontal lobe inhibitory action to regulate the control of attention (Lewis, Cruz, Eggan, 

& Erickson, 2004; Volk & Lewis, 2002). Nicotine may therefore have served to prevent the 

behavioural distraction seen in patients in the placebo condition. The P3a is consistent with 

the performance data. RTs to the visual task preceded by the large auditory deviants were 

prolonged in patients following ingestion of the placebo. They were not prolonged following 

ingestion of nicotine. 

Nicotine affected the distraction-related ERPs of schizophrenic patients both by 

increasing some (MMN to small deviants) and by decreasing others (P3a to large deviants). 

This suggests a moderating function resembling the executive "top-down" control that is 

attributed to working memory functions based in the prefrontal cortex. San Miguel, Corral 

and Escera (2008) argue that a clear link between attentional control and working memory is 

emerging, with the evidence pointing toward a role of working memory in controlling the 

balance between the exogenous (involuntary) and endogenous (voluntary) mechanisms of 

attention. This experiment's results suggest that, under specific conditions, nicotine may 

improve attention and reduce distraction by bolstering deficient working memories. This is 

consistent with the theory of Newhouse, Potter and Singh (2004) to the effect that nicotine 

enhances cognition in smokers and in patients with cognitive problems, but would not 

improve and may even impair cognitive functioning in people who are already at or near 

their optimal cognitive level. 
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4.3.7 Relations between medication, clinical ratings, tobacco withdrawal and results 

There were no correlations between medication status and any of the results in this 

experiment. There were no associations between patients' behavioural or ERP results and 

their tobacco withdrawal symptoms. Smaller MMN and RON amplitudes were associated 

with higher scores on the general psychopathology scale of the PANSS. Smaller MMN 

amplitudes were also associated with positive symptoms including delusions, suspiciousness 

and hostility. 

5.0 SUMMARY AND CONCLUSION 

The purpose of this thesis was to use behavioural performance measures (hit rates, 

RT) and distraction-related ERPs (MMN, P3a, RON) to gain a better understanding of the 

cerebral processes related to distractor processing in schizophrenia, and a better 

understanding of the effects of nicotine on this processing in schizophrenic smokers. To 

accomplish this, three double-blind, placebo-controlled experiments with different paradigms 

were performed. The subjects were minimally-nicotine-deprived (3 hours) schizophrenic 

smokers and healthy smokers. 

Study 1 used a passive (non-task) paradigm in which subjects watched a silent video 

while they heard (and were instructed to ignore) frequent and rare deviant tones. The results 

replicated many previous studies showing that patients had diminished MMN amplitudes 

following presentation of both frequency and duration deviants. Contrary to previous 

findings that MMN components associated with duration deviants were more diminished in 

schizophrenia than MMN components associated with frequency deviants (see review by 

Umbricht and Krljes, 2005), this study found larger patient deficits in MMN components 

elicited by frequency deviants than by duration deviants. Strong correlations between the 

frequency and duration MMN amplitudes of schizophrenia patients suggested that even 

though the acoustic change detection processes underlying the frequency and duration 

MMNs are different, they are closely connected in the patients. As reduced frequency MMNs 

are seen in late but not in early schizophrenia, and attenuated duration MMNs are seen 

regardless of disease progression, the current findings raise hopes that the MMN, and the 

frequency MMN in particular, might offer a biological marker of post-onset progressive 

cognitive deterioration in schizophrenia (Todd et al., 2008; Umbricht & Krljes, 2005). If that 
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were the case, it would have profound theoretical and clinical implications for understanding 

and treating schizophrenia (van der Stelt & Belger, 2007). 

Relative to controls, patients treated acutely with nicotine still exhibited diminished 

frequency MMNs but not duration MMNs. Given that the initiation of smoking behaviour 

precedes symptom expression in young schizophrenic patients (Gurpegui et al., 2005; Riala, 

Hakko, Isohanni, Pouta, & Rasanen, 2005) and that reduced duration, but not frequency 

MMNs, are exhibited in first-episode patients and early schizophrenia (Salisbury et al., 2002; 

Todd et al., 2008), nicotine effects on MMN elicited by duration properties may reflect 

actions on vulnerability mechanisms predisposing to schizophrenia. 

It is not easy to speculate on the specific mechanism through which nicotine might 

have effected these changes since the causes of the differences between the MMN of 

schizophrenic and healthy individuals are still unclear. Current theories include deficits in the 

encoding of stimulus features preventing the formation of precise memory traces against 

which deviant stimuli can be compared; possible problems with the frontal-lobe attention 

switching mechanism that the MMN may initiate; or a failure of coordination between 

different brain regions, in particular between the temporal and frontal lobes. According to 

Jacobsen et al.(2004), whose schizophrenic patient subjects underwent fMRI scanning while 

they performed a selective attention task with and without nicotine, nicotine enhanced 

functional brain connectivity in the patients. Since this increased functional connectivity 

included a network of regions including the frontal cortex, nicotine may activate an auditory-

cortex-frontal lobe network responsible for the automatic processing of sound duration 

changes. Considerable evidence has implicated deficient NMDA receptor functioning in 

MMN deficits in schizophrenia (Krystal et a l , 2003) and in functional disconnectivity in 

schizophrenia in particular (Nestor et al., 2001). Given that NMDA receptors are indirectly 

activated by nicotine (Purves et al., 1997), these nicotine-related functional changes may be 

one factor underlying smoking-schizophrenia co-morbidity. 

Study 2 of this thesis used the novel auditory distraction paradigm of Schroger and 

Wolff (1998b) that embeds task-irrelevant deviant features within task-related stimuli. The 

Schroger-Wo Iff paradigm had to be modified for this study because most schizophrenia 

patients were unable to adequately perform the required tone-duration discrimination task. 

Instead, an easier location-discrimination task was used in which subjects detected the ear of 
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delivery of the tones. Unfortunately, the location-discrimination task produced much weaker 

behavioural and electrophysiological effects than the conventional Schroger and Wolff task. 

One possible reason for the difference in results was that the presentation of half of the 

stimuli in each ear, instead of all in the same ear or in both ears simultaneously, interfered 

with the formation of a strong memory trace for the standard stimulus. Another possibility is 

that spatial selection, which is a fundamental and powerful form of selective attention, may 

be highly resistant to distraction effects. 

In spite of this drawback, the results of Study 2 included prolongations in reaction 

times to deviant stimuli, indicating that the deviants had caused some deterioration in 

performance in both patients and controls. Patients' MMNs did not differ from those of 

controls but they were greater to large deviants than to small. The cause of this stimulus 

deviance effect was a very small (non significant) patients' MMN to the small deviant. More 

importantly, patients in this study also had diminished (non-significant) P3a and RON 

components to both deviants. The finding of such a small P3a component, which is an 

electrocerebral index of attentional switching, was unexpected given the evidence of 

distraction provided by the prolongations in the reaction times of patients. These results 

appeared to suggest that the Naatanen model of auditory processing may not apply to 

schizophrenic patients. Under Naatanen's model, the attention-orienting process starts with 

an MMN-indexed detection of change in the environment. If the change is of sufficient 

magnitude, a subsequent significant P3a signals a switch in the orienting of attention away 

from the task and toward the processing of the irrelevant deviant stimulus. This switch of 

attention then produces a deterioration in performance on the original task. However, it is 

suggested that the results of Study 2 may be reconciled to Naatanen's model. The model 

proposed a threshold for the switching of attention that may vary across individuals and 

groups. Perhaps the threshold required for schizophrenia patients is lower than for healthy 

controls. 

The main nicotine effect in Study 2 was on patients' MMN amplitude to the small 

deviant. The gap between the MMN to the small and the large deviant that was observed in 

patients who ingested placebo was not observed in patients who took nicotine. This nicotine 

effect was achieved by increasing the MMN amplitudes of patients to the small deviant to the 

point where they became statistically significant. One possible reason why this MMN was so 
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small may be related to differences in the attentional capacities of patients and controls. The 

original Naatanen model (1990) had claimed that the MMN was unaffected by manipulations 

of attention, but Naatanen et al. (2007) now state that the MMN can sometimes be modified 

by attention because attention might enhance the discriminability of deviant stimuli (Muller-

Gass et al., 2006). This effect is strongest for the detection of small deviants, since large 

deviants do not need help to be discriminated. It is also possible that attention plays a greater 

role in a paradigm where deviants are embedded in the task-relevant stimuli, since subjects 

actively attend to the auditory channel in which irrelevant deviant features are presented. As 

a result, it is possible that the greater attentional capacities of controls, by increasing their 

MMN to the small deviant, prevented them from having a stimulus-deviance effect like the 

one observed in the patients. Kassel (1997) suggested that nicotine improves cognition in two 

ways: by increasing the attentional resources allocated to the task-relevant stimuli, and by 

narrowing the brain's internal stimulus filter that inhibits the processing of irrelevant stimuli. 

In Study 2, nicotine appears to have increased the attentional resources of the patients to all 

stimuli, including the small deviants. 

Study 3 used a visual task with auditory frequency deviants. These deviants caused 

patients and controls to have prolongations in reaction time to the task. The MMN of patients 

to the small deviant were non-significant and reduced compared to those of controls. The P3a 

amplitudes of patients and controls did not differ but the P3a to both deviants of the patients 

were so small that they were not significant. Once again, patients were exhibiting an MMN 

and evidence of behavioural distraction without having a significant P3a. 

Nicotine exerted important behavioural and ERP effects in this experiment. Patients 

who were administered nicotine were less distractible than controls. Unlike controls and 

patients who ingested placebo, patients who ingested nicotine did not exhibit prolongations 

in their reaction times following the presentation of deviant tones. These same patients who 

were administered nicotine also exhibited smaller P3a amplitudes than controls, suggesting 

that nicotine dampened the frontal attention-switching function contributing to behavioural 

distraction. In addition, nicotine caused the MMN of patients to the small deviant to increase 

to the point where it was no longer significantly different from that of controls. In this study, 

nicotine affected the ERPs of patients by increasing some (MMN to small deviants) and 

decreasing others (P3a to large deviants). These effects suggest that nicotine is playing a 
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moderating role that resembles the executive "top-down" control that is attributed to working 

memory functions based in the prefrontal cortex. These results give support to theories 

suggesting that, under specific conditions, nicotine may improve attention and reduce 

distraction by bolstering deficient working memories. 

These nicotine-related attentional/cognitive actions in patients are consistent with 

recent findings on DMXB-A, a novel partial a 7 nAChR agonist that is currently undergoing 

clinical trials in schizophrenia and has been shown to improve sensory gating (Olincy et al., 

2006). According to the most recent report (Freedman et al., 2008), DMXB-A improved 

patients' scores on attention/vigilance and working memory and reduced their negative 

symptoms. These findings provide support to the theory that schizophrenic patients smoke as 

self-medication to relieve early sensory processing deficits that may mediate their cognitive 

and clinical symptoms (Lasser et al., 2000). Since intact cognitive processes are crucial to the 

capacity of schizophrenia patients to lead normal social and professional lives, it is highly 

desirable that more research be devoted to this promising field. Perhaps even more important 

for schizophrenic patients who smoke to self-medicate their cognitive symptoms, the 

development of nicotine drugs that could take the place of cigarettes could also reduce the 

harmful health consequences associated with smoking. 

The experiments performed for this thesis had limitations. Their main weakness was 

the small number of participants. It was mentioned several times in reporting these 

experiments that surprising non-statistically-significant differences may have been due to 

too-low statistical power. This study would also have been enriched by using multiple 

nicotine doses and routes of nicotine administration which more closely mimic smoking (e.g. 

nicotine inhaling) and by having both patients and controls take acute nicotine, instead of 

only patients, and having non-smoking as well as smoking participants. The study would 

have gained by using a larger number of electrodes, especially electrodes positioned at 

mastoid and frontal sites using nose reference, in order to be able to examine the separate 

effects of nicotine at these different sites (Kujala et al., 2007). There is of course an ethical 

concern when nicotine is administered to non-smoking participants. On the other hand, the 

decision to investigate the effects of nicotine on patients and control subjects who smoke was 

justified. Researchers who use nonsmoking subjects, such as Barr et al. (2008) in a recent 

study, for example, must then qualify their findings as follows: 
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We chose to investigate the effects of nicotine in nonsmokers and excluded smokers 
to avoid the confounding effects of nicotine withdrawal and reversal effects on 
outcome measures. Findings in nonsmokers with schizophrenia may not generalize to 
smokers with schizophrenia because smokers with schizophrenia may have 
pathophysiological differences compared with nonsmokers, including more severe 
disease. 

The objectives pursued by Barr et al. (2008) are legitimate ones but they are not the ones that 

were pursued in this thesis. One of the objectives of this thesis was to gain a better 

understanding of the reasons why schizophrenic smokers have such a high rate of smoking 

(while keeping in mind that smoking involves more than ingesting nicotine; see Forchuk et 

al., 2002). This could not have been achieved with a sample of nonsmoking patients. 

Another main problem with this study was that the patients were not typical 

schizophrenia patients. They had to be exceptionally "high-functioning" (the psychiatrists' 

term) to be able to perform the relatively complex tasks required for these experiments. As a 

result, this study must also specify that its results cannot be generalized to all smokers with 

schizophrenia. This poses a challenge to future researchers, who must find paradigms that 

can examine the cognitive effects of nicotine without requiring that the patient subjects be 

exceptionally competent. Finally, the fact that all the patients were taking antipsychotic 

medication was not considered a problem since previous studies found no effect of typical or 

atypical antipsychotics on the MMN (Schall et a l , 1998; Umbricht et al., 1998,1999), and 

since no correlation was found between patients' dosage of antipsychotic medication and any 

of their behavioural or ERP results. A recent study by Rezvani et al. (2007) found that 

clozapine had impaired attentional function in rats, but only one patient who participated in 

this study was taking that medication. 

Given the pivotal role of NMDA receptor hypofunction in schizophrenia, future 

studies may wish to examine the separate and combined effects of nicotine and NMDA 

agonists on attentional processing in these patients. 



Nicotine and schizophrenia 163 

REFERENCES 
Aaltonen, O., Tuomainen, J., Laine, M., & Niemi, P. (1993). Cortical difference in 

tonal versus vowel processing as revealed by an ERP component called mismatch negativity 
(MMN). Brain and Language. 44. 139-152. 

Abi-Dargham, A. (2007). Alterations of serotonin transmission in schizophrenia. 
International Review of Neurobiology. 78. 133-164. 

Abi-Dargham, A., & Guillin, O., Eds. (2007). Integrating the Neurobiology of 
Schizophrenia. New York: Elsevier. 

Addington, J., & Addington, D. (1997). Attentional vulnerability indicators in 
schizophrenia and bipolar disorder. Schizophrenia Research. 23. 197-204. 

Addington, J., & Addington, D. (1999). Neurocognitive and social functioning in 
schizophrenia. Schizophrenia Bulletin. 25. 173-182. 

Addington, J, Brooks, B.L., & Addington, D. (2003). Cognitive functioning in first 
episode psychosis: Initial presentation. Schizophrenia Research. 62, 59-64. 

Addington, J., el-Guebaly, N., Addington, D., & Hodgins, D. (1997). Readiness to 
stop smoking in schizophrenia. Canadian Journal of Psychiatry, 42(1), 49-52. 

Adler, G., Gattaz, W.F. (1993). Auditory evoked potentials in schizophrenic patients 
before and during neuroleptic treatment: Relationship to psychopathological state. European 
Archives of Psychiatry and Clinical Neurosciences, 242. 357-361. 

Adler, L.E., Hoffer, L.D., Wiser, A., & Freedman, R. (1993). Normalization of 
auditory physiology by cigarette smoking in schizophrenic patients. American Journal of 
Psychiatry. 150. 1856-1861. 

Adler, L.E., Olincy, A., Waldo, M., Harris, J.G., Griffith, J., Stevens, K., Flach, K., 
Nagamoto, H., Bickford, P., Leonard, S., & Freedman, R. (1998). Schizophrenia, sensory 
gating, and nicotinic receptors. Schizophrenia Bulletin, 24(2), 189-202. 

Ahveninen, J., Jaaskelai'nen, LP., Osipova, D., Huttunen, M.O., Ilmoniemi, R.J., 
Kaprio, J., Lonnqvist, J., Manninen, M., Pakarinen, S., Therman, S., Naatanen, R., & 
Cannon, T.D. (2006). Inherited auditory-cortical dysfunction in twin pairs discordant for 
schizophrenia. Biological Psychiatry. 60. 612-620. 

Alain, C , & Arnott, S.R. (2000). Selectively attending to auditory objects. Frontiers 
in Bioscience, 5, D202-D212. 



Nicotine and schizophrenia 164 

Alain, C , Bernstein, L.J., Cortese, F., Yu, H., & Zipursky, R.B. (2002). Deficits in 
automatically detecting changes in conjunction of auditory features in patients with 
schizophrenia. Psychophysiology. 39, 599-606. 

Alain, C , Bernstein, L.J., He, Y., Cortese, F., & Zipursky, R.B. (2002). Visual feature 
conjunction in patients with schizophrenia: An event-related brain potential study. 
Schizophrenia Research, 57, 69-79. 

Alain, C , Hargrave, R., & Woods, D.L. (1998). Processing of auditory stimuli during 
visual attention in patients with schizophrenia. Biological Psychiatry. 44. 1151-1159. 

Alain, C , & Woods, D.L. (1994). Signal clustering modulates auditory cortical 
activity in humans. Perception and Psychophysics, 56, 501-516. 

Alain, C , Woods, D.L., & Knight, R.T. (1998). A distributed cortical network for 
auditory sensory memory in humans. Brain Research, 812, 23-37. 

Aleman, A., Kahn, R.S., & Selten, J.P. (2003). Sex differences in the risk of 
schizophrenia. Archives of General Psychiatry, 60, 565-571. 

Algan, O., Furedy, J.J. Demirgoren, S., Vincent, A., & Pogun, S. (1997). Effects of 
tobacco smoking and gender on interhemispheric cognitive function: Performance and 
confidence measures. Behavioural Pharmacology, 8(5), 416-428. 

Alho, K., Escera, C , & Schroger, E. (2003). Event-related brain potential indices of 
involuntary attention to auditory stimulus changes. In J. Polich (Ed.), Detection of Change: 
Event-Related Potential and fMRI Findings, (pp. 23-40). Amsterdam: Kluwer. 

Alho, K., Woods, D.L., Algazi, A., Knight, R.T., & Naatanen, R. (1994). Lesions of 
frontal cortex diminish the auditory mismatch negativity. Electroencephalography and 
Clinical Neurophysiology, 91, 353-362. 

Alho, K., Woods, D.L., Algazi, A., & Naatanen, R. (1992). Intermodal selective 
attention. II. Effects of attentional load on processing of auditory and visual stimuli in central 
space. Electroencephalography and Clinical Neurophysiology, 82(5), 356-368. 

Amenedo, E., & Escera, C. (2000). The accuracy of sound duration representation in 
the human brain determines the accuracy of behavioural perception. European Journal of 
Neuroscience, 12, 2570-2574. 

American Psychiatric Association. (1994). Diagnostic and Statistical Manual of 
Mental Disorders, 4th Ed. Washington: APA. 

Andreasen, N.C. (1999). A unitary model of schizophrenia. Archives of General 
Psychiatry. 56. 781-787. 



Nicotine and schizophrenia 165 

Andreasen, N.C. (2000). Schizophrenia: The fundamental questions. Brain Research 
Reviews. 31, 106-112. 

Andreasen, N.C, & Black, D.W. (1999). Schizophrenia, schizophreniform disorder, 
and delusional (paranoid) disorders. In R.E. Hales, S.C. Yudofsky, & J.A. Talbott (Eds.), The 
American Psychiatric Press Textbook of Psychiatry, (pp. 425-473). Washington, D.C.: 
American Psychiatric Press. 

Andreasen, N.C, & Grove, W.M. (1982) The classification of depression: Traditional 
versus mathematical approaches. American Journal of Psychiatry, 139,45-52. 

Andreasen, N.C, Rezai, K., Alliger, R., Swayze, V.W. 2nd, Flaum, M., Kirchner, P., 
Cohen, G., & O'Leary, D.S. (1992). Hypofrontality in neuroleptic-naive patients and in 
patients with chronic schizophrenia. Archives of General Psychiatry, 49. 943-958. 

Angrist, B.M., & van Kammen, D.P. (1984). CNS stimulants as a tool in the study of 
schizophrenia. Trends in Neuroscience, 7, 388-390. 

Asarnow, R. F., Granholm, E., & Sherman, T. (1991). Span of apprehension in 
schizophrenia. In S. R. Steinhauer, J.H. Gruzelier, & J. Zubin (Eds.), Handbook of 
Schizophrenia., Vol. 5: Neuropsychology, Psychophysiology and Information Processing (pp. 
335-370). New York: Elsevier. 

Ascioglu, M., Dolu, N., Golgeli, A., Suer, C , & Ozesmi, C (2004). Effects of 
cigarette smoking on cognitive processing. International Journal of Neuroscience. 114.381-
390. 

