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Abstract

Repetitive transcranial magnetic stimulation (rTMS) is a new frontier in the
examination of addictive behaviors and perhaps the development of new interventions.
This study examined differences in recruitment, eligibility, and retention among
smokers and nonsmokers in an rTMS study. We modeled participant eligibility and
study completion among eligible participants accounting for demographic differences
between smokers and nonsmokers. Nonsmokers were more likely than smokers to
remain eligible for the study after the in-person screen (84.2% versus 57.4%; OR 4.0
Cl: 1.0, 15.4, p=0.05) and to complete the study (87.5% versus 59.3%; OR=43.9
Cl: 2.8, 687.2, p=0.007). The preliminary findings suggest that careful screening for
drugs of abuse and brain abnormalities among smokers prior to administering rTMS is
warranted. More research is needed concerning the prevalence of brain abnormalities
in smokers. Smokers might need to be informed about a higher risk of incidental MRI

findings.

INTRODUCTION approach to perhaps developing new interventions for smoking
cessation. Nonetheless, rTMS is not a minimal risk procedure and
extensive screening processes are often involved which might

present a challenge for recruiting and retaining smokers.

Tobacco dependence is the greatest cause of preventable
death and disease in the US today (Department of Health and
Human Services [DHHS], 2004). Although 40-60% of smokers
make a quit attempt each year, most will relapse within 12
months [1]. New approaches are needed to increase the variety

As a non-invasive method for altering cortical excitability,
rTMS is increasingly being used as an experimental and clinical

and effectiveness of treatment options [2]. Recent evidence
suggests that relapse is influenced by the balance of activity in
brain systems involved with decision-making [3-6] and that these
systems are affected by neuromodulation of the dorsolateral
prefrontal cortex (DLPFC) [7-10] . Neuromodulation has been
shown to reduce cigarette consumption among treatment
seeking smokers, and in some instances, reduce craving to smoke
[11-14]. Repetitive transcranial magnetic stimulation (rTMS) is a
noninvasive means of modulating neuronal activity and a novel

tool to examine neuroplasticity, alter excitability in specific areas
of the brain, and treat a variety of disorders including depression,
mania, schizophrenia, obsessive-complusive disorder, panic
disorder, posttraumatic stress disorder [15]. rTMS delivered
over multiple sessions is now considered a safe and effective
treatment for medication resistant depression [16]. The acute
effects on neuronal activity are thought to be either excitatory
or inhibitory depending on the frequency of the pulses delivered
[15,17] although there are exceptions [18]. Low frequency rTMS
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(LF; < 3Hz) is believed to inhibit cortical excitability [19,20] and
high frequency (HF; >3Hz) to increase cortical excitability [21-
24]. Changes in cortical excitability induced by rTMS accumulate
in an additive fashion as the number of sessions increases over
days.

The primary safety concern with rTMS is inducing seizure,
a relatively serious complication; however, the adoption of
safety guidelines and screening procedures have made seizure
induction a rare occurrence [25-27]. rTMS screening procedures
are designed to minimize risk and include an extensive medical
history and often, but not always, include neuroimaging.
Neuroimaging is also used in stereotaxic systems (e.g., the
BrainSight Stereotaxic System, Rogue Research) to precisely
locate the area to be stimulated in the brain. Given the extensive
screening criteria and the multiple sessions involved with many
rTMS studies, some characteristic differences between smokers
and nonsmokers might affect the recruitment, eligibility, and
retention of participants and thus the generalizability of results.

Neuroimaging studies not associated with rTMS studies
suggest that smoking is associated with changes in cortical
volume, density, and chemistry [28]. Although changes in cortical
volume and density do not necessarily preclude administration
of rTMS, these characteristics suggest that there might be other
brain abnormalities that in fact do preclude safe administration
of rTMS. Smoking also is more common among persons with
psychiatric and substance use disorders [29], some of whom
might be judged to have an unacceptable risk for adverse
events from rTMS for tobacco dependence. A larger proportion
of smokers are of lower socioeconomic status (SES; i.e., lower
income and lower educational levels) [30], than nonsmokers.
Lower SES smokers might experience more barriers to attending
multiple sessions of rTMS. Physiologically and a psychologically,
smokers also tend to be less healthy than nonsmokers [31].

