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Scientific Background

Individuals with severe mental illnesses consume 35-44% of all cigarettes in the U.S., well
above their representation in the population.' This disproportionate level of smoking and limited access
to cessation treatment has led to exceptionally high tobacco-related mortality and morbidity rates
among smokers with schizophrenia.? Of those who attempt cessation, relapse rates are much higher
than found in the general population of smokers.® Recent literature suggests that this discrepancy may
be related to deficits in cognitive processes mediated by the prefrontal cortex (PFC). Specifically,
impaired executive function and working memory have been directly linked to cessation failure among
smokers with schizophrenia*®, and low cognitive control of impulsivity is strongly correlated with time to
relapse in the general population.®” Moreover, schizophrenia is associated with persistent cognitive
deficits, often linked to abnormal interaction among various brain regions, particularly right inferior
frontal gyrus (IFG) and ventral striatum, making it difficult to cope with prepotent stimuli (e.g., smoking-
related cues).*° Unfortunately, pharmacologic cessation treatments (e.g., Chantix, Wellbutrin) are only
modestly effective in helping smokers with schizophrenia quit.2'" To better assist this subset of highly
vulnerable smokers achieve abstinence, development of new cessation adjuncts are needed. One
promising route is the development of techniques that not only target underlying mechanisms that
maintain smoking, but also specifically improve cognitive control.

Cognitive enhancement therapy increases cognitive performance in schizophrenia patients,
particularly when working memory, processing speed, executive function, and social cognition are
targeted.'? Standard protocols are intensive, taking 18 months to complete, making standard therapy a
sub-optimal candidate for smoking cessation. However, the Cognitive Remediation (CR) component of
cognitive enhancement therapy focuses specifically on cognitive training and is less intensive and
lengthy. When combined with another cognition enhancement method, namely Transcranial Direct
Current Stimulation (tDCS), CR may provide a robust and time efficient method of improving cognitive
control among patients with schizophrenia. tDCS studies in our lab and others have demonstrated clear
enhancement of attention, working memory, and risk aversion using this technique™""; as well as
reductions in craving and amount of smoking. These findings, combined with knowledge of identified
cognitive deficits in schizophrenia and the relationship between cognitive function and smoking
cessation failure, suggest the potential of CR + tDCS to target cognitive deficits and smoking-related
reactivity among smokers with schizophrenia. Specifically, we hypothesize that CR + tDCS will
enhance cognitive control, reduce cue-induced craving and attenuate attentional bias (reaction time
and ERPs) to smoking stimuli. Further, we will examine if these changes are associated with reductions
in actual smoking behavior; and, we will explore the potential of CR + tDCS to increase quit intention
and confidence in quitting among smokers with schizophrenia. Our specific aims are as follows:

Study Objectives

Aim 1: Examine the effectiveness of CR + tDCS to improve behavioral and neurophysiological
measures of cognitive control among smokers with schizophrenia. Using a 2 X 2 factorial design
(n=20 per group) we will examine main and interactive effects of CR and tDCS on multiple measures of
cognitive control. Hypothesis: Combined CR + tDCS will result in greater improvement in MATRICS
measures of cognitive control, as well as continuous performance task (CPT) relative to the other
groups (CR + sham tDCS, AC + tDCS, AC + sham tDCS).

Aim 2: Determine the effectiveness of CR + tDCS to attenuate reactivity to smoking stimuli
among smokers with schizophrenia. Hypothesis: CR + tDCS will lead to greater reductions in cue-
induced craving, and improved reaction time and ERP measures of attentional bias relative to the other
groups (CR + sham tDCS, AC + tDCS, AC + sham tDCS).

Aim_3: Examine if cognitive control enhancement (Aim 1) and/or changes in reactivity to
smoking-related stimuli (Aim 2) predict reductions in measures of actual smoking behavior.
Hypothesis: Enhanced cognitive control and attenuation of reactivity to smoking stimuli will be directly



related to reductions in smoking topography (i.e., Latency to light, puff volume, and number of puffs)
within the CR + tDCS group.

Secondary Aim: To inform future clinical research, we will also explore whether changes in
cognitive control and smoking reactivity measures are associated with changes in quit intention and
confidence in quitting from baseline assessment to end of study by training condition.

Study design and methods

Using a 2 x 2 design we examined CR (CR, active control [AC]) X tDCS (active, sham) to enhance
cognitive control, reduce cue-induced craving, and attenuate attentional bias measures of reaction time
and ERPs to smoking stimuli; and, we determined the impact of these changes on smoking behavior
and intent to quit and confidence in quitting among daily smokers with schizophrenia. Participants were
assigned to active (2.0 mA) CR + tDCS, CR + sham (0.1 mA) tDCS, active control (AC) + active tDCS,
or AC + sham tDCS, each with anode electrode placement over the right inferior frontal gyrus (IFG) and
cathode electrode placement over the left bicep. Similar to our previous studies participants received 30
minutes of either active or sham tDCS during each visit, starting at the beginning of the CR training. AC
consisted of a self-paced knowledge- and vocabulary-based task in which participants were given
sequential multiple-choice questions about factual information at a 6th-grade level. Participants
underwent consecutive CR + tDCS sessions, 5 days a week, for 2 weeks. Cognitive control, cue-
induced craving and attentional bias (reaction time & ERPs), as well as smoking topography were
assessed during Week1 baseline testing and Assessment Week 4.