Baddeley, A.D. (1986). Working Memory. Oxford, UK: Oxford University Press. 

Baerwald, J.P., Sandford, J., & Tryon, W.W. (2001). Modal attention asymmmetry in 
patients with schizophrenia and bipolar disorder. Neuropsychology, 15(4), 535-543. 

Baldeweg, T., Klugman, A., Gruzelier, J., & Hirsch, S.R. (2002). Impairment in 
frontal but not temporal components of mismatch negativity in schizophrenia. International 
Journal of Psychophysiology, 43,111-122. 

Baldeweg, T., Klugman, A., Gruzelier, J., & Hirsch, S.R. (2004). Mismatch negativity 
potentials and cognitive impairment in schizophrenia. Schizophrenia Research, 69, 203-217. 

Baldeweg, T., Wong, D., & Stephan, K.E. (2006). Nicotinic modulation of human 
auditory sensory memory: Evidence from mismatch negativity potentials. International 
Journal of Psychophysiology. 59.49-58. 



Nicotine and schizophrenia 166 

Balogh, D.W., & Leventhal, D.B. (1982). The use of temporal and amplitude cues by 
schizophrnics, psychiatric controls, and aged normals in auditory lateralization. Journal of 
Nervous and Mental Diseases, 170, 553-560. 

Barch, D.M. (2005). The cognitive neuroscience of schizophrenia. Annual Review of 
Clinical Psychology, 1, 321-353. 

Barch, D.M., Carter, C.S., Braver, T.S., Sabb, F.W., MacDonald, A.III, Noll, D.C., & 
Cohen, J.D. (2001). Selective deficits in prefrontal cortex function in medication-naive 
patients with schizophrenia. Archives of General Psychiatry, 58, 280-288. 

Barch, D.M., Csernansky, J.G., Conturo, T., & Snyder, A.Z. (2002). Working and 
long-term memory deficits in schizophrenia: is there a common prefrontal mechanism? 
Journal of Abnormal Psychology. 11U3). 478-494. 

Baribeau-Braun, J., Picton, T.W., & Gosselin, J-Y. (1983). Schizophrenia: A 
neurophysiological evaluation of abnormal information processing. Science, 219(4586"). 874-
876. 

Barr, R.S., Culhane, M.A., Jubelt, L.E., Mufti, R.S., Dyer, M.A., Weiss, A.P., 
Deckersbach, T., Kelly, J.F., Freudenreich, O., Goff, D.C., & Evins, A.E. (2008). The effects 
of transdermal nicotine on cognition in nonsmokers with schizophrenia and nonpsychiatric 
controls. Neuropsychopharmacology, 33, 480-490. 

Barrett, S.P., Boileau, I., Okker, J., Pihl, R.O., & Dagher, A. (2004). The hedonic 
response to cigarette smoking is proportional to dopamine release in the human striatum as 
measured by positron emission tomography and [1 lC]raclopride. Synapse, 54(2). 65-71. 

Barta, P.E., Pearlson, G.D., Powers, R.E., Richards, S.S., Tune, L.E. (1990). Auditory 
hallucinations and smaller superior temporal gyral volume in schizophrenia. American 
Journal of Psychiatry, 147. 1457-1462. 

Bazana, P.G., & Stelmack, R.M. (2002). Intelligence and information processing 
during an auditory discrimination task with backward masking: An event-related potential 
analysis. Journal of Personality and Social Psychology. 4,998-1008. 

Bell, S.L., Taylor, R.C., Singleton, E.G., Henningfield, J.E., & Heishman, S.J. (1999). 
Smoking after nicotine deprivation enhances cognitive performance and decreases tobacco 
craving in drug abusers. Nicotine and Tobacco Research. 1. 45-52. 

Bennett, M.R. (1998). Monoaminergic synapses and schizophrenia: 45 years of 
neuroleptics. Journal of Psychopharmacology. 12(3). 289-304. 



Nicotine and schizophrenia 167 

Benowitz, N.L., Jacob, P, Jones, R.T., & Rosenberg, J. (1982). Interindividual 
variability in the metabolism and cardiovascular effects of nicotine in man, Journal of 
Pharmacology and Experimental Therapeutics. 221. 368-372. 

Benwell, M.E., Balfour, D.J., & Anderson, J.M. (1988). Evidence that tobacco 
smoking increases the density of (-)-[3H]nicotine binding sites in human brain. Journal of 
Neurochemistrv. 50(4). 1243-1247. 

Beratis, S., Katrivanou, A., & Gourzis, P. (2001). Factors affecting smoking in 
schizophrenia. Comprehensive Psychiatry, 42(5), 393-402. 

Berlin, I., Singleton, E.G., Pedarriosse, A.M., Lancrenon, S., Rames, A., Aubin, H.J., 
& Niaura, R. (2003). The Modified Reasons for Smoking Scale: Factorial structure, gender 
effects and relationship with nicotine dependence and smoking cessation in French smokers. 
Addiction. 98(11). 1575-1583. 

Berman, J.A., Talmage, D.A., & Role, L.W. (2007). Cholinergic circuits and 
signaling in the pathophysiology of schizophrenia. International Review of Neurobiology. 78. 
193-233. 

Berti, S., Roeber, U., & Schroger, E. (2004). Bottom-up influences on working 
memory: Behavioral and electrophysiological distraction varies with distractor strength. 
Experimental Psychology, 51(4). 249-257. 

Berti, S., & Schroger, E. (2001). A comparison of auditory and visual distraction 
effects: Behavioral and event-related indices. Cognitive Brain Research, 10, 265-273. 

Berti, S., & Schroger, E. (2003). Working memory controls involuntary attention 
switching: Evidence from an auditory distraction paradigm. European Journal of 
Neuroscience, 17, 1119-1122. 

Bezchlibnyk-Butler, K.Z., & Jeffries, J.J. (2006). Clinical Handbook of Psychotropic 
Drugs. 16th Edition. Seattle, WA: Hogrefe & Huber. 

Bilder, R.M., Goldman, R.S., Robinson, D., Reiter, G., Bell, L., Bates, J.A., 
Pappadopulos, E., Willson, D.F., Alvir, J.M., Woerner, M.G., Geisler, S., Kane, J.M., & 
Lieberman, J.A. (2000). Neuropsychology of first-episode schizophrenia: Initial 
characterization and clinical correlates. American Journal of Psychiatry, 157(4), 549-559. 

Bilder, R., Lipschutz-Broch, L., Reiter, G., Geisler, S., Mayerhoff, D., & Lieberman, 
J. (1992). Intellectual deficits in first episode schizophrenia: evidence for progressive 
deterioration. Schizophrenia Bulletin, 18, 437-448. 

Birkett, P., Brindley, A., Norman, P., Harrison, G., & Baddeley, A. (2006). Control of 
attention in schizophrenia. Journal of Psychiatric Research. 40. 579-588. 



Nicotine and schizophrenia 168 

Black, P.F. (2003). Aripiprazole: Efficacy and tolerability profile of a novel-acting 
atypical antipsychotic. Prims Today, 39(2), 145-151. 

Blair, J.R., & Spreen, O. (1989). Predicting premorbid IQ: A revision of the North 
American Reading Test. Clinical Neuropsychologist, 3, 129-136. 

Bleuler, E., Dementia Praecox or the Group of Schizophrenias. (1950). New York: 
International Universities Press. 

Bowie, C.R., & Harvey, P.D. (2005). Cognition in schizophrenia: Impairments, 
determinants, and functional importance. Psychiatric Clinics of North America, 28, 613-633. 

Braff, D.L. (1993). Information processing and attention dysfunctions in 
schizophrenia. Schizophrenia Bulletin, 19(2), 233-259. 

Braff, D.L., Grillon, C , & Geyer, M.A. (1992). Gating and habituation of the startle 
reflex in schizophrenic patients. Archives of General Psychiatry. 49(3). 206-215. 

Bramon, E., Croft, R.J., McDonald, C , Virdi, G.K., Gruzelier, J.G., Baldeweg, T., 
Sham, P.C., Frangou, S., & Murray, R.M. (2004). Mismatch negativity in schizophrenia: A 
family study. Schizophrenia Research, 67(11, 1-10. 

Brebion, G., Amador, X., Smith, M.J., & Gorman, J.M. (1998). Memory impairment 
and schizophrenia: the role of processing speed. Schizophrenia Research, 30. 31-39. 

Brebion, G., Bressan, R.A., Amador, X., Malaspina, D., & Gorman, J.M. (2004). 
Medications and verbal memory impairment in schizophrenia: The role of anticholinergic 
drugs. Psychological Medicine, 34, 369-374. 

Breitmeyer, B.G. (1984). Visual masking: An integrative approach. NY: Oxford 
University Press. 

Breitmeyer, B.G. & Ganz, L. (1976). Implications of sustained and transient channels 
for theories of visual pattern masking, saccading suppression, and information processing. 
Psychological Review, 83, 1-36. 

Broadbent, D.E. (1958). Perception and Communication. London: Pergamon Press. 

Broadbent, D.E. (1977). Stimulus set and response set: Two kinds of selective 
attention. In D.I. Mostofsky (Ed). Attention: Contemporary Theory and Analysis. New York: 
Appleton-Century-Crofts. 

Brockhaus-Dumke, A., Tendolkar, I., Pukrop, R., Schultze-Lutter, F., Klosterkotter, 
J., & Ruhrmann, S. (2005). Impaired mismatch negativity generation in prodromal subjects 
and patients with schizophrenia. Schizophrenia Research, 73, 297-310. 



Nicotine and schizophrenia 169 

Brody, A.L., Olmstead, R.E., London, E.D., Farahi, J., Meyer, J.H., Grossman, P., 
Lee, G.S., Huang, J., Hahn, E.L., Mandelkern, M.A. (2004). Smoking-induced ventral 
striatum dopamine release. American Journal of Psychiatry, 161(7), 1211-1218. 

Bruder, G.E. (1995). Cerebral laterality and psychopathology: perceptual and event-
related potential asymmetries in affective and schizophrenic disorders. In R.J. Davidson, & 
K. Hugdahl, (Eds.), Brain asymmetry, (pp. 123-156). Cambridge, MA: MIT Press. 

Bruder, G., Kayser, J., Tenke, C , Amador, X., Friedman, M., Sharif, Z., & Gorman, 
J. (1999). Left temporal lobe dysfunction in schizophrenia: Event-related potential and 
behavioral evidence from phonetic and tonal dichotic listening tasks. Archives of General 
Psychiatry. 56, 267-376. 

Buchsbaum, M.S., Nuechterlein, K.H., Haier, R.J., Wu, J., Sicotte, N., Hazlett, E., 
Asarnow, R., Potkin, S., & Guich, S. (1990). Glucose metabolic rate in normals and 
schizophrenics during the Continuous Peformance Test assessed by positron emission 
tomography. British Journal of Psychiatry, 156, 216-227. 

Buckley, P.F. (2003). Aripiprazole: Efficacy and tolerability profile of a novel-acting 
atypical antipsychotic. Drugs Today, 39(2), 145-151. 

Bustini, M., Stratta, P., Daneluzzo, E., Pollice, R., Prosperini, P., & Rossi, A. (1999). 
Tower of Hanoi and WCST performance in schizophrenia: Problem-solving capacity and 
clinical correlates. Journal of Psychiatric Research, 33.285-290. 

Butler, P.D., DeSanti, L.A., Maddox, J., Harkavy-Friedman, J.M., Amador, X.F., 
Goetz, R.R., Javitt, D.C., & Gorman, J.M. (2002). Visual backward-masking deficits in 
schizophrenia: Relationship to visual pathway function and symptomatology. Schizophrenia 
Research. 59. 199-209. 

Cadenhead, K.S., & Braff, D.L. (2000). Information processing and attention in 
schizophrenia: Clinical and functional correlates and treatment of cognitive impairment. In T. 
Sharma & P. Harvey (Eds.), Cognition in Schizophrenia: Impairments. Importance, and 
Treatment Strategies, (pp. 92-106). Oxford, UK: Oxford University Press. 

Cadenhead, K.S., Swerdlow, N.R., Shafer, K.M., Diaz, M., & Braff, D.L. (2000). 
Modulation of the startle response and startle laterality in relatives of schizophrenic patients 
and in subjects with schizotypal personality disorder: Evidence of inhibitory deficits. 
American Journal of Psychiatry. 157(10). 1660-1668. 

Calkins, M.E., & Iacono, W.G. (2000). Eye movement dysfunction in schizophrenia: 
A heritable characteristic for enhancing phenotype definition. American Journal of Medical 
Genetics. 97, 72-76. 



Nicotine and schizophrenia 170 

Callicott, J.H., Ramsey, N.F., & Tallent, K., Bertolino, A., Knable, M.B., Coppola, 
R., Goldberg, T., van Gelderen, P., Mattay, V.S., Frank, J.A., Moonen, C.T., & Weinberger, 
D.R. (1998). Functional magnetic resonance imaging brain mapping in psychiatry: 
methodological issues illustrated in a study of working memory in schizophrenia. 
Neuropsychopharmacology, 18, 186-196. 

Canadian Council for Tobacco Control. (2004). How have smoking rates changed in 
the last 30 years? Internet: www.cctc.ca/ Retrieved in October 2004. 

Carlsson, A., & Lindqvist, M. (1963). Effect of chlorpromazine or haloperidol on 
formation of 3-methoxytyramine and normetanephrine in mouse brain. Acta pharmacologica 
et toxicologica. 41. 140-144. 

Carpenter, W.T., Kirkpatrick, B., & Buchanan, R.W. (1999). Schizophrenia: 
Syndromes and diseases. Journal of Psychiatric Research, 33,473-475. 

Carter, C.S., Robertson, L.C., & Nordahl, T.E. (1992). Abnormal processing of 
irrelevant information in chronic schizophrenia: Selective enhancement of Stroop facilitation. 
Psychiatry Research. 41(2). 137-146. 

Carter, C.S., Robertson, L.C., Nordahl, T.E., O'Shora-Celaya, L.J., & Chaderjian, 
M.C. (1993). Abnormal processing of irrelevant information in schizophrenia: The role of 
illness subtype. Psychiatry Research. 48(1), 17-26. 

Catts, S.V., Shelley, A.M., Ward, P.B. Liebert, B., McConaghy, N., Andrews, S., & 
Michie, P.T. (1995). Brain potential evidence for an auditory sensory memory deficit in 
schizophrenia. American Journal of Psychiatry. 152(2). 213-219. 

Censits, D.M., Ragland, J.D., Gur, R.C., & Gur, R.E. (1997). Neuropsychological 
evidence supporting a neurodevelopmental model of schizophrenia: a longitudinal study. 
Schizophrenia Research, 24, 289-298. 

Chapman, J., & McGhie, A. (1962). A comparative study of disordered attention in 
schizophrenia. Journal of Mental Science, 108, 487-500. 

Cohen, J.D., Barch, D.M., Carter, C , & Servan-Schreiber, D. (1999). Context-
processing deficits in schizophrenia: Converging evidence from three theoretically motivated 
cognitive tasks. Journal of Abnormal Psychology, 108(1), 120-133. 

Cohen, J.D. & Servan-Schreiber, D. (1992). Context, cortex and dopamine: A 
connectionist approach to behavior and biology in schizophrenia. Psychological Review, 99, 
45-77. 

http://www.cctc.ca/


Nicotine and schizophrenia 171 

Connolly, J.F., Gruzelier, J.H., Manchanda, R., & Hirsch, S.R. (1983). Visual evoked 
potentials in schizophrenia: Intensity effects and hemispheric asymmetry. British Journal of 
Psychiatry, 143, 152-155. 

Cooper, R., Osselton, J.W., & Shaw, J.C. (1969). EEG Technology. 2nd ed. London: 
Butterworths. 

Courchesne, E., Hillyard, S.A., & Galambos, R. (1975). Stimulus novelty, task 
relevance and the visual evoked potential in man. Electroencephalography and Clinical 
Neurophysiology, 39, 131-143. 

Cowan, N. (1995). Attention and Memory: An Integrated Framework. Oxford: Oxford 
University Press. 

Cowan, N., Winkler, I., Teder, W., & Naatanen, R. (1993). Memory prerequisites of 
the mismatch negativity in the auditory event-related potential (ERP). Journal of 
Experimental Psychology,: Learning, Memory, and Cognition, 19, 909-921. 

Coyle, J.T. (1996). The glutamate dysfunction hypothesis for schizophrenia. Harvard 
Review of Psychiatry, 52, 241-253. 

Cragg, S.J. (2006). Meaningful silences: How dopamine listens to the ACh pause. 
Trends in Neuroscience, 29,125-131. 

Creese, I., Burt, D.R., & Snyder, S.H. (1976). Dopamine receptor binding predicts 
clinical and pharmacological potencies of antischizophrenic drugs. Science, 19, 481-483. 

Crow, T.J. (1997). Schizophrenia as failure of hemispheric dominance for language. 
Trends in Neuroscience, 20, 339-343. 

Czigler, I., Balazs, L., & Pato, L.G. (2004). Visual change detection: Event-related 
potentials are dependent on stimulus location in humans. Neuroscience Letters, 364, 149-153. 

Daffner, K.R., Mesulam, M.M., Holcomb, P.J., Calvo, V., Acar, D., Chabrerie, A., 
Kikinis, R., Jolesz, F.A., Rentz, D.M., & Scinto, L.F. (2000). Disruption of attention to novel 
events after frontal lobe injury in humans. Journal of Neurology, Neurosurgery and 
Psychiatry. 68.18-24. 

Daniel, D.G., Zimbroff, D.L., Potkin, S.G., Reeves, K.R., Harrigan, E.P., & 
Lakshminarayanan, M. (1999). Ziprasidone 80 mg/day and 160 mg/day in the acute 
exacerbation of schizophrenia and schizoaffective disorder: a 6-week placebo-controlled trial. 
Neuropsvchopharmacologv. 20,491-505. 

Davies, N., Russell, A., Jones, P., & Murray, R.M. (1998). Which characteristics of 
schizophrenia predate psychosis? Journal of Psychiatric Research, 32, 121-131. 



Nicotine and schizophrenia 172 

Davis, K.L., Kahn, R.S., Ko, G., & Davidson,, M. (1991). Dopamine in 
schizophrenia: A review and reconceptualization. American Journal of Psychiatry, 148, 1474-
1486. 

de Leon, J., Dadvand, M., Canuso, C , White, A.O., Stanilla, J.K., & Simpson, G.M. 
(1995). Schizophrenia and smoking: An epidemiological survey in a state hospital. American 
Journal of Psychiatry. 152(3). 453-455. 

Demiralp, T., Ucok, A., Devrim, M., Isoglu-Alkac, Tecer, A., & Polich, J. (2002). N2 
and P3 components of event-related potential in first-episode schizophrenic patients: Scalp 
topography, medication, and latency effects. Psychiatry Research, 111, 167-179. 

Depatie, L., O'Driscoll, G.A., Holahan, A.-L. V., Atkinson, V., Thavundayil, J.X., 
Kin, N.N.Y., & Lai, S. (2002). Nicotine and behavioral markers of risk for schizophrenia: A 
double-blind, placebo-controlled, cross-over study. Neuropsychopharmacologv, 27(6), 1056-
1070. 

Devrim-Ucok, M., Keskin-Ergen, Y., & Ucok, A. (2006). Novelty P3 and P3b in first-
episode schizophrenia and chronic schizophrenia. Progress in Neuro-Psychopharmacologv 
and Biological Psychiatry. 30. 1426-1434. 

Dewa, C.S., Remington, G., Herrmann, N., Fearnley, J., & Goering, P. (2002). How 
much are atypical antipsychotic agents being used, and do they reach the populations who 
need them? Clinical Therapeutics. 24(9). 1466-1476. 

Dickerson, F., Boronow, J.J., Ringel, N., & Parente, F. (1999). Social functioning and 
neurocognitive deficits in outpatients with schizophrenia: a 2-year follow-up. Schizophrenia 
Research. 37(1). 13-20. 

Dikeos, D.G. (2001). The genetics of schizophrenia. In K. Miyoshi, CM. Shapiro, M. 
Gaviria, & Y. Morita (Eds.). Contemporary Neuropsychiatry, (pp. 279-284). New York: 
Springer. 

Diwan, A., Castine, M., Pomerleau, C.S., Meador-Woodruff, J.H., & Dalack, G.W. 
(1998). Differential prevalence of cigarette smoking in patients with schizophrenic vs mood 
disorders. Schizophrenia Research, 33,113-118. 

Doeller, C.F., Opitz, B., Mecklinger, A., Krick, C, Reith, W., & Schroger, E. (2003). 
Prefrontal cortex involvement in preattentive auditory deviance detection: Neuroimaging and 
electrophysiological evidence. Neurolmage, 20(2), 1270-1282. 

Domino, E.F., Mirzoyan, D., & Tsukada, H. (2004). JV-methyl-D-aspartate antagonists 
as drug models of schizophrenia: A surprising link to tobacco smoking. Progress in Neuro-
Psychopharmacologv and Biological Psychiatry, 28, 801-811. 