This study describes the recruitment, screening, enrollment,
and retention of smokers and nonsmokers in an rTMS study of
decision-making and cigarette consumption [32]. We expected
lower SES smokers to be disproportionately represented in the
initial among smoking participants and we expected smokers
to fail the screening criteria more frequently than nonsmokers
due to psychiatric disorders or other substance use. Given that
the recruitment and screening procedures were extensive and
similar for all participants, we expected to find few differences
between smokers and nonsmokers after the initial screening
processes, but were aware that attendance might have been
affected by SES (i.e., resources).

METHODS

Recruitment and screening

Smokers and nonsmokers were recruited through similar
advertisements placed in the same newspapers. All participants
underwent extensive telephone screening. If they passed the
telephone screening interview, they were invited to an in-
person screening visit and explicity informed that they would
be expected to pass a urine test for drugs of abuse (cocaine,
opiates, amphetamines, benzodiazapines, marijuana, and other
drugs of abuse) and a pregnancy test, if applicable, to be eligible

to participate. Inclusion criteria included 19-55 years of age,
English-speaking, right-handed, and no personal or family history
of epilepsy or seizures, no personal history of head injury with
unconsciousness, aneurysm, stroke, neurosurgery, psychiatric
disorder that required hospitalization, tinnitus, metal implants
in head, neck, or cochlea, pacemaker, migraine headaches,
medications that lower seizure threshold, and/or claustrophobia.
Participants could not be pregnant. Nonsmokers reported no
smoking in the past two years. Smokers were required to smoke
at least 10 cigarettes per day and have no plans to quit smoking
in the next 30 days.

After passing in-person screening, participants
consented, enrolled, and scheduled for a high-resolution MRI
of the head. Results of the MRI were used to screen for brain
abnormalities that would preclude administration of rTMS and
for precisely locating the stimulation site with the BrainSight
Stereotaxic System (Rogue Research, Inc.). The MRI was reviewed
by a staff radiologist and the study physician and if the results
revealed abnormalities that precluded the safe administration of
rTMS, participants were withdrawn from the study. Participants
with brain abnormalities that did not preclude the administration
of rTMS were eligible to continue.

were

Phase one of the parentstudy delivered three counterbalanced
conditions of high-frequency rTMS to both smokers and
nonsmokers (10Hz, 20Hz, and sham). To ensure that smokers
were not in withdrawal, smokers were required to smoke one
cigarette immediately before beginning session procedures. All
stimulation sessions were delivered over the left DLPFC guided
by the Brainsight System (Rogue Research, Inc.). Stimulations
are separated by at least 48 hours. Participants were paid $25
if they passed the in-person screening, $25 for the MRI visit, and
$25 for each session visit. Smokers were provided with two packs
of their preferred brand of cigarettes immediately after the visit
was complete. With the exception of the MRI visit, payment was
made in check immediately after the visit was complete.

Measures

Demographic information included age, sex, race, ethnicity,
partnered status (married or living with significant other),
household income, educational level, employment status, and type
of healthcare insurance. Household income was assessed with six
categories utilized by the US Census Bureau (<$10,000, $10,000
to $14,999, $15,000 to $24,999, $25,000 to $34,999, $35,000 to
$49,999, 2$50,000) (Census Bureau, 2000). Educational level
was assessed with years of completed education which was
grouped into four categories (< 12, 12, 13-14, and 2 15 years
of education). Educational level and household income were
combined into a composite measure of SES as follows: Values of
1 (lowest) to 4 (highest) were assigned to the four categories of
education. Values of 1 (lowest) to 6 (highest) were assigned to
the six categories of household income. Adding the income and
educational level values resulted in a discrete analogue SES scale
(range of 2 = lowest to 10= highest) [32].

