
Effects of smoking on the acoustic startle response and
prepulse inhibition in smokers with and without posttraumatic
stress disorder

Scott R. Vrana,
Virginia Commonwealth University, Richmond, VA, USA

Patrick S. Calhoun,
Durham Veterans Affairs Medical Center, 508 Fulton St. (116 B), Durham, NC 27705, USA.
Department of Psychiatry and Behavioral Sciences, Duke University Medical Center, Durham
Veterans Affairs Medical Center, Durham, NC 27705, USA. Veterans Affairs Mid-Atlantic Region
Mental Illness Research, Education, and Clinical Center, Durham, NC 27705, USA. Veterans
Affairs Center for Health Services Research in Primary Care, Durham, NC 27705, USA

F. Joseph McClernon,
Department of Psychiatry and Behavioral Sciences, Duke University Medical Center, Durham
Veterans Affairs Medical Center, Durham, NC 27705, USA

Michelle F. Dennis,
Durham Veterans Affairs Medical Center, 508 Fulton St. (116 B), Durham, NC 27705, USA.
Department of Psychiatry and Behavioral Sciences, Duke University Medical Center, Durham
Veterans Affairs Medical Center, Durham, NC 27705, USA

Sherman T. Lee, and
Durham Veterans Affairs Medical Center, 508 Fulton St. (116 B), Durham, NC 27705, USA

Jean C. Beckham
Durham Veterans Affairs Medical Center, 508 Fulton St. (116 B), Durham, NC 27705, USA.
Department of Psychiatry and Behavioral Sciences, Duke University Medical Center, Durham
Veterans Affairs Medical Center, Durham, NC 27705, USA. Veterans Affairs Mid-Atlantic Region
Mental Illness Research, Education, and Clinical Center, Durham, NC 27705, USA
Jean C. Beckham: jean.beckham@va.gov

Abstract
Rationale—Cigarette smokers smoke in part because nicotine helps regulate attention. Prepulse
inhibition (PPI) of the startle reflex is a measure of early attentional gating that is reduced in
abstinent smokers and in groups with attention regulation difficulties. Attention difficulties are
found in people with posttraumatic stress disorder (PTSD).

Objectives—The aim of this study is to assess whether smoking and abstinence differentially
affect the startle response and PPI in smokers with and without PTSD.

Methods—Startle response and PPI (prepulses at 60, 120, or 240 ms) were measured in smokers
with (N=39) and without (N=61) PTSD, while smoking and again while abstinent.
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Results—Participants with PTSD produced both larger magnitude and faster latency startle
responses than controls. Across groups, PPI was greater when smoking than when abstinent. The
PTSD and control group exhibited different patterns of PPI across prepulse intervals when
smoking and when abstinent. Older age was associated with reduced PPI, but only when abstinent
from smoking.

Conclusions—The effects of PTSD on startle magnitude and of smoking on PPI replicate earlier
studies. The different pattern of PPI exhibited in PTSD and control groups across prepulse
intervals, while smoking and abstinent suggests that previous research on smoking and PPI has
been limited by not including longer prepulse intervals, and that nicotine may affect the time
course as well as increasing the level of PPI. The reduced PPI among older participants during
abstinence suggests that nicotine may play a role in maintaining attention in older smokers, which
may motivate continued smoking in older individuals.

Keywords
Smoking; Abstinence; Prepulse inhibition; Attention; Acoustic startle reflex; Posttraumatic stress
disorder; Aging

Cigarette smoking is a major public health problem in the US and around the world.
Smoking tends to be especially prevalent among people with comorbid psychopathology:
between 50 and 80 % of those suffering from a mental illness are smokers, compared to
fewer than 40 % of those who have never had mental illness (Lasser et al. 2000). Smoking is
prevalent among people diagnosed with posttraumatic stress disorder (PTSD), with
population-based estimates suggesting that the smoking rate among people diagnosed with
PTSD is 45 %, compared to the rate of 23 % found in the general population (Lasser et al.
2000). The smoking rate is as high as 60 % among patients who seek help for PTSD
(Beckham et al. 1997; Beckham et al. 1995).

There are many potential reasons for the higher prevalence of smoking among individuals
with PTSD. For example, like virtually all smokers (Kassel et al. 2003), patients with PTSD
report that smoking cigarettes reduces their anxiety (Beckham et al. 2007). Compared to
non-PTSD smokers, negative affect and PTSD symptoms are significant antecedents to
smoking among PTSD smokers (Beckham et al. 2005). Furthermore, smoking urges,
negative affect, and PTSD symptoms are increased in response to trauma-related cues, and
distressing symptoms are decreased in smokers with and without PTSD after smoking a
cigarette with or without nicotine (Beckham et al. 2007).