Nicotine and schizophrenia 173 

Donohoe, G., & Robertson, I.H. (2003). Can specific deficits in executive functioning 
explain the negative symptoms of schizophrenia? A review. Neurocase, 9(2), 97-108. 

Downar, J., Crawley, A.P., Mikulis, D.J., & Davis, K.D. (2000). A multimodal 
cortical network for the detection of changes in the sensory environment. Nature 
Neuroscience, 3,277-283. 

Driver, J., & Baylis, G.C. (1991). Target-distractor separation and feature integration 
in visual attention to letters. Acta Psychologica, 76, 101-119. 

Dudek, S.Z. (1969). Intelligence, psychopathology, and primary thinking disorder in 
early schizophrenia. Journal of Nervous and Mental Disease, 148, 515-527. 

Duncan, J. (1984). Selective attention and the organization of visual information. 
Journal of Experimental Psychology: General, 113. 501-517. 

Dunne, M.P., MacDonald, D., & Hartley, L.R. (1986). The effects of nicotine upon 
memory and problem solving performance. Physiology and Behavior. 37, 849-854. 

Egeland, J., Rund, B.R., Sundet, K., Landra, N.I., Asbjornsen, A., Lund, A., Roness, 
A., Stordal, K..L, & Hugdahl, K. (2003). Attention profile in schizophrenia compared with 
depression: differential effects on processing speed, selective attention and vigilance. Acta 
Psychiatrica Scandinavica. 108. 276-284. 

Elvevag, B. & Goldberg, T.E. (2000). Cognitive impairment in schizophrenia is the 
core of the disorder. Critical Review in Neurobiology, 14(1). 1-21. 

Engeland, C , Mahoney, C , Mohr, E., Ilivitsky, V., & Knott, V.J. (2002). Acute 
nicotine effects on auditory sensory memory in tacrine and nontreated patients with 
Alzheimer's disease. An event-related potential study. Pharmacology, Biochemistry and 
Behavior. 72, 457-464. 

Escera, C , Alho, K., Schroger, E., & Winkler, I. (2000). Involuntary attention and 
distractibility as evaluated with event-related brain potentials. Audiology and Neuro-Otology. 
5,151-166. 

Escera, C , Alho, K., Winkler, I., & Naatanen. (1998). Neural mechanisms of 
involuntary attention to acoustic novelty and change. Journal of Cognitive Neuroscience. 10 . 
590-604. 

Escera, C , Corral, M.-J., & Yago, E. (2002). An electrophysiological and behavioral 
investigation of involuntary attention towards auditory frequency, duration and intensity 
changes. Cognitive Brain Research, 14, 325-332. 



Nicotine and schizophrenia 174 

Escera, C, & Grau, C. (1996). Short-term replicability of the mismatch negativity. 
Electroencephalography and Clinical Neurophysiology, 100, 549-554. 

Escera, C , Yago, E., & Alho, K. (2001). Electrical responses reveal the temporal 
dynamics of brain events during involuntary attention switching. European Journal of 
Neuroscience. 14(5), 877-883. 

Everett, J., LaPlante, L., & Thomas, J. (1989). The selective attention deficit in 
schizophrenia: Limited resources or cognitive fatigue. Journal of Nervous and Mental 
Disease. 177,735-738. 

Fabiani, M., Gratton, G., & Coles, M.G.H. (2000). Event-related brain potentials: 
Methods, theory, and applications. In J.T. Cacioppo, L.G. Tassinary, & G.G. Berntson, 
(Eds.), Handbook of Psychophysiology. (pp. 53-84). New York: Cambridge University Press. 

Fan, J., McCandliss, B.D., Sommer, T., Raz, A., & Posner, M.I. (2002). Testing the 
efficiency and independence of attentional networks. Journal of Cognitive Neuroscience. 14. 
340-347. 

Feyerabend, C , Ings, R.M., & Russel, M.A. (1985). Nicotine pharmacokinetics and 
its application to intake from smoking. British Journal of Clinical Pharmacology. 19, 239-
247. 

Fleck, K.M., & Polich, J. (1988). P300 and the menstrual cycle. Electroencephalo­
graphy and Clinical Neurophysiology, 71. 157-160. 

Forchuk, C , Norman, R., Malla, A., Martin, M.-L.., McLean, T., Cheng, S., Diaz, K., 
Mcintosh, E., Rickwood, A., Vos, S., & Gibney, C. (2002). Schizophrenia and the motivation 
for smoking. Perspectives in Psychiatric Care, 38(2), 41-49. 

Ford, J.M. (1999). Schizophrenia: The broken P300 and beyond. Psychophysiology, 
36, 667-682. 

Ford, J.M., Krystal, J.H., & Mathalon, D.H. (2007). Neural synchrony in 
schizophrenia: From networks to new treatments. Schizophrenia Bulletin, 33(4), 848-852. 

Ford, J.M., White, P.M., Csernansly, J.G., Faustman, W.O., Roth, W.T., & 
Pfefferbaum, A. (1994). ERPs in schizophrenia: Effects of antipsychotic medication. 
Biological Psychiatry, 36, 153-170. 

Foucher, J.R., Lacambre, M., Pham, B.-T., Giersch, A., & Elliott, M.A. (2007). Low 
time resolution in schizophrenia: Lengthened windows of simultaneity for visual, auditory 



Nicotine and schizophrenia 175 

Foucher, J.R., & Luck, D. (2006). Psychosis related to neurological conditions: Pros 
and cons of the dis/mis-connectivity models of schizophrenia. Dialogues in Clinical 
Neuroscience. 8( 1), 17-27. 

Foulds, J., Stapleton, J., Swettenham, J., Bell, N., McSorley, K., & Russell, M.A.H. 
(1996). Cognitive performance effects of subcutaneous nicotine in smokers and never-
smokers. Psychopharmacology, 127,31-38. 

Foxe, J.J., & Doniger, G.M., & Javitt, D.C. (2001). Early visual processing deficits in 
schizophrenia: Impaired PI generation revealed by high-density electrical mapping. 
Neuroreport. 12(17). 3815-20. 

Frangou, S., Sharma, T., Alarcon, G., Sigmudsson, T., Takei, N., Binnie, C , & 
Murray, R.M. (1997). The Maudsley family study, II: Endogenous event-related potentials in 
familial schizophrenia. Schizophrenia Research. 23(1). 45-53. 

Freedman, R. (2003). Schizophrenia. New England Journal of Medicine. 349, 1738-
1749. 

Freedman, R., Hall, M., Adler, L.E., & Leonard, S. (1995). Evidence in postmortem 
brain tissue for decreased numbers of hippocampal nicotinic receptors in schizophrenia. 
(1995). Biological Psychiatry. 38.22-33. 

Freedman, R., Olincy, A., Buchanan, R.W., Harris, J.G., Gold, J.M., Johnson, L., 
Allensworth, D., Guzman-Bonilla, A., Clement, B., Ball, M.P., Kutnick, J., Pender, V., 
Martin, L.F., Stevens, K.E., Wagner, B.D., Zerbe, G.O., Soti, F., Kern, W.R. (2008). Initial 
Phase 2 trial of a nicotinic agonist in schizophrenia. American Journal of Psychiatry, Apr. 1, 
Epub ahead of print. 

Friedman, D., Cycowicz, Y.M., & Gaeta, H. (2001). The novelty P3: An event-related 
brain potential (ERP) sign of the brain's evaluation of novelty. Neuroscience and 
Biobehavioral Reviews, 25. 355-373. 

Friedman, J., Horvath, T., & Meares, R. (1974). Tobacco smoking and a stimulus 
barrier. Nature. 248. 455-456. 

Friedman, M.S., Bruder, G.E., Nestor, P.G., Stuart, B.K., Amador, X.F., & Gorman, 
J.M. (2001). Perceptual asymmetries in schizophrenia: Subtype differences in left hemisphere 
dominance for dichotic fused words. American Journal of Psychiatry. 158(9). 1437-1440. 

Friston, K., & Frith, C. (1995). Schizophrenia: A disconnection syndrome? Clinical 
Neuroscience, 3, 89-97. 

Frith, CD. (1992). The Cognitive Neuropsychology of Schizophrenia. East Sussex, 
UK: Lawrence Earlbaum. 



Nicotine and schizophrenia 176 

Frodl, T., Meisenzahl, E., Muller, D., Greiner, J., Juckel, G., Leinsinger, G., Hahn, H., 
& Hegerl, U. (2001). Corpus callosum and P300 in schizophrenia. Schizophrenia Research, 
49, 107-120. 

Gaeta, H., Friedman, D., Ritter, W., & Cheng, J.E. (2001). An event-related potential 
evaluation of involuntary attentional shifts in the young and elderly. Psychol Aging, 16, 55-
68. 

Garver, D.L. (1997). The etiologic heterogeneity of schizophrenia. Harvard Review of 
Psychiatry. 4(6). 317-327. 

Gearon, J.S., Kaltman, S.I., Brown, & C, Bellack, A.S. (2003). Traumatic life events 
and PTSD among women with substance use disorders and schizophrenia. Psychiatric 
Services, 54, 523-528. 

George, T.P., Vessicchio, J.C., Termine, A., Sahady, D.M., Head, C.A., Pepper, W.T., 
Kosten, T.R., & Wexler, B.E. (2002). Effects of smoking abstinence on visuospatial working 
memory function in schizophrenia. Neuropsychopharmacology, 26. 75-85. 

Gilbert, D.G., & Gilbert, B.O. (1995). Personality, psychopathology, and nicotine 
response as mediators of the genetics of smoking. Behavior Genetics. Vol. 25(2), 133-147. 

Gilbert, D.G., Izetelny, A., Radtke, R., Hammersley, J., Rabinovich, N.E., Jameson, 
T.R., & Huggenvik, J.I. (2005). Dopamine receptor (DRD2) genotype-dependent effects of 
nicotine on attention and distraction during rapid visual information processing. Nicotine and 
Tobacco Research, 7, 361-379. 

Glynn, S., & Sussman, S. (1990). Why patients smoke. Hospital and community 
psychiatry. 41, 1027-1028. 

Gold, S., Arndt, S., Nopoulos, P., O'Leary, D.S., & Andreasen, N. (1999). 
Longitudinal study of cognitive function in first-episode and recent-onset schizophrenia. 
American Journal of Psychiatry, 156, 1342-1348. 

Goldberg, T.E., Gold, J.M., Greenberg, R., & Griffin, S. (1993). Contrasts between 
patients with affective disorders and patients with schizophrenia on a neuropsychological test 
battery. American Journal of Psychiatry, 150, 1355-1362. 

Goldberg, T.E., & Weinberger, D.R. (1995). A case against subtyping in 
schizophrenia. Schizophrenia Research. 17. 147-152. 

Golding, J.F. (1988). Effects of cigarette smoking on resting EEG, visual evoked 
potentials and photic driving. Pharmacology, Biochemistry and Behavior. 29.23-32. 



Nicotine and schizophrenia 177 

Goldman, R.S., Axeirod, B.N., Tandon, R., Ribeiro, S.C., Craig, K., & Berent, S. 
(1993). Neuropsychological prediction of treatment efficacy and one-year outcome in 
schizophrenia. Psvchopathology, 26(3-4), 122-126. 

Goldman-Rakic, P.S. (1991). Prefrontal cortical dysfunction in schizophrenia: The 
relevance of working memory. In B. Carroll (Ed.). Psychopathology and the Brain, (pp. 1-
22). New York: Raven Press. 

Goldman-Rakic, P.S. (1994). Working memory dysfunction in schizophrenia. Journal 
of Neuropsychiatry and Clinical Neuroscience, 64, 348-357. 

Goldman-Rakic, P.S., Muly, E.C., III, E.C., & Williams, G.V. (2000). D(l) receptors 
in prefrontal cells and circuits. Brain Research. Brain Research Reviews. 31. 295-301. 

Goldstein, G., & Shemansky, W.J. (1995). Influences on cognitive heterogeneity in 
schizophrenia. Schizophrenia Research, 18, 59-69. 

Gomes, H., Barrett, S., Duff, M , Barnhardt, J., & Ritter, W. (2008). The effects of 
interstimulus interval on event-related indices of attention: An auditory selective attention 
test of perceptual load theory. Clinical Neurophysiology, 199, 542-555. 

Gooding, D.C., Braun, J.G., & Studer, J.A. (2006). Attentional network task 
performance in patients with schizophrenia-spectrum disorders: Evidence of a specific 
deficit. Schizophrenia Research. 88. 169-178. 

Gottesman, I.I., & Gould, T.D. (2003). The endophenotype concept in psychiatry: 
Etymology and strategic intentions. American Journal of Psychiatry. 160, 636-645. 

Gottesman, I.I., & Shields, J. (1973). Genetic theorizing and schizophrenia. British 
Journal of Psychiatry, 122, 15-30. 

Gotti, C , & Clementi, F. (2004). Neuronal nicotinic receptors: From structure to 
pathology. Progress in Neurobiology. 74. 363-396. 

Grapperon, J., & Delage, M. (1999). Test de Stroop et schizophrenic L'Encephale, 
25(1), 50-58. 

Green, M.F. (1996). What are the functional consequences of neurocognitive deficits 
in schizophrenia? American Journal of Psychiatry. 153(3). 321-330. 

Green, M.F. (1998). Schizophrenia from a Neurocognitive Perspective: Probing the 
Impenetrable Darkness. Boston: Allyn and Bacon. 

Green, M.F. (2000). Neurocognitive deficits and functional outcome in schizophrenia: 
Are we measuring the "right stuff? Schizophrenia Bulletin. 26. 119-136. 



Nicotine and schizophrenia 178 

Green, M.F. (2001). Schizophrenia Revealed: From Neurons to Social Interactions. 
New York: W.W. Norton. 

Green, M.F., Hugdahl, K., & Mitchell, S. (1994). Dichotic listening during auditory 
hallucinations in patients with schizophrenia. American Journal of Psychiatry, 151, 357-362. 

Green, M.F., Mintz, J., Bowen, L., Marshall, B.D. Jr, Kuehnel, T.G., Hayden, J.L., & 
Liberman, R.P. (1993). Prediction of response to haloperidol dose reduction by Span of 
Apprehension measures for treatment-refractory schizophrenic patients. American Journal of 
Psychiatry, 150(9), 1415-1416. 

Green, M.F., & Nuechterlein, K.H. (1999). Backward masking performance as an 
indicator of vulnerability to schizophrenia. Acta Psychiatrica Scandinavica Supplementum, 
395, 34-40. 

Green, M.F., Nuechterlein, K.H., Breitmeyer, B., Tsuang, J., & Mintz, J. (2003). 
Forward and backward visual masking in schizophrenia: Influence of age. Psvcholoeical 
Medicine. 33(5), 887-895. 

Green, M., & Walker, E. (1986). Attentional performance in positive- and negative-
symptom schizophrenia. Journal of Nervous and Mental Disease. 174(4). 208-213. 

Grillon, C , Courchesne, E., Ameli, R., Geyer, M.A., & Braff, D.L. (1990). Increased 
distractibility in schizophrenic patients. Archives of General Psychiatry, 47, 171-179. 

Groenen, P., Snik, A., van der Broek, P. (1996). On the clinical relevance of 
mismatch negativity: Results from subjects with normal hearing and cochlear implant users. 
Audiology and Neuro-Otology, 1,112-124. 

Gronwall, D.M.A. (1977). Paced Auditory Serial Addition Task: A measure of 
recovery from concussion. Perceptual and Motor Skills, 44, 367-373. 

Grzella, I., Muller, B.W., Oades, R.D., Bender, S., Schall, U., Zerbin, D., Wolstein, J., 
& Sartory, G. (2001). Novelty-elicited mismatch negativity in patients with schizophrenia on 
admission and discharge. Journal of Psychiatry and Neuroscience, 26(3), 235-246. 

Guan, Z.Z., Zhang, X., Blennow, K., & Nordberg, A. (1999). Decreased protein level 
of nicotinic receptor a 7 subunit in the frontal cortex from schizophrenic brain. NeuroReport, 
10,1779-1782. 

Guillin, O., Abi-Dargham, A., & Laruelle, M. (2007). Neurobiology of dopamine in 
schizophrenia. Intrenational Review of Neurobiology, 78, pp. 1-39. 



Nicotine and schizophrenia 179 

Gur, R.E., McGrath, C , Chan, R.M., Schroeder, L., Turner, T., Turetsky, B.I., Kohler, 
C , Alsop, D., Maldjian, J., Ragland, J.D., & Gur, R.C. (2002). An fMRI study of facial 
emotion processing in patients with schizophrenia. American Journal of Psychiatry, 159(12), 
1992-1999. 

Gurpegui, M., Martinez-Ortega, J.M., Aguilar, M.C., Diaz, F.J., Quintana, H.M., & de 
Leon, J. (2005). Smoking initiation and schizophrenia: A replication study in a Spanish 
sample. Schizophrenia Research, 76,113-118. 

Guterman, Y., & Klein, E. (1992). The role of head movement and pinnae in auditory 
localization in schizophrenia. Schizophremia Research, 6,67-73. 

Guy, W. (1976). Clinical Global Impressions. ECDEU Assessment Manual for 
Psvchopharmacology. Revised, (pp. 218-222). (DHEW Publication No. ADM 76-338). 
Rockville, MD: National Institute of Mental Health. 

Haarer, M., & Polich, J. (2000). P3a assessment of tobacco smoking in "chippers" and 
"smokers." Psychophysiology, 37, S45. 

Haenschel, C, Bittner, R.A., Haertling, F., Rotarska-Jagiela, A., Maurer, K., Singer, 
W., & Linden, D.E. (2007). Contribution of impaired early-stage visual processing to 
working memory dysfunction in adolescents with schizophrenia: A study with event-related 
potentials and functional magnetic resonance imaging. Archives of General Psychiatry, 
64(11), 1229-1240. 

Hagen, G.F., Gatherwright, J.R., Lopez, B.A., & Polich, J. (2006). P3 from visual 
stimuli: Task difficulty effects. International Journal of Psychophysiology. 59, 8-14. 

Halgren, E., Marinkovic, K., & Chauvel, P. (1998). Generators of the late cognitive 
potentials in auditory and visual oddball tasks. Electroencephalography and Clinical 
Neurophysiology, 106, 156-164. 

Hanewinkel, R., & Ferstl, R. (1996). Effects of modality shift and motor response 
shift on simple reaction time in schizophrenia patients. Journal of Abnormal Psychology. 
105(3). 459-463. 

Hannerz, H., Borga, P., & Borritz, M. (2001). Life expectancies for individuals with 
psychiatric diagnoses. Public Health. 115(5), 328-337. 

Hansen, J.C., & Hillyard, S.A. (1980). Endogenous brain potentials associated with 
selective auditory attention. Electroencephalography and Clinical Nuerophysiology, 49,277-
290. 

Hansen, J.C., & Hillyard, S.A. (1983). Selective attention to multidimensional 
auditory stimuli. Journal of Experimental Psychology: Human Perception Performance, 9, 1-
19. 



Nicotine and schizophrenia 180 

Hansenne, M. (2000). Le potentiel evoque cognitif P300 (II): variability 
interindividuelle et application clinique en psychopathologie. Neurophysiologie Clinique. 
30(4). 211-231. 

Harkrider, A.W., & Hedrick, M.S. (2005). Acute effect of nicotine on auditory gating 
in smokers and non smokers. Hearing Research. 202. 114-128. 

Harrison, G., Hopper, K., Craig, T., Laska, E., Siegel, C , Wanderling, J., Dube, K.C., 
Ganev, K.., Giel, R., An Der Heiden, W., Holmberg, S.K., Janca, A., Lee, P.W.H., Leon, 
C.A., Malhotra, S., Marsella, A.J., Nakane, Y., Sartorius, N., Shen, Y., Skoda, C , Thara, R., 
Tsirkin, S.J., Varma, V.K., Walsh, D., & Wiersma, D. (2001). Recovery from psychotic 
illness: A 15- and 25-year international follow-up study. British Journal of Psychiatry, 178, 
506-517. 

Harrison, P.J. (1999). The neuropathology of schizophrenia: A critical review of the 
data and their interpretation. Brain, 122, Part 4. 593-624. 

Harrison, P.J., & Weinberger, D.R. (2005). Schizophrenia genes, gene expression, 
and neuropathology: On the matter of their convergence. Molecular Psychiatry, 10( 1). 40-68. 

Hartman, M., Steketee, M.C., Silva, S., Laning, K., & Andersson, C. (2003). 
Wisconsin Card Sorting Test performance in schizophrenia: The role of working memory. 
Schizophrenia Research, 63, 201-217. 

Harvey, P.D., Earle-Boyer, E.A., & Levinson, J.C. (1986). Distractibility and 
discourse failure: Their association in mania and schizophrenia. Journal of Nervous and 
Mental Disease. 174. 274-279. 