Analyses

Demographic data were available for all those participants
who passed the in-person screen and were enrolled. Analysis of
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variance and x?were utilized to examine demographic differences
between smokers and nonsmokers and to examine differences
between smokers and nonsmokers at each step of the eligibility
and retention process.

With smoking status as the variable of interest, logistic
regressions were utilized to develop two models: 1) continued
participant eligibility once enrolled (i.e., through the MRI screen;
eligible, not eligible), and 2) once eligible, completing phase one
of the study (three rTMS sessions; completed, not completed).
Demographic differences between smokers and nonsmokers
were included in the model to account for these differences
between smokers and nonsmokers. A backward conditional
process eliminated variables with significance levels > 0.10 in
a step-wise manner. All demographic variables found to differ
significantly by smoking status were included in the models.
Significance was set at a = 0.05.

Table 1: Differences between smokers and nonsmokers.

Differences between smokers and nonsmokers
Non-
Smoker
(n=19) smoker | p-value
(n=47)
Age (mean, SD) 42.4(10.0) 392 0.26
! ) ) (11.2) )
Male (percent, n) 70.2 (33) | 36.8(7) 0.01
Race (percent, n) 0.22
White 63.8 (30) 189.5 (17)
African
American 31.9(15) | 10.5(2)
American
Indian 21() 0(0)
Other 21(1) 0(0)
Hispanic (percent, n) 2.1(1) 0(0) 0.52
Partnered (percent, n) 30.4 (14) | 36.8(7) 0.62
Household income (per- 0.04
cent, n)
<$10,000 42.6 (20) | 10.5(2)
$10-14,999 | 12.8(6) | 53 (1)
$15-24,999 | 19.1(9) | 15.8 (3)
$25-34,999 6.4 (3) 21.1 (4)
$35-49,999 6.4(3) | 15.8(3)
>$50,000 12.8(6) | 31.6(6)
Sg;‘cat“’“al level (mean, 12.7 (1.9) |15.4 (2.0)| <0.0001
Educational level (per- <0.0001
cent, n)
<12 years 19.1(9) | 5.3(1)
12 years 42.6 (20) | 53 (1)
13-14 years | 23.4 (11) | 15.8 (3)
> 15 years 14.9 (7) 73.7 (14)
Socioeconomic status
(mean, SD)* 49 (2.5) | 7.8(2.2) | <0.0001
Employment status 0.13
(percent, n)
Full-time 25.5(12) |52.6 (10)
Part-time | 23.4 (11) | 26.3 (5)
Retired 2.1(1) 0(0)
Disabled 21(1) 0(0)
Unemployed | 44.7 (21) | 15.8 (3)
Homemaker | 2.1 (1) 0(0)
Student 0(0) 5.3 (1)
Healthcare insurance <0.0001
type (percent, n)
Private 23.4(11) 178.9 (15)
Medicare 21(1) 0(0)
None 74.5 (35) | 21.1 (4)
*Socioeconomic status was a composite score comprised of educational
level and household income (range of 2 = lowest to 10= highest)

RESULTS

Participants who passed the in-person screen (n=66) were
60.6% male with a mean age 41.5 (SD 10.4) years; they were
71.2% white, 25.8% African-American, and 3% American Indian
or other; 98.5% non-Hispanic; and 32.3% partnered. They had a
mean of 13.5 (SD 2.3) years of education; 57.5% were employed
full- or part-time, 36.4% unemployed, and 6.0% retired, disabled,
homemakers, or students. About two-thirds of participants
(62.1%) reported household incomes less than $25,000; 39.4%
had private health insurance; 59.1% had no health insurance, and
1.5% had Medicare.