Procedures and protocol

Eligible participants will be invited to the Clinical Neurophysiology Research Lab for informed consent
and further screening, including CO, Smoking and Medical history, PANSS'8, Intention to quit'®,
Confidence in quitting,?° and hearing/vision testing to screen for sensory problems that may affect
cognitive and/or EEG testing. After initial screening on Day 1, participants will be randomized.
Randomization for the 4 groups will be stratified by current typical or atypical antipsychotic medication
to control for the potential interaction of tDCS with medication class. A randomization assignment list
will be generated for each category using a permuted 4 block design. Dropouts will be replaced.
Participants will then be scheduled for two baseline testing sessions, completed the same week as
initial screening. The first will utilize the MATRICS Clinical Consensus Battery (MCCB) for baseline
testing of cognitive measures. Participants will perform form A of the MCCB at baseline, which includes
composite scores for attention, processing speed, working memory, and reasoning/problem solving.
Participants will also complete behavioral tests of cognitive control, cue reactivity and attentional bias
during this visit. Participants will then complete a baseline EEG testing session on a separate visit in
the same week. Electrophysiological measures of cognitive control will be examined using the 'AX'-type
Continuous Performance Task (AX-CPT)?"2?2, Cue-induced craving and smoking topography will be
assessed with a pictorial cue reactivity paradigm,?® and attentional bias will be measured using a
modified stroop task.?* Following baseline testing (Week1), participants will return 5 days (M-F) for the
next 2 weeks for cognitive training with CR / tDCS and will receive the same tDCS condition in each
visit. In week 4, participants will perform follow-up testing using form B of the MCCB, behavioral tests of
cognitive control, cue-reactivity, and attentional bias on the first day, and EEG testing on the second.

Interventions.

Cognitive Remediation (CR). CR incorporates a subset of components from Cognitive
Enhancement Therapy found to have early benefits on the cognitive deficits of particular interest to the
proposed studies and can be conducted more time-efficiently to achieve our specific goals. This
abbreviated CR involves 20 hours of neurocognitive training using attention and processing speed
training software developed by Ben-Yishay and colleagues.?® Deficits in Attention are addressed with
exercises used to enhance vigilance and rapid decision making, inhibit irrelevant stimuli, and shift
attention between auditory and visual modalities. These exercises facilitate reaction time in a temporal
mode using auditory cues (The Attention Reaction Conditioner), spatial focusing with visual cues (the




Zero Accuracy Conditioner), and temporal vigilance with auditory and visual cues (Time Estimates).
Our experience with over 200 patients with schizophrenia reveals that they successfully progress
through these training exercises over the 20 hours of training. For the active control (AC) condition,
participants will complete a self-paced knowledge- and vocabulary-based task of the same duration as
CR to equate time spent on task, while omitting the cognitive control training aspect that is central to
CR.

Transcranial Direct Current Stimulation (tDCS). tDCS is a low-cost, portable method that is
well-tolerated by participants. The polarity of the current and the location of stimulating electrodes is an
important factor that influences its effects on neural activity, with positive polarization (anodal) at the
scalp inducing excitation of the underlying cortex, and negative polarization (cathodal) at the scalp
resulting in the opposite effect.?628 Functionally, cathodal tDCS suppresses while anodal stimulation
facilitates cortical excitability.?® Modeling studies suggest that layer IV and V pyramidal cells are most
affected by tDCS.* In PFC, these cells receive direct and indirect regulatory signals from the striatal
dopaminergic system, and striatal modulation of prefrontal pyramidal cells has been linked to cognitive
control.® We believe right inferior frontal gyrus to be the prime candidate for cognitive control
enhancement with tDCS, given recent published results showing that greater activation in the right IFG
during a standard Stroop task, but not striatum, was associated with greater reduction in cotinine
levels.323 Participants across the 4 conditions will be assigned to a group involving either active (2.0
mA) or sham (0.1 mA) tDCS, with anode electrode placement over the right IFG and cathode electrode
placement over the left bicep. tDCS will be administered the first thirty minutes of each of the 10 2-hour
CR sessions. During tDCS, patients will be monitored for possible negative side effects.