Harvey, P.D., Lombardi, J., Leibman, M., White, L., Parrella, M., Powchik, P., & 
Davidson, M. (1996). Cognitive impairment and negative symptoms in geriatric chronic 
schizophrenia patients: a follow-up study. Schizophrenia Research, 22. 223-231. 

He, J. (1998). Long-latency neurons in auditory cortex involved in temporal 
integration: Theoretical analysis of experimental data. Hearing Research, 121, 147-160. 

Health Canada. (2004). A Report on Mental Illnesses in Canada. Internet: 
http://wvvw.hc-sc.uc.ca/pphb-duspsp/publicat/miic-mmac/sum e.html Retrieved October 
2004. 

Health Canada, Tobacco Control Programme. (2004). Tobacco Control Programme, 
Health Canada, Supplementary Tables, CTUMS, 2002 and 2003. Internet: http://www.hc-
sc.uc.ca/hecs-sesc/tobacco/research/ctums/ Retrieved October 2004. 

http://wvvw.hc-sc.uc.ca/pphb-duspsp/publicat/miic-mmac/sum
http://www.hc-
http://sc.uc.ca/hecs-sesc/tobacco/research/ctums/


Nicotine and schizophrenia 181 

Ileatherton, T.F., Kozlowski, L.T., Frecker, R.C., & Fagerstrom, K.O. (1991). The 
Fagerstrom Test for Nicotine Dependence: A revision of the Fagerstrom Tolerance 
Questionnaire. British Journal of Addiction, 86, 1119-1127. 

Heaton, R.K., Chelune, G.J., Talley, J., Kay, G.G., & Curtiss, G. (1993). Wisconsin 
Card Sorting Test Manual - Revised and Expanded. Odessa, FL: Psychological Assessment 
Resources. 

Heaton, R.K., Gladsjo, J.A., Barton, W.P., Kuck, J., Marcotte, T.D., & Jeste, D.V. 
(2001). Stability and course of neuropsychological deficits in schizophrenia. Archives of 
General Psychiatry. 58. 24-32. 

Heinrichs, R. (2005). The primacy of cognition in schizophrenia. American 
Psychologist. 1. 229-242. 

Heinrichs, R.W., & Zakzanis, K.K. (1998). Neurocognitive deficit in schizophrenia: 
A quantitative review of the evidence. Neuropsychology. 12(3). 426-445. 

Heishman, S.J. (1998). What aspects of human performance are truly enhanced by 
nicotine? Addiction. 93(3). 317-320. 

Heishman, S.J. (1999). Behavioral and cognitive effects of smoking: relationship to 
nicotine addiction. Nicotine and Tobacco Research. 1. Suppl 2. S143-S147. 

Heishman, S.J., & Henningfield, J.E. (2000). Tolerance to repeated nicotine 
administration on performance, subjective, and physiological responses in nonsmokers. 
Psychopharmacologv, 152(3), 321-333. 

Heishman, S.J., Snyder, F.R., & Henningfield, J.E. (1993). Performance, subjective, 
and physiological effects of nicotine in nonsmokers. Drug and Alcohol Dependence, 34, 11-
18. 

Heishman, S.J., Taylor, R.C., & Henningfield, J.E. (1994). Nicotine and smoking: A 
review of effects on human performance. Experimental and Clinical Psychopharmacologv, 
2(4). 345-395. 

Helmes, E., & Landmark, J. (2003). Subtypes of schizophrenia: A cluster analytic 
approach. Canadian Journal of Psychiatry, 48(10), 702-708. 

Henik, A., Carter, C.S., Salo, R., Chaderjian, M., Kraft, L., Nordahl, T.E., & 
Robertson, L.C. (2002). Attentional control and word inhibition in schizophrenia. Psychiatry 
Research. 110(2), 137-149. 

Henningfield, J., & Keenan, R. (1993). Nicotine delivery kinetics and abuse liability. 
Journal of Consulting and Clinical Psychology, 61(5), 743-750. 



Nicotine and schizophrenia 182 

Herran, A., de Santiago, A., Sandoya, M., Fernandez, M.J., Diez-Manrique, J.F., & 
Vazquez-Barquero, J.L. (2000). Determinants of smoking behaviour in outpatients with 
schizophrenia. Schizophrenia Research, 41, 373-381. 

Herz, M.I., & Marder, S.R. (2002). Schizophrenia: Comprehensive Treatment and 
Management. New York: Lippincott, Williams & Wilkins. 

Hillyard, S.A. (1993). Electrical and magnetic brain recordings: Contributions to 
cognitive neuroscience. Current Opinion in Neurobiology, 3. 217-224. 

Hillyard, S.A. & Anllo-Vento, L. (1998). Event-related brain potentials in the study of 
visual selective attention. Proceedings of the National Academy of Sciences, 95, 781-787. 

Hindmarch, I., Kerr, J.S., & Sherwood, N. (1990). Effects of nicotine gum on 
psychomotor performance in smokers and non-smokers. Psvchopharmacology, 100(4), 535-
541. 

Hirayasu, Y., Potts, G.F., O'Donnell, B.F., Kwon, J.S., Arakaki, H., Akdag, S.J., 
Levitt, J.J., Shenton, M.E., & McCarley, R.W. (1998). Auditory mismatch negativity in 
schizophrenia: Topographic evaluation with a high-density recording montage. American 
Journal of Psychiatry. 155. 1281-1284. 

Hoek, H.W., Brown, A.S., & Susser, E. (1998). The Dutch famine and schizophrenia 
spectrum disorders. Social Psychiatry and Psychiatric Epidemiology. 33. 373-379. 

Holmes, A.J., MacDonald, A., Carter, C.S., Barch, D.M., Stenger, V.A., & Cohen, 
J.D. (2005). Prefrontal functioning during context processing in schizophrenia and major 
depression: An event-related fMRI study. Schizophrenia Research. 76. 199-206. 

Houlihan, M.E., Pritchard, W.S., & Robinson, J.H. (2001). Effects of 
smoking/nicotine on performance and event-related potentials during a short-term memory 
scanning task. Psvchopharmacology, 156, 388-396. 

Hughes, C, Kumari, V., Soni, W., Das, M., Binneman, B., Drozd, S., O'Neil, S., 
Mathew, V., & Sharma, T. (2003). Longitudinal study of symptoms and cognitive function in 
chronic schizophrenia. Schizophrenia Research, 59,137-146. 

Hughes, J.R. (1986). Genetics of smoking: A review. Behavior Therapy, 17, 335-345. 

Hughes, J.R. & Hatsukami, D. (1986). Signs and symptoms of tobacco withdrawal. 
Archives of General Psychiatry, 43, 289-294. 

Hutton, S.B., Puri, B.K., Duncan, L.J., Robbins, T.W., Barnes, T.R.E., & Joyce, E.M. 
(1998). Executive function in first-episode schizophrenia. Psychological Medicine, 28, 463-
473. 



Nicotine and schizophrenia 183 

llan, A.B., & Polich, J. (1999). Tobacco smoking and memory scanning: Behavioral 
and event-related potential effects. Nicotine and Tobacco Research, 1.233-240. 

llan, A.B., & Polich, J. (2001). Tobacco smoking and event-related brain potentials in 
a Stroop task. International Journal of Psvchophysiology. 40, 109-118. 

Inami, R., Kirino, E., Inoue, R., & Arai, H. (2005). Transdermal nicotine 
administration enhances automatic auditory processing reflected by mismatch negativity. 
Pharmacology, Biochemistry and Behavior, 80, 453-461. 

Inami, R., Kirino, E., Inoue, R., Suzuki, T., & Arai, H. (2007). Nicotine effects on 
mismatch negativity in nonsmoking schizophrenic patients. Neuropsvchobiology. 56,64-72. 

Itkin, O., Nemets, B., & Einat, H. (2001). Smoking habits in bipolar and 
schizophrenic outpatients in southern Israel. Journal of Clinical Psychiatry, 62,269-272. 

Iwanami, A., Isono, H., Okajima, Y., Noda, Y., & Kamijima, K. (1998). Event-related 
potentials during a selective attention task with short interstimulus intervals in patients with 
schizophrenia. Journal of Psychiatry and Neuroscience, 23, 45-50. 

Jacobsen, L.K., D'Souza, D.C., Mencl, W.E., Pugh, K.R., Skudlarski, P., & Krystal, 
J.H. (2004). Nicotine effects on brain function and functional connectivity in schizophrenia. 
Biological Psychiatry. 55. 850-858. 

Jansma, J.M., Ramsey, N.F., Van Der Wee, N.J., & Kahn, R.S. (2004). Working 
memory capacity in schizophrenia: A parametric fMRI study. Schizophrenia Research, 68(2-
TL 159-171. 

Jasper, H.H. (1958). Report of the Committee on Methods of Clinical Examination in 
Electroencephalography. Electroencephalography and Clinical Neurophysiology, 10,370-
371. 

Javitt, D.C. (2000). Intracortical mechanisms of mismatch negativity dysfunction in 
schizophenia. Audiology and Neuro-Otologv. 5. 207-215. 

Javitt, D.C. (2007). Glutamate and schizophrenia: Phencyclidine, JV-methyl-D-
aspartate receptors, and dopamine-glutamate interactions. International Review of 
Neurobiology. 78. 69-108. 

Javitt, D.C, & Coyle, J.T. (2004). Decoding schizophrenia. Scientific American. 
290(1). 48-55. 



Nicotine and schizophrenia 184 

Javitt, D.C., Doneshka, P., Grochowski, S., & Ritter, W. (1995). Impaired mismatch 
negativity generation reflects widespread dysfunction of working memory in schizophrenia. 
Archives of General Psychiatry, 52(7), 550-558. 

Javitt, D.C., Doneshka, P., Zylberman, I., Ritter, W., & Vaughan, H.G. Jr. (1993). 
Impairment of early cortical processing in schizophrenia: An event-related potential 
confirmation study. Biological Psychiatry, 33(7), 513-519. 

Javitt, D.C., Grochowski, S., Shelley, A.M., & Ritter, W. (1998). Impaired mismatch 
negativity (MMN) generation in schizophrenia as a function of stimulus deviance, 
probability, and interstimulus/interdeviant interval. Electroencephalography and Clinical 
Neurophysiology. 108,143-153. 

Javitt, D.C., Shelley, A.M., & Ritter, W. (2000a). Associated deficits in mismatch 
negativity generation and tone matching in schizophrenia. Clinical Neurophysiology, 111, 
1733-1737. 

Javitt, D.C., Shelley, A.M., Silipo, G., & Lieberman, J.A. (2000b). Deficits in 
auditory and visual context-dependent processing in schizophrenia. Archives of General 
Psychiatry, 57,1131-1137. 

Javitt, D.C., Steinschneider, M., Schroeder, C.E., & Arezzo, J.C. (1996). Role of 
cortical n-methyl-D-aspartate receptors in auditory sensory memory and mismatch negativity 
generation: implications for schizophrenia. Proceedings of the National Academy of 
Sciences. 93, 11962-11967. 

Jeon, Y.-W. & Polich, J. (2003). Meta-analysis of P300 and schizophrenia: Patients, 
paradigms, and practical implications. Psychophysiologgy, 40. 684-701. 

Jessen, F., Fries, T., Kucharski, C , Nishimura, T., Hoenig, K., Maier, W., Falkai, P. 
& Heun, R. (2001). Amplitude reduction of the mismatch negativity in first-degree relatives 
of patients with schizophrenia. Neuroscience Letters. 309. 185-188. 

Johnson, R., Jr. (1995). Event-related potential insights into altered sensory and 
cognitive processing in dementia. In R. Johnson, Jr. & J.C. Baron (Eds.), Handbook of 
Neuropsychology. (Vol. 10) (pp. 242-267). New York: Elsevier. 

Johnston, V.S. & Wang, X.T. (1991). The relationship between menstrual phase and 
the P3 component of ERPs. Psychophysiology. 28. 400-409. 

Jones, S., Sudweeks, S., & Yakel, J.L. (1999). Nicotinic receptors in the brain: 
Correlating physiology with function. Trends in Neuroscience, 22, 555-561. 



Nicotine and schizophrenia 185 

Kahkonen, S., Ahveninen, J., Pekkonen, E., Kaakkola, S., Huttunen, J., Ilmoniemi, 
R.J., & Jaaskelainen, LP. (2002). Dopamine modulates involuntary attention shifting and 
reorienting: An electromagnetic study. Clinical Neurophysiology, 113, 1894-1902. 

Kahneman, D. (1973). Attention and Effort. Englewood Cliffs: Prentice-
Hall.Kareken, D.A., Gur, R.C., Mozley, P.D., Mozley, L.H., Saykin, A.J., Shtasel, D.L., & 
Gur, R.E. (1995). Cognitive functioning and neuroanatomic volume measures in 
schizophrenia. Neuropsychology, 9(2), 211-219. 

Kareken, D.A., Moberg, P.J., & Gur, R.C. (1996). Schizophrenia and interference in 
verbal memory. Journal of the International Neuropsychological Society, 2,486-493. 

Kasai, K., Nakagome, K., Hiramatsu, K.-L, Fukuda, M., Honda, M, & Iwanami, A. 
(2002). Psychophysiological index during auditory selective attention correlates with visual 
continuous performance test sensitivity in normal adults. International Journal of 
Psvchophysiology, 45. 211-225. 

Kasai, K., Okazawa, K., Nakagome, K., Hiramatsu, K.-L, Hata, A., Fukuda, M., 
Honda, M., Miyauchi, M., & Matsushita, M. (1999). Mismatch negativity and N2b 
attenuation as an indicator for dysfunction of the preattentive and controlled processing for 
deviance detection in schizophrenia: A topographic event-related potential study. 
Schizophrenia Research, 35, 141-156. 

Kassel, J.D. (1997). Smoking and attention: A review and reformulation of the 
stimulus-filter hypothesis. Clinical Psychology Review, 17(5). 451-478. 

Kassel, J.D., Stroud, L.R., & Paronis, C.A. (2003). Smoking, stress, and negative 
affect: Correlation, causation, and context across stages of smoking. Psychological Bulletin, 
129(2), 270-304. 

Kathmann, N., Wagner, M., Rendtorff, N., & Engel, R.R. (1995). Delayed peak 
latency of the mismatch negativity in schizophrenics and alcoholics. Biological Psychiatry, 
37, 754-757. 

Kaufman, D.A., & Trachenko, O.P. (1981). A study of interhemispheric asymmetry in 
schizophrenic individuals by a dichotic testing method. Human Physiology, 7.449-455. 

Kay, S.R., Opler, L.A., & Lindenmayer, J.P. (1988). Reliability and validity of the 
positive and negative syndrome scale for schizophrenics. Psychiatry Research. 23. 99-110. 

Kay, S.R., Opler, L.A., & Lindenmayer, J.P. (1989). The Positive and Negative 
Syndrome Scale (PANSS): Rationale and standardisation. British Journal of Psychiatry 
Supplement. Nov (7). 59-67. 



Nicotine and schizophrenia 186 

Kayser, J., Bruder, G.E., Tenke, C.E., Stuart, B.K., Amador, X.F., & Gorman, J.M. 
(2001). Event-related brain potentials (ERPs) in schizophrenia for tonal and phonetic oddball 
tasks. Biological Psychiatry, 49(10). 832-847. 

Keefe, R.S.E. (2000). Working memory dysfunction and its relevance to 
schizophrenia. In T. Sharma & P. Harvey (Eds.), Cognition in Schizophrenia: Impairments, 
Importance, and Treatment Strategies, (pp. 16-50). Oxford, UK: Oxford University Press. 

Keefe, R.S.E., Silva, S.G., Perkins, D.O., & Lieberman, J.A. (1999). The effects of 
atypical antipsychotic drugs on neurocognitive impairment in schizophrenia: a review and 
meta-analysis. Schizophrenia Bulletin, 25,201-222. 

Kelly, A.S., Purdy, S.C., & Thorne, P.R. (2005). Electrophysiological and speech 
perception measures of auditory processing in experienced adult cochlear implant users. 
Clinical Neurophysiology. 116, 1235-1246. 

Kerns, J.G., & Berenbaum, H. (2002). Cognitive impairments associated with formal 
thought disorder in people with schizophrenia. Journal of Abnormal Psychology, 111 (2), 
211-224. 

Kerr, J.S., Sherwood, N., & Hindmarch, I. (1991). Separate and combined effects of 
the social drugs on psychomotor performance. Psychopharmacology. 104.113-119. 

King, D.J. (1991). Psychomotor dysfunction in schizophrenia. In Steinhauer, S.R. 
(Ed.), Neuropsychology, Psvchophysiology and Information Processing, (pp. 273-301). 
Amsterdam: Elsevier. 

Kircher, T.J., Rapp, A., Grodd, W., Buchkremer, G., Weiskopf, N., Lutzenberger, W., 
Ackermann, H., & Mathiak, K. (2004). Mismatch negativity responses in schizophrenia: A 
combined fMRI and whole-head MEG study. American Journal of Psychiatry. 161. 294-304. 

Kirino, E., & Inoue, R. (1999). The relationship of mismatch negativity to 
quantitative EEG and morphological findings in schizophrenia. Journal of Psychiatric 
Research. 33, 445-456. 

Klimek, V., Zhu, M.Y., Dilley, G., Konick, L., Overholser, J.C., Meltzer, H.Y., May, 
W.L., Stockmeier, C.A., & Ordway, G.A. (2001). Effects of long-term cigarette smoking on 
the human locus coeruleus. Archives of General Psychiatry, 58, 821-827. 

Knable, M.B., & Weinberger, D.R. (1997). Dopamine, the prefrontal cortex and 
schizophrenia. Journal of Psychopharmacology, 11. 123-131. 

Knight, R.T. (1984). Decreased response to novel stimuli after prefrontal lesions in 
man. Electroencephalography and Clinical Neurophysiology. 59. 9-20. 



Nicotine and schizophrenia 187 

Knight, R.T., & Nakada, T. (1998). Cortico-limbic circuits and novelty: A review of 
EEG and blood flow data. Reviews in the Neurosciences. 9( 1). 57-70. 

Knight, R.T., Scabini, D., Woods, D.L., & Calyworth, C.C. (1989). Contributions of 
temporal-parietal junction to the human auditory P3. Brain Research, 502, 109-116. 

Knott, V.J. (1978). Smoking, EEG and input regulation in smokers and non-smokers. 
In R.E. Thornton (Ed.), Smoking Behaviour: Physiological and Psychological Influences. 
(pp.115-130). London: Churchill-Livingston. 

Knott, V.J. (1985). Tobacco effects on cortical evoked potentials to distracting 
stimuli. Neuropsychobiology, 13. 74-80. 

Knott, V.J. (1986). Tobacco effects on cortical evoked potentials to task stimuli. 
Addictive Behaviors. 11. 219-223. 

Knott, V. (1989). Brain event-related potentials (ERPs) in smoking performance 
research. In T. Ney & A. Gale (Eds.), Smoking and Human Behaviour, (pp. 93-114). 
Chichester, UK: John Wiley & Sons. 

Knott, V., Bosman, M., Mahoney, C, Ilivitsky, V., & Quirt, K. (1999). Transdermal 
nicotine: Single dose effects on mood, EEG, performance, and event-related potentials. 
Pharmacology, Biochemistry and Behavior, 63(2), 253-261. 

Knott, V.J., Kerr, C , Hooper, C, & Lusk-Mikkelsen, S. (1995). Cigarette smoking 
and event-related brain electrical potential (ERP) topographies associated with attentional-
distractive processes. In E.F. Domino (Ed.), Brain Imaging of Nicotine and Tobacco 
Smoking, (pp. 191-222). Ann Arbor, MI: NPP Books. 

Knott, V.J., Mohr, E., Mahoney, C , Engeland, C , & Ilivitsky, V. (2002). Effects of 
acute nicotine administration on cognitive event-related potentials in tacrine-treated and non-
treated patients with Alzheimer's disease. Neuropsychobiology. 45,156-160. 

Knott, V.J., Scherling, C.S., Blais, CM., Camarda, J., Fisher, D.J., Millar, A., & 
Mcintosh, J.F. (2006). Acute nicotine fails to alter event-related potential or behavioral 
performance indices of auditory distraction in cigarette smokers. Nicotine & Tobacco 
Research. 8(2), 263-273. 

Kodama, E., Morita, K., Kinoshita, S., Miyahira, A., Nakamura, J., & Maeda, H. 
(1998). Inhibitory effect of smoking on event-related potentials in schizophrenic patients: 
Comparison with healthy subjects. Progress in Neuro-Psvchopharmadology and Biological 
Psychiatry. 22. 1275-1288. 



Nicotine and schizophrenia 188 

Koelkebeck, K., Ohrmann, P., Hetzel, G., Arolt, V., & Suslow, T. (2005). Visual 
backward masking: Deficits in locating targets are specific to schizophrenia and not related to 
intellectual decline. Schizophrenia Research, 78, 261-268. 

Kogoj, A., Pirtosek, Z., Tomori, M, & Vodusek, D. (2005). Event-related potentials 
elicited by distractors in an auditory oddball paradigm in schizophrenia. Psychiatry research, 
15,49-59. 