Another possible reason is that nicotine helps to manage the cognitive and attentional
deficits found in PTSD. PTSD has been associated with neuropsychological and attentional
deficits (Beckham et al. 1998; Vasterling et al. 1998). Nicotine’s attention-enhancing
properties are well-known and extensively studied in both humans and animals (Bushnell et
al. 2000). Cognitive and attention deficits have been documented as well in psychiatric
disorders such as schizophrenia (Levin et al. 1996) and attention deficit hyperactivity
disorder (Ashare and Hawk Jr. 2012). Further, nicotine withdrawal may exacerbate
cognitive and attentional problems, which may contribute to smoking relapse (Heishman
1998; 1999).

For over 40 years, prepulse inhibition (PPI) of the acoustic startle reflex response has been
used to evaluate sensorimotor gating of attention in humans and other animals (Graham
1975). The startle response occurs to an intense and sudden-onset stimulus, and PPI refers to
a reduction in the magnitude of that response when a weaker stimulus (prepulse) occurs
between 30–500 ms before the startling stimulus. Inhibition of the startle reflex is thought to
reflect protection of the prepulse information, so that it can be adequately processed; thus,
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prepulse inhibition is considered an indication of early automatic attention regulation of
environmental stimuli (Braff et al. 2001). Persons with difficulty regulating early attentional
processes, such as persons with schizophrenia, exhibit reduced PPI (Braff et al. 2001).

The literature clearly implicates nicotine in PPI modulation. Although some sex differences
in the effect of nicotine have been reported (Ashare and Hawk Jr. 2012; Della Casa et al.
1998), smokers generally exhibit greater PPI after smoking than when abstinent (Ashare and
Hawk Jr. 2012; Duncan et al. 2001; Hutchinson et al. 2000; Kumari et al. 1996), and a
nicotine injection increases PPI in healthy nonsmokers and smokers (Kumari et al. 1997;
Postma et al. 2006). Further, smokers who are more dependent on nicotine (as measured by
the Fagerstrom test for nicotine dependence) exhibit less PPI during smoking withdrawal
than less-dependent smokers (Kumari and Gray 1999), implicating nicotine use in
moderating sensorimotor gating deficits among smokers.

A diagnostic characteristic of PTSD is hypervigilance and an exaggerated startle response
(American Psychiatric Association 1994). The evidence for larger magnitude startle
responses in those with PTSD is mixed, with findings of larger (Butler et al. 1990; Grillon et
al. 1998a; Holstein et al. 2010), smaller (Ornitz and Pynoos 1989), or equivalent (Grillon et
al. 1996; Jovanovic et al. 2009; Lipschitz et al. 2005) startle responses in people with PTSD
compared to control groups and a significant but small meta-analytic effect size (ES=.13)
(Pole 2007). The evidence for diminished PPI in people with PTSD is also mixed. Ornitz
and Pynoos (1989) found PPI deficits in children with PTSD. Grillon and colleagues (1996;
1998b) found deficits in Vietnam combat veterans, and more severe PTSD symptoms were
correlated with reduced PPI. Two other studies (Holstein et al. 2010; Lipschitz et al. 2005)
found reduced PPI in a group with PTSD compared to a non-PTSD group, though these
results were not statistically significant. Studies that have not found reduced PPI in a PTSD
sample have generally employed a trauma-exposed control (Butler et al. 1990) or fearful
stimuli (Grillon et al. 1998a; 1998b), thus it might be trauma exposure or stress that is
responsible for diminished PPI, a speculation supported by animal studies (Bakshi et al.
2007). A recent review stated that “drawing conclusions about PPI in patients with PTSD is
not possible yet” (Kohl et al. 2013).

It may be that people with deficits in automatically gating out sensory stimuli benefit more
from nicotine than do others. Individuals with chronic schizophrenia have difficulty with
sensorimotor gating, manifested in reduced PPI, among other measures (Braff and Geyer
1990). In a naturalistic experiment, individuals with schizophrenia who smoked right before
having their PPI measured had greater PPI than nonsmoking individuals with schizophrenia,
or individuals with schizophrenia who smoked but were abstinent immediately before the
PPI measurement (Kumari et al. 2001). In a more controlled study, smoking abstinence
reduced PPI, and smoking reinstated PPI, to a much greater extent in smokers with
schizophrenia than in controls (George et al. 2006). Smokers with schizophrenia had PPI
comparable to nonschizophrenic smokers, whereas among nonsmokers, individuals with
schizophrenia exhibited a PPI deficit compared to nonschizophrenics (Woznica et al. 2009).
An fMRI study suggested that brain circuits regulating PPI were more sensitive to a nicotine
injection in patients with schizophrenia than nonpatient controls (Postma et al. 2006). Thus,
it appears that smoking has a greater effect on PPI among smokers with schizophrenia than
those without schizophrenia, raising the possibility that the smoking rate among individuals
with schizophrenia is due in part to its enhancement of sensorimotor gating mechanisms. It
is not known, whether the sensorimotor gating deficits in people with PTSD would be
similarly improved by smoking.