Measures.
Cognitive Control:

MATRICS Clinical Consensus Battery (MCCB). An abbreviated MCCB will be completed
before and after CR + tDCS. Subscales include: Attention: The Continuous Performance Test (CPT),
the Continuous Performance Test—Identical Pairs (CPT-IP), and the A-X Continuous Performance
Test (AX-CPT). Working memory: N-Back digit sequencing from the BACS, Spatial span from the
Wechsler Memory Scale, 3rd ed. (WMS-IIl), Letter-number sequencing from the WAIS-IIl, Spatial
delayed response task. Reasoning/problem solving: Block design from the WAIS-IIIl, Tower of London
from the BACS, Mazes and Categories from the Neuropsychological Assessment Battery, Penn
Conditional Exclusion Test, Sorting test from the Delis-Kaplan Executive Functioning Scale. To reduce
practice effects, two forms are available for most measures.

The Continuous Performance Test (CPT) is a go/no-go task requiring continuously
responding to frequent stimuli, and witholding response to a rare target stimulus. EEG will be recorded
this task. The AX-CPT also requires maintaining stimulus items in temporary memory store (respond to
the letter ‘X’ only when it follows the letter ‘A’). The AX-CPT can measure proactive cognitive control of
response inhibition. Additionally, a negative ERP, a contingent negative variation (CNV), and a
reduction in beta-band oscilations compared to baseline (event-related desynchronization (ERD)),
occur between the alerting stimulus (“A”) and target stimulus (“X”). Both are blunted in schizophrenia
patients® and this proactive control deficit may be part of problematic cognitive coordination in
schizophrenia®.

Smoking-related reactivity.

Attentional Bias (Reaction time and ERPs) Participants will be seated in front of a computer
with a four-button color response box. Four-word lists (two neutral and two smoking-related) of 15
words each, will be presented in a random order with no repeat. For each trial, a cross appears in the
center of the screen for 500ms followed by one word from the list in one of the four colors. Participants
respond by pressing the color button that matches the color in which the word appears. Reaction time
to respond to each word is recorded within the nearest ms. These procedures are similar to those used



in a past modified-stroop test with smokers.?* We will also examine EEG correlates of smoking
reactivity. In past studies, smokers have increased electrophysiological responses to smoking
compared to neutral images, such that their N200 and P300 ERPs are larger in response to smoking
stimuli. We will assess this response before and after CR + tDCS to examine neural correlates of
attentional bias related to increased N200 and P300 in smokers.

Cue-Induced craving and smoking topography. Participants’ reactivity to smoking-related
cues will also be assessed at Baseline and Week 4 Assessments. To equate time to last cigarette,
participants will light a cigarette and smoke as much or as little as they like prior to each the testing
session. Cue reactivity testing is computer automated. Following a practice trial, the participant will be
viewed by the experimenter on a monitor outside of the subject room to verify compliance with
instructions (sit back, focus on pictures, and fill out ratings), which appear on the screen. Four angles of
each pictorial cue will be presented for 4 smoking and 4 nonsmoking picture trials with self-report
ratings in between. Each cue trial will end with a computer prompt for subjects to complete post-trial
craving ratings on a 0-100 scale (4-item Questionnaire on Smoking Urges) After the ratings are filled
out for the last cue-reactivity trial, a screen will appear informing subjects that when the pictures return
they may smoke as much or as little as they like. They will then complete a 10-minute ad lib smoking /
cue-viewing period during which all smoking will occur through a CReSS cigarette holder, allowing for
topographical assessment of latency to light, puff volume, and number of puffs.

Eligibility Criteria
Inclusion Criteria:

1. Between the ages of 18 & 65.

2. Currently meets DSM-5 criteria for Schizophrenia, Schizoaffective Disorder, Schizophreniform
Disorder, or Delusional Disorder.

Ability to provide written informed consent

Smoke = 7 cigarettes per day

Expired breath CO = 10 ppm at screening

Stable medication regimen for = 4 weeks (If on more than one psychotropic medication, main
antipsychotic will be considered for stability)

Exclusion Criteria:

1. Epilepsy or Current Seizure Disorder

2. Alcohol or Substance Dependence past 3 months (caffeine allowed, nicotine is part of inclusion
criteria).

Pregnant or lactating

Psychiatric hospitalization in past 3 months

Suicidal and/or aggressive behavior past 3 months

Implanted cardiac or brain medical devices
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Data Analysis

Prior to hypothesis testing, descriptive statistics and graphic displays will identify outliers and
missing data and guide the use of transformations and appropriate tests. Correlation and
principal component analysis will identify any outcomes reflecting the same underlying
construct, and representative measures will be selected if necessary. We will use 2x2 ANOVA
to assess the effects of tDCS (vs sham) and CR (vs AC) on pre-post change scores for all
dependent variables. Should baseline differences be identified, post-training scores will be
used as dependent variables, and baseline (pre-training) scores will be included as covariates
in the analysis.
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