Differences between smokers and nonsmokers were
found for sex, household income, educational level, and health
insurance status. See Table 1. Smokers were more likely to be
male than nonsmokers (70.2% versus 36.8%; x* = 6.3, df = 1,
p=0.01). Smokers were generally of lower SES than nonsmokers,
M=4.9 (SD 2.5) versus M=7.8 (SD 2.2), F (1,65)=19.26, p<0.0001.
Smokers were more likely to have no health insurance than
nonsmokers (74.5% versus 21.1%; x* = 17.5,df = 2, p < 0.0001).
Differences between smokers and nonsmokers occurred at
nearly every step in the recruitment and retention process. See
Table 2. Statistically significant differences in participant attrition
occurred during the in-person screening where more smokers
failed the urine drug screen than nonsmokers (38.7% versus
9.5%; x*=6.4,df =1, p=0.01) even though all potential participants
were informed during the telephone screening interview that
they would be given a urine drug test and that eligibility was
contingent upon passing the drug screen. Although significance
did not reach .05, more brain abnormalities that precluded rTMS
were found among smokers than nonsmokers (18.2% versus 0%;
x?=3.3,df = 1, p=0.07). These abnormalities included evidence of
stroke (ischemic and infarct), multiple sclerosis, and past injury
as well as a notable cyst and an aneurysm. A brain abnormality
that did not preclude rTMS, a hemangioma, was found in one
other smoker. Follow-up analysis of variance determined that
the mean age of participants with abnormalities was no different
from the mean age of those without abnormalities (44.5 years
versus 41.1 years; F (1, 47) = .48, p=0.49).

The logistic regression models of eligibility and completing
phase one of the study included sex, SES, and healthcare
insurance status to account for differences between smoker
and nonsmokers. Because the SES composite score included
household income and educational level, the SES composite score
was included in lieu of the educational and household incomes
variables individually. Smoking status was the only variable that
remained in the model of eligibility. Of those who were passed the
in-person screening interview and were enrolled, nonsmokers
were significantly more likely than smokers to remain eligible
for the study (84.2% versus 57.4%; OR=4.0 CI: 1.0, 15.4, p=0.05).
The model for completing phase one of the study retained three
variables: sex, healthcare insurance status, and smoking status.
Smoking status was the only statistically significant variable. Of
those that were finally eligible for the study (n=43), nonsmokers
were significantly more likely than smokers to complete phase
one of the study (87.5% versus 59.3%; OR=43.9 CI: 2.8, 687.2,
p=0.007); women were more likely to complete the study than
men (63.2% versus 75.0%; OR=0.2 CI: 0, 1.0, p=0.06); those with
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Table 2: Retention of smokers and nonsmokers throughout the recruitment and eligibility process.

n=545 Screened by
telephone
Smokers Scheduled for in-person Nonsmokers
n=137 screen n=34
. Attended in-person Retained
0, = =
Retained 55% of those scheduled |n=75 screening (p=0.46) n=21 62% of those scheduled
Retained Passed in-person screening gggjlgfegttendees/
63% of attendees / 34% of n=47 and enrolled* n=19 560/0 of scheduled
scheduled (p=0.02) 0
Retained Retained
i 0,
70% of those who passed in-person n=33 E)b_tgl;lg;i MRI n=16 ?: A;:Sf;:(;S;QZEO/T;;ESf
screen / 24% of scheduled p=0- P ?
scheduled
Retained Passed MRI screen. Final Retained
82% of those who obtained MRI n=27 eligibility** n=16 100% of those who obtained MRI
gibility
20% of scheduled (p=0.07) / 47% of scheduled
Retained Completed at least one rTMS Retained
85% of those who passed the MRI |n=23 session n=16 100% of those who passed the
screen / 16% of scheduled (p=0.11) MRI screen / 47% of scheduled
Phase One Phas'e One
Retained Completed at least three Retained
n=16 rTMS sessions n=14 88% of those who attended
70% of those who attended at least .
. (p.0.55) at least one session / 41% of
one session / 12% of scheduled
scheduled
*In-person screen failures due to failing drug test; **MRI screen failures were due to abnormal findings in MRI that precluded safe administration of
rTMS; rTMS = repetitive transcranial magnetic stimulation.

no insurance were more likely to complete the study than those
with private insurance (72.0% versus 66.7%; OR= 6.8 CI:0.9,
53.7).