Kok, A. (2001). On the utility of P3 amplitude as a measure of processing capacity. 
Psychophvsiology, 38, 557-577. 

Korostenskaja, M., Dapsys, K., Siurkute, A., Maciulis, V., Ruksenas, O., & 
Kahkonen, S. (2005). Effects of olanzapine on auditory P300 and mismatch negativity in 
schizophrenia spectrum disorders. Progress in Neuropsychopharmacology & Biological 
Psychiatry. 29, 543-548. 

Kraepelin, E. (1919). Dementia Praecox and Paraphrenia. Edinburgh: E. & S. 
Livingstone. 

Kraus, N., McGee, T.J., Carrell, T.D., Zecker, S.G., Nicol, T.G., & Koch, D.B. 
(1996). Auditory neurophysiologic response and discrimination deficits in children with 
learning problems. Science, 273, 971-973. 

Kraus, N., Micco, A., Koch, D., McGee, T., Carrell, T., Sharma, A., Wiet, R.J., & 
Weingarten, C.Z. (1993). The mismatch negativity cortical evoked potential elicited by 
speech in cochlear-implant users. Hearing Research, 65(1-2). 118-124. 

Kreitschmann-Andermahr, I., Rosburg, T., Meier, T., Volz, H.P., Nowak, H., & 
Sauer, H. (1999). Impaired sensory processing in male patients with schizophrenia: A 
magnetoencephalographic study of auditory mismatch detection. Schizophrenia Research, 35. 
121-129. 

Krystal, J.H., D'Souza, D.C., Mathalon, D., Perry, E., Belger, A., & Hoffman, R. 
(2003). NMDA receptor antagonist effects, cortical glutamatergic function , and 
schizophrenia: Toward a paradigm shift in medication development. Psychopharmacology, 
169,215-233. 

Krystal, J.H., Karper, L.P., Seibyl, J.P., Freeman, G.K., Delaney, R., Bremner, J.D., 
Heninger, G.R., Bowers, M.B., & Charney, D.S. (1994). Subanesthetic effects of the 
noncompetitive NMDA antagonist, ketamine, in humans: Psychotomimetic, perceptual, 
cognitive, and neuroendocrine responses. Archives of General Psychiatry, 51. 199-214. 

Kujala, T., Tervaniemi, M., & Schroger, E. (2007). The mismatch negativity in 
cognitive and clinical neuroscience: Theoretical and methodological considerations. 
Biological Psychology, 74. 1-19. 



Nicotine and schizophrenia 189 

Kumari, V., Soni, W., & Sharma, T. (2001). Influence of cigarette smoking on 
prepulse inhibition of the acoustic startle response in schizophrenia. Human 
Psvchopharmacology, 16, 321 -326. 

Kuperberg, G., & Heckers, S. (2000). Schizophrenia and cognitive function. Current 
Opinion in Neurobiology, 10. 205-210. 

Lahti, A.C., Weiler, M.A., Michaelidis, T., Parwani, A., & Tamminga, C.A. (2001). 
Effects of ketamine in normal and schizophrenic volunteers. Neuropsvchopharmacology, 25, 
455-467. 

Lang, H.A., Nyrke, T., Ek, M, Aaltonen, O., Raimo, I., Naatanen, R. (1990). Pitch 
discrimination performance and auditory event-related potentials. In Brunia, C.H.M., Gaillard 
A.W.K., Kok, A., Julder, G., & Verbaten, M.N., eds. Psychophysiological Brain Research, 
vol. 1, pp. 294-298. Tilburg, Netherlands: Tilburg University Press. 

Lasser, K., Boyd, J.W., Woolhandler, S., Himmelstein, D.U., McCormick, D., Bor, 
D.H. (2000). Smoking and mental illness: A population-based prevalence study. Journal of 
the Medical American Association, 284(20). 2606-2610. 

Laurens, K.R., Kiehl, K.A., Ngan, E.T.C., & Liddle, P.F. (2005). Attention orienting 
dysfunction during salient novel stimulus processing in schizophrenia. Schizophrenia 
Research, 75, 159-171. 

Lavie, N. (2005). Distracted and confused?: Selective attention under load. Trends in 
Cognitive Science, 9(2), 75-82. 

Lavie, N., Hirst, A., De Fockert, J.W., & Viding, E. (2004). Load theory of selective 
attention and cognitive control. Journal of Experimental Psychology, 133, 339-354. 

Lawrie, S.M., & Abukmeil, S.S. (1998). A systematic and quantitative review of 
volumetric magnetic resonance imaging studies. British Journal of Psychiatry, 172, 110-120. 

Lee, K.H., & Williams, L.M.. (2000). Eye movement dysfunction as a biological 
marker of risk for schizophrenia. Australia and New Zealand Journal of Psychiatry, 34 
(Suppl), S91-S100. 

Le Houezec, J., Halliday, R., Benowitz, N.L., Callaway, E., Naylor, AH., & Herzig, 
K. (1994). A low dose of subcutaneous nicotine improves information processing in non-
smokers. Psvchopharmacology, 114, 628-634. 

Lembreghts, M., & Timsit-Berthier, M. (1993). The value of cognitive 
psychophysiological studies in a comprehensive approach to schizophrenia (treament of 
information and attention capacities in acute-stage schizophrenia). Acta Psychiatrica Belgica, 
93,322-342. 



Nicotine and schizophrenia 190 

Leonard, S., Adler, L.E., Benhammou, K., Berger, R., Breese, C.R., Drebing, C , 
Gault, J., Lee, M.J., Logel, J., Olincy, A., Ross, R.G., Stevens, K., Sullivan, B., Vianzon, R., 
Virnich, D.E., Waldo, M., Walton, K., & Freedman, R. (2001). Smoking and mental illness. 
Pharmacology, Biochemistry and Behavior, 70, 561-570. 

Leonard, S., Breese, C, Adams, C , Benhammou, K., Gault, J., Stevens, K., Lee, M., 
Adler, L., Olincy, A., Ross, R., & Freedman, R. (2000). Smoking and schizophrenia: 
Abnormal nicotinic receptor expression. European Journal of Pharmacology, 393, 237-242. 

Lerman, C , & Niaura, R. (2002). Applying genetic approaches to the treatment of 
nicotine dependence. Oncogene, 21, 7412-7420. 

Leucht, S., Kane, J.M., Kissling, W., Hamann, J., Etschel, E., & Engel, R.R. (2005). 
What does the PANSS mean? Schizophrenia Research. 79. 231-238. 

Leung, A., & Chue, P. (2000). Sex differences in schizophrenia, a review of the 
literature. Acta Psvchiatrica Scandinavica Supplement. 410. 3-38. 

Levin, E.D., Conners, C.K., Silva, D., Hinton, S.C., Meek, W.H., March, J., Rose, 
J.E. (1998). Transdermal nicotine effects on attention. Psvchopharmacology. 140. 135-141. 

Levin, E.D., Wilson, W., Rose, J.E., & McEvoy, J. (1996). Nicotine-haloperidol 
interactions and cognitive performance in schizophrenics. Neuropsvchopharmacology, 15, 
429-436. 

Lewis, D.A., & Hashimoto, T. (2007). Deciphering the disease process of 
schizophrenia: The contribution of cortical GABA neurons. International Review of 
Neurobiology. 78. 109-131. 

Liddle, P.F. (1987). Schizophrenic syndromes, cognitive performance, and 
neurological dysfunction. Psychological Medicine, 17, 49-57. 

Lieberman, J.A., Kane, J.M., & Alvir, J. (1987). Provocative tests with 
psychostimulant drugs in schizophrenia. Psvchopharmacology. 91, 415-433. 

Light, G.A., & Braff, D.L. (1999). Human and animal studies of schizophrenia-related 
gating deficits. Current Psychiatry Reports, 1(1), 31-40. 

Light, G.A., & Braff, D.L. (2005a). Mismatch negativity deficits are associated with 
poor functioning in schizophrenia patients. Archives of General Psychiatry. 62. 127-136. 

Light, G.A., & Braff, D.L. (2005b). Stability of mismatch negativity deficits and their 
relationship to functional impairments in chronic schizophrenia. American Journal of 
Psychiatry. 162(9). 1741-1732. 



Nicotine and schizophrenia 191 

Loberg, E.-M. Hugdahl, K., & Green, M.F. (1999). Hemispheric asymmetry in 
schizophrenia: A 'dual deficits' model. Biological Psychiatry. 45, 76-81. 

Loberg, E.-M., Jorgensen, H.A., & Hugdahl, K. (2002). Functional brain asymmetry 
and attentional modulation in young and stabilised schizophrenic patients: a dichotic listening 
study. Psychiatry Research. 109. 281-287. 

Loveless, N.E. & Sanford, A.J. (1974). Slow potential correlates of preparatory set. 
Biological Psychology, 1(4). 303-314. 

Luber, B., Stanford, A.D., Malaspina, D., & Lisanby, S.H. (2007). Revisiting the 
backward masking deficit in schizophrenia: Individual differences in performance and 
modeling with transcranial magnetic stimulation. Biological Psychiatry, 62, 793-799. 

Luck, S.J., & Gold, J.M. (2008). The construct of attention in schizophrenia. 
Biological Psychiatry, in press, available on line in April 2008. 

Luck, S.J., & Hillyard, S.A. (1994). Electrophysiological correlates of feature analysis 
during visual search. Psvchophvsiology, 31,291-308. 

Lussier, I. & Stip, E. (2001). Memory and attention deficits in drug naive patients 
with schizophrenia. Schizophrenia Research, 48,45-55. 

Lyons, M.J., Bar, J.L., Kremen, W.S., Toomey, R., Eisen, S.A., Goldberg, J., Faraone, 
S.V., & Tsuang, M. (2002). Nicotine and familial vulnerability to schizophrenia: A 
discordant twin study. Journal of Abnormal Psychology, 111 (4). 687-693. 

Lyvers, M., Boyd, G., & Maltzman, I. (1988). Effects of cigarette smoking on 
bilateral electrodermal measure of the orienting reflex. Psvchophvsiology. 25, 408-417. 

Lyvers, M., Maltzman, I., & Miyata, Y. (1994). Effects of cigarette smoking and 
smoking deprivation on Wisconsin Card Sorting Test performance. Experimental and 
Clinical Psychopharmacology, 2. 283-289. 

Lyytinen, H., Blomberg, A.P., & Naatanen, R. (1992). Event-related potentials and 
autonomic responses to a change in unattended audiotory stimuli. Psvchophvsiology, 29, 523-
534. 

Macdonald, A.W., Carter, C, Kerns, J.G., Ursu, S., Barch, D.M., Holmes, A., 
Stenger, V.A., & Cohen, J.D. (2005). Specificity of prefrontal dysfunction and context 
processing deficits to schizophrenia in a never-medicated first-episode sample. American 
Journal of Psychiatry. 162, 475-484. 



Nicotine and schizophrenia 192 

Malhotra, A.K., Pinals, D.A., Weingartner, H., Sirocco, K., Missar, CD., Pickar, D., 
& Breier, A. (1996). NMDA receptor function and human cognition: The effects of ketamine 
in healthy volunteers. Neuropsychopharmacology, 14. 301-307. 

Manoach, D.S. (2003). Prefrontal cortex dysfunction during working memory 
performance in schizophrenia: Reconciling discrepant findings. Schizophrenia Research, 60. 
285-298. 

Manoach, D.S., Press, D.Z., Thangaraj, V., Searl, M.M., Goff, D.C., Halpern, E., 
Saper, C.B., & Warach, S. (1999). Schizophrenic subjects activate dorsolateral prefrontal 
cortex during a working memory task, as measured by fMRI. Biological Psychiatry, 45, 1128-
1137. 

Mansvelder, H.D., van Aerde, K.I., Couey, J.J., & Brussaard, A.B. (2006). Nicotinic 
modulation of neural networks: From receptors to cognition. Psychopharmacology. 184. 292-
305. 

Marenco, S., & Weinberger, D.R. (2000). The neurodevelopmental hypothesis of 
schizophrenia: Following a train of evidence from cradle to grave. Development and 
Psvchopathologv, 12. 501-527. 

Margolese, H.C., Malchy, L., Negrete, J.C., Tempier, R., & Gill, K. (2004). 
Schizophrenia Research. 67, 157-166. 

Martin, L.F., & Freedman, R. (2007). Schizophrenia and the a7 nicotinic 
acetylcholine receptor. International Review of Neurobiology, 78, 225-247. 

Martin, L.F., Kern, W.R., & Freedman, R. (2004). Alpha-7 nicotinic receptor 
agonists: Potential new candidates for the treatment of schizophrenia. Psychopharmacology 
(Bed.). 174(1). 54-64. 

Mathalon, D.H., Ford, J.M., & Pfefferbaum, A. (2000). Trait and state aspects of 
P300 amplitude reduction in schizophrenia: A retrospective longitudinal study. Biological 
Psychiatry. 47. 434-449. 

Mathalon, D.H., Ford, J.M., Rosenbloom, M., & Pfefferbaum, A. (2000). P300 
reduction and prolongation with illness duration in schizophrenia. Biological Psychiatry, 47, 
413-427. 

Mathalon, D.H., Heinks, T, & Ford, J.M. (2004). Selective attention in schizophrenia: 
Sparing and loss of executive control. American Journal of Psychiatry. 161. 872-881. 

Matthews, N., Todd, J., Budd, T.W., Cooper, G., & Michie, P.T. (2007). Auditory 
lateralization in schizophrenia - Mismatch negativity and behavioral evidence of a selective 
impairment in encoding interaural time cues. Clinical Neurophysiology, 118. 833-844. 



Nicotine and schizophrenia 193 

McCarley, R.W., Faux, S.F., Shenton, M.E., Nestor, P.O., & Adams, J. (1991). Event-
related potentials in schizophrenia: Their biological and clinical correlates and a new model 
of schizophrenic pathophysiology. Schizophrenia Research, 4, 209-231. 

McCarley, R.W., Hsiao, J.K., Freedman, R., Pfefferbaum, A., & Donchin, E. (1996). 
Neuroimaging and the cognitive neuroscience of schizophrenia. Schizophrenia Bulletin, 22, 
703-725. 

McCarley, R.W., Wible, C.G., Frumin, M., Hirayasu, Y., Levitt, J.J., Fischer, LA., & 
Shenton, M.E. (1999). MRI anatomy of schizophrenia. Biological Psychiatry, 45, 1099-1119. 

McCarthy, G., Luby, M., Gore, J., & Goldman-Rakic, P. (1997). Infrequent events 
transiently activate human prefrontal and parietal cortex as measured by functional MRI. 
Journal of Neurophysiology, 77. 1630-1634. 

McClure, R.K. (2001). The visual backward masking deficit in schizophrenia. 
Progress in Neuro-psychopharmacology and Biological Psychiatry, 25(2), 301-311. 

McEvoy, J.P., & Allen, T.B. (2002). The importance of nicotinic acetylcholine 
receptors in schizophrenia, bipolar disorder and Tourette Syndrome. Current Drug Targets -
CNS and Neurological Disorders. 1. 433-442. 

McEvoy, J., Freudenreich, O., Levin, E., & Rose, J. (1995). Haloperidol increases 
smoking in patients with schizophrenia. Psychopharmacology, 119. 124-126. 

McEvoy, J., Freudenreich, O., McGee, M., VanderZwaag, C , Levin, E., & Rose, J. 
(1995). Clozapine decreases smoking in patients with chronic schizophrenia. Biological 
Psychiatry. 37, 550-552. 

McGhie, A., Chapman, J., & Lawson, J.S. (1965). The effects of distraction on 
schizophrenic performance. 1. Perception and immediate memory. British Journal of 
Psychiatry. I l l , 383-390. 

McKim, W.A. (2000). Drugs and Behavior: An Introduction to Behavioral 
Pharmacology. 4th Ed. Upper Saddle River, NJ: Prentice Hall. 

Meiran, N., Levine, J., Meiran, N., & Henik, A. (2000). Task set switching in 
schizophrenia. Neuropsychology, 14(3). 471-482. 

Meltzer, H.Y., & McGurk, S.R. (1999). The effects of clozapine, risperidone, and 
olanzapine on cognitive function in schizophrenia. Schizophrenia Bulletin, 25(2), 233-255. 

Meltzer, H.Y., Park, S., & Kessler, R. (1999). Cognition, schizophrenia, and the 
atypical antipsychotic drugs. Proceedings of the National Academy of Sciences, 96(24), 
13591-13593. 



Nicotine and schizophrenia 194 

Menon, V., Ford, J.M., Lim, K.O., Glover, G.H., & Pfefferbaum, A. (1997). 
Combined event-related fMRI and EEG evidence for temporal-parietal cortex activation 
during target detection. NeuroReport, 8, 3029-3037. 

Merrin, E., & Floyd, T. (1994). P300 responses to novel auditory stimuli in 
hospitalized schizophrenic patients. Biological Psychiatry, 30. 527-542. 

Mesulam, MM. (2004). The cholinergic innervation of the human cerebral cortex. 
Progress in Brain Research, 145, 67-78. 

Michel, C , Hasenfratz, M., Nil, R., & Battig, K. (1988). Cardiovascular, 
electrocortical, and behavioral effects of nicotine chewing gum. Klinische Wochenschrift, 66 
(Supp. XI), 72-79. 

Michie, P.T. (1995). Cognitive deficits in psychopathology: Insights from event-
related potentials. In R. Johnson Jr. & J.C. Baron (Eds.) Handbook of Neuropsychology, Vol. 
10, (pp. 299-327). New York: Elsevier. 

Michie, P.T. (2001). What has MMN revealed about the auditory system in 
schizophrenia? International Journal of Psychophysiology, 42.177-194. 

Michie, P.T., Budd, T.W., Todd, J., Rock, D., Wichmann, H., Box, J., & Jablensky, 
A.V. (2000). Duration and frequency mismatch negativity in schizophrenia. Clinical 
Neurophysiology, 111. 1054-1065. 

Michie, P.T., Fox, A.M., Ward, P.B., Catts, S.V., & McConaghy, N. (1990). Event-
related potential indices of selective attention and cortical lateralization in schizophrenia. 
Psychophysiology, 27,209-227. 

Michie, P.T., Innes-Brown, H., Todd, J., & Jablensky, A.V. (2002). Duration 
mismatch negativity in biological relatives of patients with schizophrenia spectrum disorders. 
Biological Psychiatry, 52, 749-758. 

Middlebrooks, J.C, & Green, D.M. (1991). Sound localization by human listeners. 
Annual Reviews of Psychology. 42.135-159. 

Minami, Y., & Kirino, E. (2005). Schizophrenic patients are impaired in memory 
reinstatement underlying mismatch negativity system. Clinical Neurophysiology, 116, 120-
128. 

Minzenberg, M.J., Poole, J.H., Benton, C, & Vinagradov, S. (2004). Association of 
anticholinergic load with impairment of complex attention and memory in schizophrenia. 
American Journal of Psychiatry, 161(1), 116-124. 



Nicotine and schizophrenia 195 

Miranda, M.I. & Bermudez-Rattoni, F. (1999). Reversible inactivation of the nucleus 
basalis magnocellularis induces disruption of cortical acetylcholine release and acquisition, 
but not retrieval, of aversive memories. Proceedings of the National Academy of Sciences, 
96(11), 6478-6482. 

Mohamed, S., Paulsen, J.S., O'Leary, D., Arndt, S., & Andreasen, N. (1999). 
Generalized cognitive deficits in schizophrenia. Archives of General Psychiatry, 56, 749-754. 

Molholm, S., Martinez, A., Ritter, W., Javitt, D.C., & Foxe, J.J. (2005). The neural 
circuitry of pre-attentive auditory change-detection: An fMRI study of pitch and duration 
mismatch negativity generators. Cerebral Cortex, 15, 545-551. 

Montgomery, A.J., Lingford-Hughes, A.R., Egerton, A., Nutt, D.J., & Grasby, P.M. 
(2007). Synapse. 61(8). 637-645. 

Mori, T., Sasaki, T., Iwanami, A., Araki, T., Mizuno, K., Kato, T., & Kato, N. (2003). 
Smoking habits in Japanese patients with schizophrenia. Psychiatry Research, 120(2), 207-
209. 

Moser, R.K., Cienfuegos, A., Barros, J., & Javitt, D. (2001). Auditory distraction and 
thought disorder in chronic schizophrenic inpatients: Evidence for separate contributions by 
incapacity and poor allocation and a subsyndrome related to the allocation deficit. 
Schizophrenia Research, 51, 163-170. 

Mufson, E.J., Ginsberg, S.D., Ikonomovic, M.D., & DeKosky, S.T. (2003). Human 
cholinergic basal forebrain: chemoanatomy and neurologic dysfunction. Journal of Chemical 
Neuroanatomy, 26(4), 233-242. 

Miiller, B.W., Jupter, M., Jentzen, W., & Mullert, P. (2002). Cortical activation to 
auditory mismatch elicited by frequency deviant and complex novel sounds: A PET study. 
Neurolmage, 17, 231-239. 

Muller, D., Widmann, A., & Schroger, E. (2005). Deviance-repetition effects as a 
function of stimulus feature, feature value variation, and timing: A mismatch negativity 
study. Biological Psychology, 68(1), 1-14. 

Muller, T.J., Kalus, P., & Strik, W.K. (2001). The neurophysiological meaning of 
auditory P300 in subtypes of schizophrenia. World Journal of Biological Psychiatry, 2, 9-17. 

Muller-Gass, A., & Campbell, K. (2002). Event-related potential measures of the 
inhibition of information processing: I. Selective attention in the waking state. International 
Journal of Psychophysiology, 46, 177-195. 



Nicotine and schizophrenia 196 

Muller-Gass, A., Macdonald, M., Schroger, E., Sculthorpe, L., & Campbell, K. 
(2007). Evidence for the auditory P3a reflecting an automatic process: Elicitation during 
highly-focused continuous visual attention. Brain Research, 1170, 71-78. 

Muller-Gass, A., & Schroger, E. (2007). Perceptual and cognitive task difficulty has 
differential effects on auditory distraction. Brain Research, 1136, 169-177. 

Muller-Gass, A., Stelmack, R.M., & Campbell, K.B. (2006). The effects of visual task 
difficulty and attentional direction on the detection of acoustic change as indexed by the 
mismatch negativity. Brain Research, 1078, 112-130. 

Mumenthaler, M.S., Yesavage, J.A., Taylor, J.L., O'Hara, R., Friedman, L., Lee, H., 
& Kraemer, H.C. (2003). Psychoactive drugs and pilot performance: A comparison of 
nicotine, donepezil, and alcohol effects. Neuropsvchopharmacologv, 28, 1366-1373. 

Munka, L., & Berti, S. (2006). Examining task-dependencies of different attentional 
processes as reflected in the P3a and reorienting negativity components of the human event-
related brain potential. Neuroscience Letters. 396(3). 177-181. 

Myers, C.S., Robles, O., Kakoyannis, A.N., Sherr, J.D., Avila, M.T., Blaxton, T.A., & 
Thaker, G.K. (2004). Nicotine improves delayed recognition in schizophrenic patients. 
Psvchopharmacology, 174, 334-340. 

Myers, C.S., Taylor, R.C., Moolchan, E.T., & Heishman, S.J. (2007). Dose-related 
enhancement of mood and cognition in smokers administered nicotine nasal spray. 
Neuropsychopharmacology, 1-11. 

Naatanen, R. (1990). The role of attention in auditory information processing as 
revealed by event-related potentials and other brain measures of cognitive function. 
Behavioral and Brain Sciences. 13. 201-288. 

Naatanen, R. (1992). Attention and Brain Function. Hillsdale, NJ: Erlbaum. 

Naatanen, R. (2003). Mismatch negativity: Clinical research and possible 
applications. International Journal of Psychophysiology, 48, 179-188. 

Naatanen, R. & Alho, K. (1995). Event-related potentials in human selective attention 
research. In R. Johnson Jr. & J.C. Baron (Eds.) Handbook of Neuropsychology, Vol. 10, (pp. 
75-104). New York: Elsevier. 

Naatanen, R., Gaillard, A.W., & Mantysalo, S. (1978). Early selective-attention effect 
on evoked potential reinterpreted. Acta Psychologica, 42,313-329. 

Naatanen, R., & Michie, P.T. (1979). Early selective-attention effects on the evoked 
potential: A critical review and reinterpretation. Biological Psychology, 8, 81-136. 



Nicotine and schizophrenia 197 

Naatanen, R., Paavilainen, P., Rinne, T., & Alho, K. (2007). The mismatch negativity 
(MMN) in basic research of central auditory processing: A review. Clinical Neurophysiology, 
118, 2544-2590. 

Naatanen, R., Pakarinen, S., Rinne, T., & Takegata, R. (2004). The mismatch 
negativity (MMN) - towards the optimal paradigm. Clinical Neurophysiology. 115,140-144. 

Naatanen, R. & Picton, T. (1987). The Nl wave of the human electric and magnetic 
response to sound: A review and an analysis of component structure. Psychophvsiology, 24, 
375-425. 

Naatanen, R., & Winkler, I. (1999). The concept of auditory stimulus representation 
in neuroscience. Psychological Bulletin, 125. 826-859. 

Nelson, H.E., Pantelis, C , Carruthers, K., Speller, J., Baxendale, S., & Barnes, T.R. 
(1990) Cognitive functioning and symptomatology in chronic schizophrenia. Psychological 
Medicine. 20, 357-365. 

Nestor, P.G., Han, S.D., Niznikiewicz, M., Salisbury, D., Spencer, K., Shenton, M.E., 
& McCarley, R.W. (2001). Semantic disturbance in schizophrenia and its relationship to the 
cognitive neuroscience of attention. Biological Psychology, 57,23-46. 

Nestor, P.G., & O'Donnell, B.F. (1998). The mind adrift: Attentional dysregulation in 
schizophrenia. In R. Parasuraman (Ed.), The Attentive Brain (pp. 527-546). Cambridge, MA: 
MIT Press. 

Newcomer, J.W., Farber, N.B., Jevtovic-Todorovic, V., Selke, G., Melson, A.K., 
Hershey, T., Craft, S., & Olney, J.W. (1999). Ketamine-induced NMDA receptor 
hypofunction as a model of memory impairment and psychosis. Neuropsychopharmacology, 
20,106-118. 

Newhouse, P.A., Potter, A., & Singh, A. (2004). Effects of nicotinic stimulation on 
cognitive performance. Current Opinion in Pharmacology, 4, 36-46. 

Newhouse, P., Singh, A., & Potter, A. (2004). Nicotine and nicotinic receptor 
involvement in neuropsychiatric disorders. Current Topics in Medicinal Chemistry, 4,267-
282. 

Norman, R.M.G., Malla, A.K., Cortese, L., Cheng, S., Kiaz, K., Mcintosh, E., 
McLean, T.S., Rickwood, A., & Voruganti, L.P. (1999). Symptoms and cognition as 
predictors of community functioning: A prospective analysis. American Journal of 
Psychiatry. 156(3), 400-405. 



Nicotine and schizophrenia 198 

Nuechterlein, K.H. (1991). Vigilance in schizophrenia and related disorders. In S.R. 
Steinhauer, J.H. Gruzelier, & J. Zubin (Eds.), Handbook of schizophrenia: Vol. 5. 
Neuropsychology. Psychophysiology. and Information Processing, (pp. 397-433). 
Amsterdam: Elsevier. 

Nuechterlein, K.H., & Dawson, M.E. (1984). Information processing and attentional 
functioning in the developmental course of schizophrenic disorders. Schizophrenia Bulletin, 
10,160-203. 

Oades, R.D., Wild-Wall, N., Juran, S.A., Sachsse, J., Oknina, L.B., & Ropke, B. 
(2006). Auditory change detection in schizophrenia: Sources of activity, related 
neuropsychological function and symptoms in patients with a first episode in adolescence, 
and patients 14 years after an adolescent illness-onset. BMC Psychiatry. 6(7). 1-14. 

Ober, B.A., Vinogradov, S., & Shenaut, G.K. (1995). Semantic priming of category 
relations in schizophrenia. Neuropsychology. 9. 220-229. 

O'Donnell, BF., Hokama, H., McCarley, R.W., Smith, R.S., Salisbury, D.F., 
Mondrow, E., Nestor, P.G., & Shenton, M.E. (1994). Auditory ERPs to non-target stimuli in 
schizophrenia: relationship to probability, task demands, and target ERPs. International 
Journal of Psvchophvsiology. 1994. 17. 219-231. 

O'Donnell, B.F., Shenton, M.E., McCarley, R.W., Faux, S.F., Smith, R.S., Salisbury, 
D.F., Nestor, P.G., Pollak, S.D., Kikinis, R., & Jolesz, F.A. (1993). The auditory N2 
component in schizophrenia: Relationship to MRI temporal lobe gray matter and to other 
ERP abnormalities. Biological Psychiatry, 34, 26-40. 

Ogura, C, Nageishi, Y., Matsubayashi, M., Omura, F., Kishimoto, A., & Shimokochi, 
M. (1991). Abnormalities in event-related potentials: N100, P200, P300 and slow waves in 
schizophrenia. Japanese Journal of Psychiatry and Neurology, 45, 57-65. 

Oie, M., Rund, B.R., Sundet, K., & Bryhn, G. (1998). Auditory laterality and selective 
attention: normal performance in patients with early-onset schizophrenia. Schizophrenia 
Bulletin, 24, 643-652. 

Oknina, L.B., Wild-Wall, N., Oades, R.D., Juran, S.A., Ropcke, B., Pfueller, U., 
Weisbrod, M., Chan, E., & Chen, E.Y.H. (2005). Frontal and temporal sources of mismatch 
negativity in healthy controls, patients at onset of schizophrenia in adolescence and others at 
15 years after onset. (2005). Schizophrenia Research. 76. 25-41. 

Olinchey, J.M., Iragui, V.J., Kutas, M., Morris, S., & Jeste, D.V. (1998). Relationship 
between auditory P300 amplitude and age of onset of schizophrenia in older patients. 
Psychiatry Research. 79.241-254. 



Nicotine and schizophrenia 199 

Olincy, A., Harris, J.G., Johnson, L.L., Pender, V., Kongs, S., Allensworth, D., Ellis, 
J., Zerbe, G.O., Leonard, S., Stevens, K.E., Stevens, J.O., Martin, L., Adler, L.E., Soti, F., 
Kem, W.R., & Freedman, R. (2006). Proof-of-concept trial of an alpha7 nicotinic agonist in 
schizophrenia. Archives of General Psychiatry, 63(6), 630-638. 

Olincy, A., Ross, R.G., Young, D.A., Roath, M, & Freedman, R. (1998). 
Improvements in smooth pursuit eye movements after cigarette smoking in schizophrenic 
patients. Neuropsychopharmacology, 18(3), 175-185. 

Olincy, A., Young, D.A., & Freedman, R. (1997). Increased levels of the nicotine 
metabolite cotinine in schizophrenic smokers compared to other smokers. Biological 
Psychiatry, 42, 1-5. 

Olney, J.W., & Farber, N.B. (1995). Glutamate receptor dysfunction and 
schizophrenia. Archives of General Psychiatry. 52. 998-1007. 

Oltmanns, T.F., & Neale, J.M. (1975). Schizophrenic performance when distractors 
are present: Attentional deficit or differential task difficulty? Journal of Abnormal 
Psychology. 84. 205-209. 

Opitz, B., Mecklinger, A., Friederici, A.D., & von Cramon, D.Y. (1999). The 
functional neuroanatomy of novelty processing: Integrating ERP and fMRI results. Cerebral 
Cortex. 9. 379-391. 

Opitz, B., Rinne, T., Mecklinger, A., von Cramon, D.Y., & Schroger, E. (2002). 
Differential contribution of frontal and temporal cortices to auditory change detection: fMRI 
and ERP results. Neurolmage. 15. 167-174. 

Oranje, B., van Berckel, B.N.M., Kemner, C , van Ree, J.M., Kahn, R.S., & Verbaten, 
M.N. (2000). The Effects of a sub-anaesthetic dose of ketamine on human selective attention. 
Neuropsychopharmacology, 22,293-302. 

Palmer, B.W., Heaton, R.K., Paulsen, J.S., Kuck, J., Braff, D., Harris, M.J., Zisook, 
S., & Jeste, D.V. (1997). Is it possible to be schizophrenic yet neuropsychologically normal? 
Neuropsychology, 11,437-446. 

Pantelis, C , Barnes, T.R.E., Nelson, H.E., Tanner, S., Weatherley, L., Owen, A.M., & 
Robbins, T.W. (1997). Frontal-striatal cognitive deficits in patients with chronic 
schizophrenia. Brain. 1997. 120. 1823-1843. 

Pantelis, C , & Maruff, P. (2002). The cognitive neuropsychiatric approach to 
investigating the neurobiology of schizophrenia and other disorders. Journal of 
Psychosomatic Research, 53, 655-664. 



Nicotine and schizophrenia 200 

Pantev, C , Elbert, T., Makeig, S., Hampson, S., Eulitz, C , & Hoke, M. (1993). 
Relationship of transient and steady-state auditory evoked fields. Electroencephalography and 
Clinical Neurophysiology. 88. 389-396. 

Park, S., & Holzman, P.S. (1993). Association of working memory deficit and eye 
tracking dysfunction in schizophrenia. Schizophrenia Research, 11, 55-61. 

Park, S., Holzman, P.S., & Goldman-Rakic, P.S. (1995). Spatial working memory 
deficits in the relatives of schizophrenic patients. Archives of General Psychiatry, 52. 821-
828. 

Park, S., Knopick, C , McGurk, S., & Meltzer, H.Y. (2000). Nicotine impairs spatial 
working memory while leaving spatial attention intact. Neuropsychopharmacology. 22.200-
209. 

Parrott, A.C. (2003). Cigarette-derived nicotine is not a medicine. World Journal of 
Biological Psychiatry, 4(2). 49-55. 

Parrott, A.C. (2004). Heightened stress and depression follow cigarette smoking. 
Psychological Reports. 94(1). 33-34. 

Pashler, H.E. (1998). The Psychology of Attention. Cambridge, Mass: MIT Press. 

Payne, R.W., & Caird, W.K. (1967). Reaction time, distractibility and overinclusive 
thinking in psychotics. Journal of Abnormal Psychology. 72.112-121. 

Pekkonen, E., Hirvonen, J., Jaaskelainen, LP., Kaakkola, S., & Huttunen, J. (2001). 
Auditory sensory memory and the cholinergic system: Implications for Alzheimer's disease. 
Neurolmage. 14(2), 376-382. 

Pekkonen, E., Jousimaki, V., Kononen, M., Reinikainen, K., & Partanen, J.(1994). 
Auditory sensory memory impairment in Alzheimer's disease: An event-related potential 
study. NeuroReport, 5. 2537-2540. 

Pekkonen, E., Rinne, T., & Naatanen, R. (1995). Variability and replicability of the 
mismatch negativity. Electroencephalography and Clinical Neurophysiology. 96, 546-554. 

Penn, D.L., Combs, D., & Mohamed, S. (2001). Social cognition and social 
functioning in schizophrenia. In P.W. Corrigan & D.L. Penn (Eds.), Social Cognition and 
Schizophrenia, (pp. 97-121). Washington: APA. 

Penn, D.L., Corrigan, P.W., Bentall, R.P., Racenstein, J.M., & Newman, L. (1997). 
Social cognition in schizophrenia. Psychological Bulletin. 121.114-132. 



Nicotine and schizophrenia 201 

Perkins, K.A., Epstein, L.H., Stiller, R.L., Sexton, J.E., Debski, T.D., Jacob, R.G. 
(1990). Behavioral performance effects of nicotine in smokers and nonsmokers. 
Pharmacology, Biochemistry, and Behavior, 37, 11-15. 

Perkins, K.A., Grobe, J.E., Fonte, C , Goettler, J., Caggiula, A.R., Reynolds, W.A., 
Stiller, R.L., Scierka, A., & Jacob, R.G. (1994). Chronic and acute tolerance to subjective, 
behavioral and cardiovascular effects of nicotine in humans. Journal of Pharmacology and 
Experimental Therapeutics, 270(2), 628-638. 

Perry, W., & Braff, D.L. (1994). Information-processing deficits and thought disorder 
in schizophrenia. American Journal of Psychiatry, 151, 363-367. 

Phillips, D.P., & Irvine, D.R. (1981). Responses of single neurons in physiologically 
defined auditory cortex (AI) of the cat: Frequency tuning and responses to intensity. Journal 
of Neurophysiology. 45, 48-58. 

Pickworth, W.B., Herning, R.I., & Henningfield, J.E. (1986). 
Electroencephalographic effects of nicotine chewing gum in humans. Pharmacol Biochem 
Behav. 25(4). 879-882. 

Picton, T.W., Bentin, S., Berg, P., Donchin, E., Hillyard, S.A., Johnson, R. Jr., Miller, 
G.A., Ritter, W., Ruchkin, D.S., Rugg, M.D., & Taylor, M.J. (2000). Guidelines for using 
human event-related potentials to study cognition: Recording standards and publication 
criteria. Psychophysiology, 37. 127-152. 

Pogun, S. (2001). Sex differences in brain and behavior: Emphasis on nicotine, nitric 
oxide and place learning. International Journal of Psychophysiology. 42.195-208. 

Polich, J. & Comerchero, M.D. (2003). P3a from visual stimuli: Typicality, task, and 
topography. Brain Topography, 15(3), 141-152. 

Polich, J., & Criado, J.R. (2006). Neuropsychology and neuropharmacology of P3a 
and P3b. International Journal of Psychophysiology, 60, 172-185. 

Polich, J. & Herbst, K.L. (2000). P300 as a clinical assay: rationale, evaluation and 
findings. International Journal of Psychophysiology. 38.3-19. 

Pomerleau, O.F. (1995). Individual differences in sensitivity to nicotine: Implications 
for genetic research on nicotine dependence. Behavior Genetics, 25(2). 161-177 

Pomerleau, O.F., & Pomerleau, C.S. (1984). Neuroregulators and the reinforcement 
of smoking: Toward a biobehavioral explanation. Neuroscience and Biobehavioral Reviews, 
L503-513. 



Nicotine and schizophrenia 202 

Pomerleau, O.F., & Pomerleau, C.S. (1991). Research on stress and smoking: 
Progress and problems. British Journal of Addiction, 86, 599-603. 

Posner, M.I. (1978). Chronometric Explorations of Mind. Hillsdale, NJ Erlbaum. 

Posner, M.I., & Petersen, S.E. (1990). The attention system of the human brain. 
Annual Review of Neuroscience, 13, 25-42. 

Potts, G.F., Hirayasu, Y., O'Donnell, B.F., Shenton, M.E., & McCarley, R.W. (1998). 
High-density recording and topographic analysis of the auditory oddball event-related 
potential in patients with schizophrenia. Biological Psychiatry, 44(10), 982-989. 

Potts, G.F., O'Donnell, B.F., Hirayasu, Y., & McCarley, R.W. (2002). Disruption of 
neural systems of visual attention in schizophrenia. Archives of General Psychiatry. 59(5), 
418-424. 

Price, G.W., Michie, P.T., Johnston, J., Innes-Brown, H., Kent, A., Clissa, P., & 
Jablensky, A.V. (2006). A multivariate electrophysiological encophenotype, from a unitary 
cohort, shows greater research utility than any single feature in the Western Australian 
Family Study of Schizophrenia. Biological Psychiatry, 60, 1-10. 

Pritchard, W.S., Sokhadze, E., & Houlihan, M.E. (2004). Effects of nicotine and 
smoking on event-related potentials: A review. Nicotine and Tobacco Research, 6(6), 961-
984. 

Provost, S.C. & Woodward, R. (1991). Effects of nicotine gum on repeated 
administration of the Stroop test. Psychopharmacology, 104, 536-540. 

Purves, D., Augustine, G.J., Fitzpatrick, D., Katz, L.C., LaMantia, A.-S., & 
McNamara, J.O. (Eds.) (1997) Neuroscience. Sunderland, MA: Sinauer. 

Qhobosheane, M., Wu, D., Gu, Y., & Tan, W. (2004). A two-dimensional imaging 
biosensor to monitor enhanced brain glutamate release stimulated by nicotine. Journal of 
Neuroscience Methods, 135, 71-78. 

Quarta, D., Naylor, C.G., Morris, H.V., Patel, S., Genn, R.F., Stolerman, LP. (2007). 
Different effects of ionotropic and metabotropic glutamate receptor antagonists on attention 
and the attentional properties of nicotine. Neuropharmacology, 53,421-430. 

Rabinowicz, E.F., Silipo, G., Goldman, R., & Javitt, D.C. (2000). Auditory sensory 
dysfunction in schizophrenia: Imprecision of distractibility?, Archives of General Psychiatry, 
57(12), 1149-1155. 



Nicotine and schizophrenia 203 

Rao, S.G., Williams, G.V., & Goldman-Rakic, P.S. (2000). Destruction and creation 
of spatial tuning by disinhibition: GABAA blockade of prefrontal cortical neurons engaged by 
working memory. Journal of Neuroscience, 20, 485-494. 

Rassovsky, Y., Green, M.F., Nuechterlien, K.H., Breitmeyer, B.G., & Mintz, J. 
(2005). Visual processing in schizophrenia: Structural equation modeling of visual masking 
performance. Schizophrenia Research, 78, 251-260. 

Ravizza, S., Robertson, L., Carter, C , Nordahl, T., & Salo, R. (2007). Is filtering 
difficulty the basis of attentional deficits in schizophrenia? Psychiatry Research, 131, 201-
209. 

Reitan, R.M., & Wolfson, D. (1985). The Halstead-Reitan Neuropsychological Test 
Battery. Tucson, AZ: Neuropsychology Press. 