DISCUSSION

These findings indicate that recruiting and retaining smokers
for an rTMS study entails some particular challenges. The
primary challenges were related to screening for safety concerns.
Secondary concerns were related to attrition during and after the
screening processes. These findings have broad implications for
researchers and clinicians.

More smokers than nonsmokers possessed characteristics
that raised safety concerns for the delivery of rTMS. Although the
relatively high frequency of smokers who tested positive for drugs
of abuse even after being informed of the required drug screen
is curious, the prevalence of smoking is 2-3 times higher among
substance users than the general population so perhaps this
finding is unsurprising [29]. Of particular concern to us was our
finding that smokers presented with a higher frequency of brain
abnormalities. Recent meta-analyses suggest that the prevalence
of incidental findings from high-resolution MRI is about 4.3%, but
no studies to date stratify participants with incidental findings by
smoking status [33]. In our study, the prevalence of significant
incidental brain abnormalities was 12.2%. The rate for smokers
was 37.5% compared with nonsmokers whose rate was 0%.
Although this difference was not statistically significant (p=0.07),
this study was not powered to detect this difference and the
possibility exists that these results reflect a Type II error and/or
these findings indicate a significant trend. Additional research is
needed to determine if all smokers should be tested for drugs of

abuse prior to administration of rTMS. Additional research is also
needed to determine if brain abnormalities that preclude rTMS
administration indeed occur at a higher prevalence in smokers.
If so, this would have significant implication for smokers seeking
rTMS treatment for any disorder.

The prevalence of the incidental brain abnormalities in this
study warrants caution in the development of rTMS clinical and
study procedures that include smokers. Specific procedures
are needed to manage incidental findings from MRIs for rTMS
studies especially if MRIs become indicated for all smokers who
plan to undergo rTMS. Learning about a brain abnormality can
be distressing, especially if the prognosis is unclear and the
risks associated with intervention are high [26,33]. For example,
discovering an aneurysm is likely to require close monitoring
and perhaps an intervention with significant risk. Awareness
of the condition might affect many aspects of an individual’s
life [33]. While it is often necessary and prudent to screen
rTMS participants for brain abnormalities using MRI, and brain
imaging is necessary to assist in finely targeted rTMS delivery,
participants must be fully informed of the risks of the incidental
discovery of a brain abnormalities and researchers and clinicians
must have a plan in place to refer participants for follow up care.

Although we accounted for demographic differences, the
cumulative difference between smokers and nonsmokers in
retention after screening remained significant. We speculate that
statistically accounting for SES even with a composite measure,
which is generally a more powerful measure of SES than singular
measures [34] was not enough to account for the differences
in resources between smokers and nonsmokers and that there
are clearly other characteristics that we did not account for that
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contributed to this difference such as perhaps cognitive and/or
emotional resources.

The differences between smokers and nonsmokers
throughout the recruitment, eligibility, and retention process
indicates that smokers are more challenging to recruit and retain
in rTMS studies. While the reasons for the losses in retention
at nearly every step in the process are sometimes unclear, the
cumulative effects had a dramatic impact on recruitment efforts.
This finding indicates that enhanced recruitment and retention
strategies for smokers should be in place for rTMS studies that
recruit smokers. This also suggests that there might be differences
between smokers and nonsmokers that were not assessed in this
study, but can affect the comparability of the two groups.

Limitations of this off-project study include a small number
of participants, increasing the possibility of Type II errors. This
study was also limited by the few baseline characteristics that
we were able to utilize to examine differences between smokers
and nonsmokers, reducing our ability to more fully examine
factors that contributed to different recruitment and eligibility
outcomes. Additionally, the differences between smokers and
nonsmokers in this study might have been amplified because we
only recruited smokers with no plans to quit in the next 30 days.
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