Rezvani, A.H., Kholdebarin, E., Dawson, E., & Levin, E.D. (2008). Nicotine and 
clozapine effects on attentional performance impaired by the NMDA antagonist dizocilpine 
in female rats. International Journal of Neuropsychopharmacology. 11. 63-70. 

Rezvani, A.H., & Levin, E.D. (2001). Cognitive effects of nicotine. Biological 
Psychiatry. 49.258-267. 

Riala, K., Hakko, H., Isohanni, M., Pouta, A., & Rasanen, P. (2005). Is initiation of 
smoking associated with the prodromal phase of schizophrenia?, Journal of Psychiatry and 
Neuroscience. 30, 26-32. 

Riley, E.M., McGovern, D., Mockler, D., Duku, V.C., O'Ceallaigh, S., Fannon, D.G., 
Tennakoon, L., Santamaria, M., Soni, W., Morris, R.G., Sharma, T. (2000). 
Neuropsychological functioning in first-episode psychosis: evidence of specific deficits. 
Schizophrenia Research. 43. 47-55. 

Rinne, T., Alho, K., Ilmoiemi, R.J., Virtanen, J., & NMtSnen, R. (2000). Separate 
time behaviors of the temporal and frontal mismatch negativity sources. Neurolmage, 12, 14-
19. 

Rinne, T., Degerman, A., & Alho, K. (2005). Superior temporal and inferior frontal 
cortices are activated by infrequent sound duration decrements: An fMRI study. Neurolmage, 
26(1). 66-72. 

Rinne, T., Sarkka, A., Degerman, A., Schroger, E., & Alho, K. (2006). Two separate 
mechanisms underlie auditory change detection and involuntary control of attention. Brain 
Research. 1077. 135-143. 

Robinson, D.G., Woerner, M.G., McMeniman, M., Mendelowitz, A., & Bilder, R.M. 
(2004). Symptomatic and functional recovery from a first episode of schizophrenia or 
schizoaffective disorder. American Journal of Psychiatry, 161(3). 473-479. 



Nicotine and schizophrenia 204 

Roeber, U., Berti, S., & Schroger, E. (2003). Auditory distraction with different 
presentation rates: An event-related potential and behavioral study. Clinical 
Neurophysiology, 114, 341-349. 

Roeber, U., Berti, S., Widmann, A., Schroger, E. (2005). Response repetition vs. 
response change modulates behavioral and electrophysiological effects of distraction. Brain 
Research. Cognitive Brain Research, 22(3), 451 -456. 

Roeber, U., Widmann, A., & Schroger, E. (2003). Auditory distraction by duration 
and location deviants: A behavioral and event-related potential study. Cognitive Brain 
Research. 17. 347-357. 

Rohrbaugh, J.W., Syndulko, K., & Lindsley, D.B. (1978). Cortical slow negative 
waves following non-paired stimuli: Effects of task factors. Electroencephalography and 
Clinical Neurophysiology. 1978, 551-557. 

Roman, S., Canevet, G., Marquis, P., Triglia, J.-M., & Liegeois-Chauvel, C. (2005). 
Relationship between auditory perception skills and mismatch negativity recorded in free 
field in cochlear-implant users. Hearing Research. 201, 10-20. 

Rosburg, T., Haueisen, J., & Kreitschmann-Andermahr, I. (2004). The dipole location 
shift within the auditory evoked neuromagnetic field components NIOOm and mismatch 
negativity (MMNm). Clinical Neurophysiology, 115, 906-913. 

Rosvold, H.E., Mirsky, A., Sarason, I., Bransome, E.D., Jr., & Beck, L.H. (1956). A 
continuous performance test of brain damage. Journal of Consulting Psychology. 20. 343-
350. 

Roth, R.M., Flashman, L.A., Saykin, A.J., McAllister, T.W., & Vidaver, R. (2004). 
Apathy in schizophrenia: Reduced frontal lobe volume and neuropsychological deficits. 
American Journal of Psychiatry, 161, 157-159. 

Roth, W.T., Horvath, T.B., Pfefferbaum, A., & Kopell, B.S. (1980). Event-related 
potentials in schizophrenics. Electroencephalography and Clinical Neurophysiology, 48, 147-
139. 

Rund, B.R., (1998). A review of longitudinal studies of cognitive functions in 
schizophrenia patients. Schizophrenia Bulletin. 24. 425-435. 

Rushe, T.M., Morris, R.G., Miotto, E.C., Feigenbaum, J.D., Woodruff, P.W.R., & 
Murray, R.M. (1999). Problem-solving and spatial working memory in patients with 
schizophrenia and with focal frontal and temporal lobe lesions. Schizophrenia Research, 37, 
21-33. 

Russell, M., Feyerbrand, C , & Cole P. (1976). Plasma nicotine levels often cigarette 
smoking and chewing nicotine gum. British Medical Journal, 1, 1043-1046. 



Nicotine and schizophrenia 205 

Russell, M.A. (1988). Nicotine replacement: the role of blood nicotine levels, their 
rate of change, and nicotine tolerance. Progress in Clinical and Biological Research, 261, 63-
94 

Russell, M.A., Raw, M., & Jarvis, M.J. (1980). Clinical use of nicotine chewing-gum. 
British Medical Journal. 280. 1599-1602. 

Rusted, J., Graupner, L., & Warburton, D. (1995). Effects of post-trial administration 
of nicotine on human memory: Evaluating the conditions for improving memory. 
Psychopharmacology, 119. 405-413. 

Sabri, M., Liebenthal, E., Waldron, E.J., Medler, D.A., & Binder, J.R. (2006). 
Attentional modulation in the detection of irrelevant deviance: A simultaneous ERP/fMRI 
study. Journal of Cognitive Neuroscience, 18(5), 689-700. 

Sabri, O., Erkwoh, R., Schreckenberger, M., Owega, A., Sass, H., & Buell, U. (1997). 
Correlation of positive symptoms exclusively to hyperperfusion or hypoperfusion of cerebral 
cortex in never-treated schizophrenics. The Lancet. 349.1735-1739. 

Saccuzzo, D.P., & Braff, D.L. (1986). Information-processing abnormalities: Trait-
and state-dependent components. Schizophrenia Bulletin, 12(3), 447-459. 

Salame, P., Danion, J., Peretti, S., & Cuervo, C. (1998). The state of functioning of 
working memory in schizophrenia. Schizophrenia Research. 30. 11-29. 

Salgado-Pineda, P., Baeza, I., Perez-Gomez, M., Vendrell, P., Junque, C , Bargallo, 
N., & Bernardo, M. (2003). Sustained attention impairment correlates to gray matter 
decreases in first-episode neuroleptic-naive schizophrenic patients. Neurolmage, 19, 365-375. 

Sabri, Liebenthal, Waldron, Medler and Binder (2006) R.W. (2007). Progressive and 
interrelated functional and structural evidence of post-onset brain reduction in schizophrenia. 
Archives of General Psychiatry, 64, 521 -529. 

Salisbury, D.F., Kuroki, N., Kasai, K., Shenton, M.E., & McCarley, R.W. (2007). 
Progressive and interrelated functional and structural evidence of post-onset brain reduction 
in schizophrenia. Archives of General Psychiatry, 64(5). 521-529. 

Salisbury, D.F., O'Donnell, B.F., McCarley, R.W., Shenton, M.E., & Benavage, A. 
(1994). The N2 event-related potential reflects attention deficit in schizophrenia. Biological 
Psychology, 39, 1-13. 

Salisbury, D.F., Shenton, M.E., Griggs, C.B., Bonner-Jackson, A., & McCarley, R.W. 
(2002). Mismatch negativity in chronic schizophrenia and first-episode schizophrenia. 
Archives of General Psychiatry. 59. 686-694. 



Nicotine and schizophrenia 206 

Sams, M, Kaukoranta, E., Hiimalainen, M., & Naatanen, R. (1991). Cortical activity 
elicited by changes in auditory stimuli: Different sources for the magnetic N100m and 
mismatch responses. Psvchophvsiology, 18,21 -29. 

San Miguel, I., Corral, M.-J.., & Escera, C. (2008). When loading working memory 
reduces distraction: Behavioral and electrophysiological evidence from a auditory-visual 
distraction paradigm. Journal of Cognitive Neuroscience, 20(7), 1-15. 

Sarter, M., Nelson, C.L., & Bruno, J.P. (2005). Cortical cholinergic transmission and 
cortical information processing in schizophrenia. Schizophrenia Bulletin, 31, 117-138. 

Sato, Y., Yabe, H., Hiruma, T., Sutoh, T., Shinozaki, N., Nashida, T., Saito, F., & 
Kaneko, S. (1998). Do changes in probability on the MMN have a different effect in 
schizophrenic patients? In I. Hashimoto & R. Kakigi (Eds.), Recent Advances in Human 
Neurophysiology, (pp. 803-808). Amsterdam: Elsevier. 

Sato, Y., Yabe, H., Todd, J., Michie, P., Shinozaki, N., Sutoh, T., Hiruma, T., 
Nashida, T., Matsuoka, T., & Kaneko, S. (2003). Impairment in activation of a frontal 
attention-switch mechanism in schizophrenic patients. Biological Psychology. 62. 49-63. 

Saykin, A.J., Gur, R.C., Gur, R.E., Mozley, D., Mozley, L.H., Resnick, S.M., Kester, 
B., Stafiniak, P. (1991). Neuropsychological function in schizophrenia: Selective impairment 
in memory and learning. Archives of General Psychiatry. 51,124-131. 

Schall, U., Catts, S.V., Chaturvedi, S., Liebert, B., Redenback, J., Karayanadis, F., & 
Ward, P.B. (1998). The effect of clozapine therapy on frontal lobe dysfunction in 
schizophrenia: Neuropsychology and event-related potential measures. International Journal 
ofNueropsvchopharmacologv. 1. 19-29. 

Schall, U., Catts, S.V., Karayanidis, F., & Ward, P.B. (1999). Auditory event-related 
potential indices of fronto-temporal information processing in schizophrenia syndromes: 
Valid outcome prediction of clozapine therapy in a three-year follow-up. International 
Journal of Neuropsvchopharmacology. 2. 83-93. 

Schiffrin, R.M., & Schneider, W. (1977). Controlled and automatic human 
information processing: II. Perceptual learning, automatic attending, and a general theory. 
Psychological Review. 84. 127-190. 

Schreiber, H., Stolz-Born, G., Kornhuber, H.H., & Born, J. (1992). Event-related 
potential correlates of impaired selective attention in children at high risk for schizophrenia. 
Biological Psychiatry. 32. 634-651. 

Schroger, E. (1995). Processing of auditory deviants with changes in one versus two 
stimulus dimensions. Psychophvsiology, 32. 55-65. 



Nicotine and schizophrenia 207 

Schroger, E. (1996). A neural mechanism for involuntary attention shifts to changes 
in auditory stimulation. Journal of Cognitive Neuroscience, 8, 527-539. 

Schroger, E. (1997). On the detection of auditory deviations: A pre-attentive 
activation model. Psvchophysiology, 34, 245-257. 

Schroger, E., Giard, M.-H., & Wolff, C. (2000). Auditory distraction: Event-related 
potential and behavioral indices. Clinical Neurophysiology, 111, 1450-1460. 

Schroger, E. & Wolff, C. (1998a). Attentional orienting and reorienting is indicated 
by human event-related brain potentials. NeuroReport, 9. 3355-3358. 

Schroger, E., & Wolff, C. (1998b). Behavioral and electrophysiological effects of 
task-irrelevant sound change: A new distraction paradigm. Cognitive Brain Research. 7, 71-
87. 

Seaton, B.E., Goldstein, G., & Allen, D.N. (2001). Sources of heterogeneity in 
schizophrenia: The role of neuropsychological functioning. Neuropsychology Review, 11(1), 
45-67. 

Seeman, P., & Lee, T. (1975). Antipsychotic drugs: Direct correlaion between clinical 
potency and presynaptic action on dopamine neurons. Science. 188. 1217-1219. 

Shagass, C , Straumanis, J.J. Jr., Roemer, R.A., & Amadeo, M. (1977). Evoked 
potentials of schizophrenics in several sensory modalities. Biological Psychiatry, 12, 221-
235. 

Shako w, D. (1962). Segmental set: A theory of the formal psychological deficit in 
schizophrenia. Archives of General Psychiatry, 6,1-17. 

Shalgi, S., & Deouell, L.Y. (2007). Direct evidence for differential roles of temporal 
and frontal components of auditory change detection. Neuropsychologia, 45.1978-1888. 

Sharma, T., & Antonova, L. (2003). Cognitive function in schizophrenia: Deficits, 
functional consequences, and future treatment. Psychiatric Clinics of North America, 26, 25-
40. 

Shelley, A., Javitt, D., & Vaughan, H. (1996). Mechanisms of auditory working 
memory dysfunction in schizophrenia. Biological Psychiatry. 39. 655. 

Shelley, A.M., Silipo, G., & Javitt, D.C. (1999). Diminished responsiveness of ERPs 
in schizophrenic subjects to changes in auditory stimulation parameters: Implications for 
theories of cortical dysfunction. Schizophrenia Research. 37. 65-79. 



Nicotine and schizophrenia 208 

Shelley, A.M., Ward, P.B., Catts, S.V., Michie, P.T., Andrews, S., & McConaghy, N. 
(1991). Mismatch negativity: An index of a preattentive processing deficit in schizophrenia. 
Biological Psychiatry. 30. 1059-1062. 

Shenton, M., Dickey, C , Frumin, M., & McCarley, R. (2001). A review of MRI 
findings in schizophrenia. Schizophrenia Research, 49, 1-52. 

Shenton, M.E., Kikinis, R., Jolesz, F.A., Pollak, S.D., LeMay, M., Wible, C.G., 
Hokama, H., Martin, J., Metcalf, D., Coleman, M., et al. (1992). Abnormalities of the left 
temporal lobe and thought disorder in schizophrenia. New England Journal of Medicine, 327, 
604-612. 

Sherr, J.D., Myers, C , Avila, M.T., Elliott, A., Blaxton, T.A., & Thaker, G.K. (2002). 
The effects of nicotine on specific eye tracking measures in schizophrenia. Biological 
Psychiatry. 52. 721-728. 

Sherwood, N., Kerr, J., & Hindmarch, O. (1992). Psychomotor performance in 
smokers following single and repeated doses of nicotine gum. Psychopharmacology. 108, 
432-436. 

Shinozaki, N., Yabe, H., Sato, Y., Hiruma, T., Sutoh, T., Nashida, T., Matsuoka, T., 
& Kaneko, S. (2002). The difference in mismatch negativity between the acute and post-acute 
phase of schizophrenia. Biological Psychiatry. 59. 105-119. 

Silver, H., Shlomo, N., Hiemke, C , Rao, M.-L., Ritsner, M., & Modai, I. (2002). 
Schizophrenic patients who smoke have a faster finger tapping rate than non-smokers. 
European Neuropsvchopharmacology, 12. 141-144. 

Simosky, J.K., Stevens, K.E., & Freedman, R. (2002). Nicotinic agonists and 
psychosis. Curent Drug Targets - CNS and Neurological Disorders, 1, 149-162. 

Smith, R.C., Singh, A., Infante, M., Khandat, A., & Kloos, A. (2002). Effects of 
cigarette smoking and nicotine nasal spray on psychiatric symptoms and cognition in 
schizophrenia. Neuropsvchopharmacology, 27(3), 479-497. 

Smith, R.C., Warner-Cohen, J., Matute, M., Butler, E., Kelly, E., 
Vaidhyanathaswamy, S., & Khan, A. (2006). Effects of nicotine nasal spray on cognitive 
function in schizophrenia. Neuropsychopharmacology, 31, 637-643. 

Smythies, J. (2005). Section I. The cholinergic system. International Review of 
Neurobiology, 64, 1-122. 

Sokolov, E.N. (1963). Perception and the Conditioned Reflex. New York: Pergamon 
Press. 



Nicotine and schizophrenia 209 

Sokolov, E.N., Spinks, J.A., Naatanen, R., & Lyytinen, H. (2002). The Orienting 
Response in Information Processing. Mahwah, NJ: Erlbaum. 

Sommer, I.E.C., Ramsey, N.F., & Kahn, R.S. (2001). Language lateralization in 
schizophrenia, an fMRI study. Schizophrenia Research, 52, 57-67. 

Spitzer, M. (1993). The psychopathology, neuropsychology, and neurobiology of 
associative and working memory in schizophrenia. European Archives of Psychiatry and 
Clinical Neuroscience, 243, 57-70. 

Spitzer, M., Braun, U., Hermle, L., & Maier, S. (1993). Associative semantic network 
dysfunction in thought-disordered schizophrenic patients: Direct evidence from indirect 
semantic priming. Biological Psychiatry, 34, 864-877. 

Spring, B., Lemon, M., Weinstein, L., & Haskell, A. (1989). Distractibility in 
schizophrenia: State and trait aspects. British Journal of Psychiatry, 155 (Suppl 5). 63-68. 

Spring, B., Weinstein, L., Freeman, R., & Sherman, T. (1991). Selective attention in 
schizophrenia. In S.R. Steinhauer, J.H. Gruzelier, J. Zubin (Eds.), Handbook of 
Schizophrenia. Vol. 5: Neuropsychology. Psychophvsiology and Information Processing, (pp. 
335-370). Amsterdam: Elsevier. 

Squires, N.K., Squires, K.C., & Hillyard, S.A. (1975). Two varieties of long-latency 
positive waves evoked by unpredictable auditory stimuli in man. Electroencephalography and 
Clinical Neurophysiology. 38, 387-410. 

Staley, J.K., Krishnan-Sarin, S., Zoghbi, S., Tamagnan, G., Fujita, M., Seibyl, J., 
Maciejewski, P.K., O'Malley, S., & Innis, R.B. (2001). Sex Differences in [123I]p-CIT SPECT 
measures of dopamine and serotonin transporter availability in healthy smokers and 
nonsmokers. Synapse, 41, 275-284. 

Strandburg, R.J., March, J.T., Brown, W.S., Asarnow, R.F., Guthrie, D., & Higa, J. 
(1991). Reduced attention-related negative potentials in schizophrenic children. 
Electroencephalography and Clinical Neurophysiology. 79. 291-307. 

Strandburg, R.J., March, J.T., Brown, W.S., Asarnow, R.F., Guthrie, D., Higa, J., 
Yee-Bradbury, CM., & Nuechterlein, K.H. (1994). Reduced attention-related negative 
potentials in schizophrenic adults. Psychophvsiology. 31.272-281. 

Strauss, M.E., Buchanan, R.W., & Hale, J. (1993). Relations between attentional 
deficits and clinical symptoms in schizophrenic outpatients. Psychiatry Research. 47. 205-
213. 

Stroop, J.R. (1935) Studies of interference in serial verbal reactions. Journal of 
Experimental Psychology, 18, 643-662. 



Nicotine and schizophrenia 210 

Sullivan, E.V., Mathalon, D.H., Zipursky, R.B., Kersteen-Tucker, Z., Knight, R.T., & 
Pfefferbaum, A. (1993). Factors of the Wisconsin Card Sorting Test as measures of frontal-
lobe function in schizophrenia and in chronic alcoholism. Psychiatry Research. 46. 175-199. 

Sutton, S., Hakereem, G., Zubin, J., & Portnoy, H. (1961). The effect of shift of 
sensory modality on serial reaction time: A comparison of schizophrenics and normals. 
American Journal of Psychology, 74, 224-232. 

Sweet, R.A., Bergen, S.E., Sun, Z., Sampson, A.R., Pierri, J.N., & Lewis, D.A. 
(2004). Pyramidal cell size reduction in schizophrenia: Evidence for involvement of auditory 
feedforward circuits. Biological Psychiatry. 55.1128-1137. 

Taiminen, T.J., Salokangas, R.K.R., Saarijarvi, S., Niemi, H., Lehto, H., Ahola, V., & 
Syvalahti, E. (1998). Smoking and cognitive deficits in schizophrenia: A pilot study. 
Addictive Behaviors. 23(2). 263-266. 

Takegata, R., Paavilainen, P., Naatanen, R., & Winkler, I. (1999). Independent 
processing of changes in auditory single features and feature conjunctions in humans as 
indexed by the mismatch negativity. Neuroscience Letters, 266. 109-112. 

Tales, A., Newton, P., Troscianko, T., & Butler, S. (1999). Mismatch negativity in the 
visual modality. NeuroReport, 10, 3363-3367. 

Tauscher-Wisnieski, S. (1999). Cognitive processing slows before schizophrenia. 
Clinical Psychiatry News, 27(7), 1. 

Tecce, J.J., Savignano-Bowman, J., & Meinbresse, D. (1976). Contingent variation 
and the distraction-arousal hypothesis. Electroencephalography and Clinical 
Neurophysiology. 41(3). 277-286. 

Tervaniemi, M., Lehtokoski, A., Sinkkonen, J., Virtanen, J., Ilmoniemi, R., & 
Naatanen, R. (1999). Test-retest reliability of mismatch negativity. Clinical Neurophysiology, 
110(8). 1388-1393. 

Thaker, G.K. (2000). Defining the schizophrenia phenotype. Current Psychiatry 
Reports, 2(5). 398-403. 

Thonnessen, H., Zvyagintsev, M., Harke, K.C., Boers, F., Dammers, J., Norra, C , 
Mathiak, K. (2008). Optimized mismatch negativity paradigm reflects deficits in 
schizophrenia patients. Biological Psychology. 77. 205-216. 

Thornton, J.C., Dawe, S., Lee, C , Capstick, C , Corr, P.J., Cotter, P., Frangou, S., 
Gray, N.S., Russell, M.A., & Gray, J.A. (1996). Effects of nicotine and amphetamine on 
latent inhibition in human subjects. Psychopharmacology, 127(2), 164-173. 



Nicotine and schizophrenia 211 

Tiitinen, H., Alho, K., I luotilainen, M., Ilmoniemi, R.J., Simola, J., Naatanen, R. 
(1993). Tonotopic auditory cortex and the magnetoencephalographic (MEG) equivalent of 
the mismatch negativity. Psvchophysiology, 30, 537-540. 

Tobacco Advisory Group. (2001). Nicotine Addiction in Britain. London: Royal 
College of Physicians. Internet: http://www.rcplondon.ac.uk/pubs/books/nieotine/ Retrieved 
October 2004. 

Todd, J., Michie, P.T., Budd, T.W., Rock, D., & Jablensky, A.V. (2000). Auditory 
sensory memory in schizophrenia: Inadequate trace formation? Psychiatry Research, 96, 99-
115. 

Todd, J., Michie, P.T., & Jablensky, A.V. (2001). Do loudness cues contribute to 
duration mismatch negativity reduction in schizophrenia? NeuroReport. 12.4069-4073. 

Todd, J., Michie, P.T., & Jablensky, A.V. (2003). Association between reduced 
duration mismatch negativity (MM) and raised temporal discrimination thresholds in 
schizophrenia. Clinical Neurophysiology, 114. 2061-2070. 

Todd, J., Michie, P.T., Schall, U., Karayanidis, F., Yabe, H., & Naatanen, R. (2007). 
Deviant matters: Duration, frequency, and intensity deviants reveal different patterns of 
mismatch negativity reduction in early and late schizophrenia. Biological Psychiatry. June 20, 
2007 (epub ahead of print). 

Torrey, E.F., Barci, B.M., Webster, M.J., Bartko, J.J., Meador-Woodruff, J.H., & 
Knable, M.B. (2005). Neurochemical markers for schizophrenia, bipolar disorder, and major 
depression in postmortem brains. Biological Psychiatry, 57, 252-260. 

Townsend, L.A., Malla, A.K., & Norman, R.M.G. (2001). Cognitive functioning in 
stabilized first-episode psychosis patients. Psychiatry Research, 104. 119-131. 

Townsend, L.A., Norman, R.M., Malla, A.K., Rychlo, A.D., & Ahmed, R.R. (2002). 
Changes in cognitive functioning following comprehensive treatment for first episode 
patients with schizophrenia spectrum disorders. Psychiatry Research. 113(1-2). 69-81. 

Treisman, A.M. (1960). Contextual cues in selective listening. Quarterly Journal of 
Experimental Psychology. 12. 242-248. 

Treisman, A.M. (1988). Features and objects: the Fourteenth Bartlett Memorial 
Lecture. Quarterly Journal of Experimental Psychology, 40A, 201-237. 

Tsuang, M. (2000). Schizophrenia: Genes and environment. Biological Psychiatry. 
4L 210-220. 

http://www.rcplondon.ac.uk/pubs/books/nieotine/


Nicotine and schizophrenia 212 

Tulving, E. (1972). Episodic and semantic memory. In E. Tulving & W. Donaldson, 
(Eds.), Organization of Memory, (pp. 382-403). New York: Academic Press. 

Turetsky, B., Calkins, M., Light, G., Olincy, A., Radant, A., & Swordlow, N. (2007). 
Neurophysiological endephenotypes of schizophrenia: The viability of selected cndidate 
measures. Schizophrenia Bulletin, 33, 69-94. 

Turetsky, B., Colbath, E.A., & Gur, R.E. (1998). P300 subcomponent abnormalities 
in schizophrenia: II. Longitudinal stability and relationship to symptom change. Biological 
Psychiatry. 43,31-39. 

Umbricht, D., Javitt, D.C., Novak, G.P., Bates, J.A., Pollack, S., Lieberman, J., & 
Kane, J. (1998). Effects of clozapine on auditory event-related potentials in schizophrenia. 
Biological Psychiatry. 44. 716-725. 

Umbricht, D., Javitt, D.C., Novak, G.P., Bates, J.A., Pollak, S., Lieberman, J., & 
Kane, J. (1999). Effects of risperidone on auditory event-related potentials in schizophrenia. 
International Journal of Nueropsychopharmacology, 2, 229-304. 

Umbricht, D., Koller, R., & Bieber, K. (2004). Ketamine-induced deficits in encoding 
in healthy volunteers: Comparison to corresponding deficits in schizophrenia. Schizophrenia 
Research, 76, (Supplement 1). 21-22. 

Umbricht, D., Koller, R., Schmid, L., Skrabo, A., Grubel, C , Huber, T., Stassen, H. 
(2003). How specific are deficits in mismatch negativity generation to schizophrenia? 
Biological Psychiatry. 53. 1120-1131. 

Umbricht, D., & Krljes, S. (2005). Mismatch negativity in schizophrenia: A meta­
analysis. Schizophrenia Research. 76. 1-23. 

Umbricht, D., Schmid, L., Koller, R., Vollenweider, F.X., Hell, D., & Javitt, D.C. 
(2000). Ketamine-induced deficits in auditory and visual context-dependent processing in 
healthy volunteers: Implications for models of cognitive deficits in schizophrenia. Archives 
of General Psychiatry. 57. 1139-1147. 

Valkonen-Korhonen, M., Purhonen, M., Tarkka, I.M., Sipila, P., Partanen, J., Karhu, 
J., & Lehtonen, J. (2003). Altered auditory processing in acutely psychotic never-medicated 
first-episode patients. Cognitive Brain Research, 17. 747-758. 

van der Stelt, O., & Belger, A. (2007). Application of electroencephalography to the 
study of cognitive and brain functions in Schizophrenia. Schizophrenia Bulletin, 33(4). 955-
970. 



Nicotine and schizophrenia 213 

van der Stelt, O., Frye, J., Lieberman, J., & Belger, A. (2004). Impaired P3 generation 
reflects high-level and progressive neurocognitive dysfunction in schizophrenia. Archives of 
General Psychiatry, 61. 237-248. 

Velligan, D.I., Mahurin, R.K., Diamond, P.L., Hazletin, B.C., Eckert, S.L., & Miller, 
A.L. (1997). The functional significance of symptomatology and cognitive function in 
schizophrenia. Schizophrenia Research. 25. 21-31. 

Vogel, E.K., & Luck, S.J. (2000). The visual Nl component as an index of a 
discrimination process. Psychophysiology, 37. 190-203. 

Walker, E., & Harvey, P. (1986). Positive and negative symptoms in schizophrenia: 
Attentional performance correlates. Psychopathology, 19(6). 294-302. 

Wang, K., Fan, J., Dong, Y., Wang, C-q, Lee, T.M.C., & Posner, M.I. (2005). 
Selective impairment of attentional networks of orienting and executive control in 
schizophrenia. Schizophrenia Research, 78, 235-241. 

Ward, P.B., Catts, S.V., Allison, M., Fox, A.M., Michie, P.T., & McConaghy, N. 
(1991). Auditory selective attention and event-related potentials in schizophrenia. British 
Journal of Psychiatry. 158. 534-539. 

Waters, A. J., & Sutton, S.R. (2000). Direct and indirect effects of nicotine/smoking 
on cognition in humans. Addictive Behaviors, 25(1), 29-43. 

Wechsler, D. (1987). Wechsler Memory Scale - Revised. New York: Psychological 
Corporation. 

Weickert, T.W., & Goldberg, T.E. (2000). The course of cognitive impairment in 
patients with schizophrenia. In T. Sharma & P. Harvey (Eds.), Cognition in Schizophrenia: 
Impairments, Importance, and Treatment Strategies, (pp. 3-15). Oxford, UK: Oxford 
University Press. 

Weickert, T.W., Goldberg, T.E., Gold, J.M., Bigelow, L.B., Egan, M.F., & 
Weinberger, D.R. (2000). Cognitive impairments in patients with schizophrenia displaying 
preserved and compromised intellect. Archives of General Psychiatry, 57, 907-913. 

Weickert, T.W., Goldberg, T.E., Marenco, S., Bigelow, L.B., Egan, M.F., & 
Weinberger, D.R. (2003). Comparison of cognitive performances during a placebo period and 
an typical antipsychotic treatment period in schizophrenia: Critical examination of 
confounds. Neuropsychopharmacology, 28(8). 1491-500. 

Weinberger, D.R. (1987). Implications of the normal brain development for the 
pathogenesis of schizophrenia. Archives of General Psychiatry, 44, 660-669. 



Nicotine and schizophrenia 214 

Wciser, M, Reichenberg, A., Grotto, I., Yasvitzky, R., Rabinowitz, J., Lubin, G., 
Nahon, D., Knobler, H.Y., & Davidson, M. (2004). Higher rates of cigarette smoking in male 
adolescents before the onset of schizophrenia: A historical-prospective cohort study. 
American Journal of Psychiatry, 161, 1219-1223. 

Weiss, A.P., & Heckers, S. (1999). Neuroimaging of declarative memory in 
schizophrenia. Scandinavian Journal of Psychology, 42(3), 239-250. 

Wesnes, K.., & Warburton, D.M. (1984). Effects of scopolamine and nicotine on 
human rapid information processing performance. Psychopharmacology, 82, 147-150. 

Wesnes, K., Warburton, D.M., & Matz, B. (1983). Effects of nicotine on stimulus 
sensitivity and response bias in a visual vigilance task. Neuropsychobiology, 9,41-44. 

West, R., & Hack, S. (1991). Effect of cigarettes on memory search and subjective 
ratings. Pharmacology, Biochemistry and Behavior, 38, 281-286. 

West, R.J., & Jarvis, M.J. (1986). Effects of nicotine on finger tapping rate in non-
smokers. Pharmacology. Biochemistry and Behavior. 25. 727-731. 

Wetzel, N., Berti, S., Widmann, A., & Schroger, E. (2004). Distraction and 
reorientation in children: A behavioral and ERP study. Neuroreport, 15(8), 1355-1358. 

Wexler, B.E., Stevens, A.A., Bowers, A.A., Sernyak, M.J., & Goldman-Rakic, P.S. 
(1998). Word and tone working memory deficits in schizophrenia. Archives of General 
Psychiatry. 55.1093-1096. 

Wickens, CD. (1984). Processing resources in attention. In R. Parasuraman & D.R. 
Davies (Eds.), Varieties of Attention, (pp. 63-102). New York: Academic Press. 

Williams, L.M., Gordon, E., Wright, J., & Bahramali, H. (2000). Late component 
ERPs are associated with three syndromes in schizophrenia. International Journal of 
Neuroscience, 105, 37-52. 

Willner, P. (1997). The dopamine hypothesis of schizophrenia: Current status, future 
prospects. International Clinical Psychopharmacology, 12(6), 297-308. 

Wilson, F.A., O'Scalaidhe, S.P., & Goldman-Rakic, P.S. (1994). Functional 
synergism between putative garnma-aminoburyrate-containing neurons and pyramidal 
neurons in prefrontal cortex. Proceedings of the National Academy of Sciences, 91,4009-
4013. 

Winkler, I., Karmos, G., & Naatanen, R. (1996). Adaptive modeling of the unattended 
acoustic environment reflected in the mismatch negativity event-related potential. Brain 
Research, 742(1-2), 239-252. 



Nicotine and schizophrenia 215 

Woestenburg, J.C., Verbaten, M.N., & Slangen, J.L. (1983). The removal of the eye-
movement artifact from the EEG by regression analysis in the frequency domain. Biological 
Psychology. 16, 127-147. 

Woldorff, M.G. & Hillyard, S.A. (1991). Modulation of early auditory processing 
during selective listening to rapidly presented tones. Electroencephalography and Clinical 
Neurophysiology, 79,170-191. 

Wong, A.H.C., & Van Tol, H.H.M. (2003). Schizophrenia: From phenomenology to 
neurobiology. Neuroscience and Biobehavioral Reviews, 27, 269-306. 

Wonnacott, S. (1997). Presynaptic nicotine ACh receptors. Trends in Neuroscience, 
20,92-98. 

Wonnacott, S., Sidhpura, N., & Balfour, D.J. (2005). Nicotine: From molecular 
mechanisms to behaviour. Current Opinion in Pharmacology. 5. 53-59. 

Woodson, P.P., Baettig, K., Etkin, M.W., Kallman, W.M., Harry, G.J., Kallman, M.J., 
& Rosecrans, J. A. (1982). Effects of nicotine on visual evoked response. Pharmacology, 
Biochemistry and Behavior, 17. 915-920. 

Wynn, J.K., Light, G.A., Breitmeyer, B., Nuechterlein, K.H., & Green, M.F. (2005). 
Event-related gamma activity in schizophrenia patients during a visual backward-masking 
task. American Journal of Psychiatry, 162,2330-2336. 

Yago, E., Corral, M.J., & Escera, C. (2001). Activation of brain mechanisms of 
attention switching as a function of auditory frequency change. Cognitive Neuroscience. 12. 
4093-4097. 

Yamaguchi, S., & Knight, R.T. (1991). Anterior and posterior association cortex 
contributions to the somato-sensory P300. Journal of Neuroscience, 11,2039-2054. 

Yang, Y.K., Chiu, N.T., Chen, C.C., Chen, M., Yeh, T.L., & Lee, I.H. (2003). 
Correlation between fine motor activity and striatal dopamine D2 receptor density in patients 
with schizophrenia and healthy controls. Psychiatry Research: Neuroimaging, 123, 191-197. 

Yerkes, R.M. & Dodson, J.D. (1908). The relation of strength of stimulus to rapidity 
of habit-formation. Journal of Comparative Neurology and Psychology, 18,459-482. 

Youn, T., Park, H.J., Kim, J.J., Kim, M.S., & Kwon, J.S. (2003). Altered hemispheric 
asymmetry and positive symptoms in schizophrenia: Equivalent current dipole of auditory 



Nicotine and schizophrenia 216 

Zalla, T., Joyce, C , Szoke, A., Schurhoff, F., Pillon, B., Komano, O., Perez-Diaz, F., 
Bellivier, F., Alter, C , Dubois, B., Rouillon, F., Houde, O., & Leboyer, M. (2004). Executive 
dysfunctions as potential markers of familial vulnerability to bipolar disorder and 
schizophrenia. Psychiatry Research, 121, 207-217. 

Zammit, S., Allebeck, P., Dalman, C , Lundberg, I., Hemmingsson, T., & Lewis, G. 
(2003). Investigating the association between cigarette smoking and schizophrenia in a cohort 
study. American Journal of Psychiatry, 160(12). 2216-2221. 

Zhang, P., Chen, X., Yuan, P., Zhang, D., & He, S. (2006). The effect of visuospatial 
attentional load on the processing of irrelevant acoustic distractors. Neurolmage, 33, 715-
724. 

Ziedonis, D.M., & George, T.P. (1997). Schizophrenia and nicotine use: Report of a 
pilot smoking cessation program and review of neurobiological and clinical issues. 
Schizophrenia Bulletin. 23(2). 247-254. 

Zuckerman, M. (1992). What is a basic factor and which factors are basic? Turtles all 
the way down. Personality and Individual Differences, 13, 675-681. 



NART SCORE SHEET APPENDIX A 

Subject Name: 
Group: 
Code No. 

x.: error 
a£: correct 

Column 1 
Page 1 

Column 2 

DEBT 
DEBRIS 
AISLE 
REIGN 

.DEPOT 
SMILE 
LINGERIE 
RECIPE 
GOUGE 
HEER 
SUBTLE 
CATACOMB 
BOUQUET 
GAUGE 
COLONEL 

Column 1 

CELLIST 
INDICT 

] DENTE 
IMPUGN 

"CAPON 
RADIX 
AEON 
EPITOME 
EQUIVOCAL 
REIFY 
INDICES 
AS SIGN ATE 
TOPIARY 
CAVEAT 
SUPERFLUOUS 

SUBPOENA 
.PLACEBO 
PROCREATE 
PSALM 
BANAL 
RAREFY 
GIST 
CORPS 
HORS D'OEUVRE 

'SIEVE 
HIATUS 
GAUCHE 
ZEALOT 
PARADIGM 
FACADE 

Page 2 
Column 2 

LEVIATHAN 
PRELATE 

* QUADRUPED 
SIDEREAL 
ABSTEMIOUS 
BEATIFY 

' GAOLED 
DEMESNE 
SYNCOPE 
ENNUI 
DRACHM 

' CIDEVANT 
EPERGNE 
VIVACE 
TALIPES 
SYNECDOCHE 

VLQ= 128.7-.89 (x.errors)-
PIQ= 119.4-.42 (x errors) = 
FSIQ= 127.8-.78 (x errors)' 



APPENDIX B 

MODIFIED FAGERSTROM TEST FOR NICOTINE DEPENDENCE 

Please answer fine, answer for each question. 

1. How many cigarettes a day do you usually smoke? 

0 1 -10 0 21-30 
O 11 -20 O31ormore 

2. What type of cigarette do you smoke? 

0 Low nicotine (0.9 mg or less) 
O Medium nicotine (1.0 to 1.2 mg) 
O High nicotine (1.3 mg or more) 

3. How often do you inhale the smoke from your cigarette? 

O Never 
O Sometimes 
O Always 

4. How soon after you wake up do you smoke your first cigarette? 

O Within less than 5 minutes 
O Within 6 - 30 minutes . 
O Within 31 - 60 minutes 

5. Do you smoke more during the first two hours of the day than during the rest of the day? 

O No 
OYes .. 

6. Which cigarette would you most hate to give up? . • 

O The first cigarette in the morning . 
O Any cigarette other than the first one 

7. Do you find it difficult to refrain from smoking in places where it.is forbidden, such as public 
buildings, on airplanes or at work? 

ONo 
O Yes 

/ 
/ ' . ' • . ' • ' • • . ; '. , . 

8. Do you still smoke when you are so ill that you are in bed most of the day? 

ONo 
OYes 



APPENDIX C 

Date ID# 

Modified Reasons for Smoking Scale 

Using the scale below, write the number that most accurately indicates bow you feel 
about the statement on the blank line. 

1 = Never 
2 = Seldom 
3 = Occasionally 
4 = Frequently 
5 = Always 

/ 

/ 

. / 

1.1 smoke cigarettes to keep myself from slowing down. 

2. Handling a cigarette is part of the enjoyment of smoking it. 

3. Smoking cigarettes is pleasant and relaxing. 

4.1 light up a cigarette when I feel angry about something. I 

5. When I have run out of cigarettes, I find it almost unbearable until I can get one. 

6.1 smoke cigarettes automatically without even being aware of it. 

7. It is easier to talk and get along with other people when smoking. 

8.1 smoke cigarettes to stimulate me, to perk myself up. 

9. Part of the enjoyment of smoking a cigarette comes from the steps I take to light 

10.1 find cigarettes pleasurable. 

11. When I feel uncomfortable or upset about something, I light up a cigarette. 

12.1 am very much aware of the fact when I am not smoking a cigarette. 

13.1 light up a cigarette without realizing I still have one burning in the ashtray. 

14. While smoking I feel more confident with other people. 

15.1 smoke cigarettes to give me a «lift». 

16. When I smoke a cigarette, part of the enjoyment is watching the smoke as I exhale. / 

17.1 want a cigarette most when I am comfortable and relaxed. / / 

18. When I feel « blue » or want to take my mind off cares and worries, I smoke cigarettes. /_ 

19.1 get a real gnawing hunger for a cigarette when 1 haven't smoked in a while. / / 

20. I've found a cigarette in my mouth and did not remember putting it there. / / 

21.1 smoke much more when I am with other people. / / 

/ 



APPENDIX D 

TOBACCO WITHDRAWAL SYMPTOM CHECKLIST 

Date: ID# 

Test session: 

Below are a list of symptoms that may occur following abrupt cessation or reduction in the 
amount of cigarettes smoked. Please fill in the circle beside the answer that best describes how 
you are feeling right now. 

1. Irritability, frustration or anger 6. Depressed mood 

0 not present 
Omild 
O moderate 
O severe 

O not present 
O mild 
O moderate 
O severe 

2. Difficulty concentrating 7. Desire to smoke 

O not present 
O mild-
0 moderate 
O severe 

O not present 
O mild . 
O moderate 
O severe 

3. Restlessness 

O not present 
0 mild 
O moderate 
O severe SCORE: 

4. Anxiety, nervousness 

O not present 
O mild 
O moderate 
O severe 

5. Hunger 

O not present 
0 mild 
0 moderate 
O severe 