Individuals with PTSD, like individuals with schizophrenia, have attention regulation
deficits, exhibit diminished PPI, and smoke cigarettes at a higher rate than the general
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population. However, it is not known whether, like smokers with schizophrenia, smokers
with PTSD are more sensitive to the sensorimotor gating effects of nicotine than smokers
without PTSD. This study assessed startle response magnitude and latency and PPI of startle
response magnitude in smokers with and without a current diagnosis of PTSD. All
participants were tested under smoking and abstinent conditions. Because men generally
have greater PPI than women (Braff et al. 2001; Swerdlow et al. 1999), and sex differences
in the effect of nicotine on PPI have been reported (Ashare and Hawk Jr. 2012; Della Casa
et al. 1998), participant sex was also investigated. It was hypothesized that participants
would exhibit greater PPI after smoking than while abstinent; and further, this effect would
be more prominent in smokers with PTSD than in smokers without PTSD.

Method
Participants

Thirty-nine smokers (24 women) with PTSD and 61 smokers (26 women) with no current
PTSD diagnosis completed two startle assessment sessions as part of a larger study on PTSD
and smoking cessation (Beckham et al. 2012). All participants provided informed consent
before participating in this institutional review board-approved study. Study eligibility
criteria included smoking at least ten cigarettes daily for the past year, willingness to make a
smoking cessation attempt, and age between 18 and 65. Participants who met the criteria for
current alcohol or other substance abuse or dependence, a current psychotic disorder
(including schizophrenia), or bipolar disorder with active manic symptoms were excluded
from both the PTSD and control groups. Additionally, potential participants were excluded
from either group if they used noncigarette forms of nicotine (e.g., cigars, pipes, and
chewing tobacco), had major unstable medical problems or major respiratory disorders, or
used bupropion or benzodi-azepines (Grillon and Baas 2003). Trauma history and PTSD
diagnosis were evaluated using the clinician-administered PTSD scale (Blake et al. 1995)
and the Trauma Life Events Questionnaire (Kubany et al. 2000). The structured clinical
interview for DSM-IV diagnosis (First et al. 1994) was administered to assess other Axis I
disorders (kappa across 14 raters for diagnoses was .94).

Procedure
Following the screening session, participants completed two identical startle reflex response
and PPI assessments separated by a week of electronic diary monitoring and two smoking
cessation counseling sessions based on the NCI Fresh start program (Lando et al. 1990). A
mean of 24.5 days (range 12–106) separated the two assessments. The second assessment
occurred on the participant’s smoking quit date, with overnight abstinence (from 10 p.m. the
night before) verified by a reduction of expired carbon monoxide based on a formula that
takes into account baseline CO levels (Rose and Behm 2004). Each PPI session included 24
total startle trials: 6 startle-alone trials and 6 trials each with the startle preceded by a
prepulse at 60, 120, and 240-ms stimulus onset interval. Each session began with a startle-
alone trial and proceeded in one of three pseudorandom orders, with the constraint that no
condition was repeated more than twice in a row, and each type of trial was represented
roughly equally in the first and the second set of 12 trials in each of the three orders.
Intertrial intervals averaged 25 s (range=17–51 s).

Assessment of acoustic startle response
Electromyographic (EMG) activity of the orbicularis oculi muscle was used as an index of
the startle response. EMG was collected from Ag/AgCl electrodes filled with isotonic gel
placed on the skin above the right orbicularis oculi, directly under the pupil and 10 mm
lateral. A ground electrode was attached to the forehead. The signal was online-amplified
(×1,000) and bandpass-filtered (5 kHz to 1.0 Hz). Signals were digitized at 250 Hz, passed
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to a PC-based BIOPAC MP100 data acquisition workstation, and saved to disk. The startle
(100 dB (A), 50 ms) and prepulse stimuli (70 dB (A), 20 ms) were broadband white noise
with instantaneous rise time presented binaurally through Sony model MDR-V600
headphones. Ambient noise was measured at roughly 55 dB (A) through the headphones.
Signal levels were calibrated to a standardized tone prior to each session with a sound
pressure meter fitted with a headphone adapter.

Data reduction and analyses
Raw EMG data was integrated (root mean square method) prior to scoring. Responses were
considered valid if (1) the trial was scorable (stable baseline, no artifact), and (2) a
deflection was observed beginning within 20–120 ms of startle onset. Response magnitude
was calculated for each trial by subtracting mean baseline EMG for the 25 ms prior to startle
onset from response peak. For trials with a valid response, response latency was calculated
in millisecond as the difference between the beginning of the startle stimulus to the initiation
of the response. For valid trials (stable baseline, no artifact) on which no response occurred,
response magnitude was scored as zero, and latency was coded as missing. Mean response
magnitude and latency were calculated separately for each startle condition (startle only, and
60, 120, and 240 ms prepulses intervals) in each session. In order to be included in data
analyses, a participant needed to have a minimum of two valid data points in each cell of the
startle condition × session design. This left 91 (34 PTSD) participants for response
magnitude analyses. Because a zero response, which is common in PPI studies, results in
missing latency data, there are more participants with fewer than two valid observations in
each cell, resulting in 84 (33 PTSD) participants in the response latency analyses. PPI of
response magnitude at each prepulse condition was calculated with the formula ((A−B)/A) ×
100, where A = the startle only mean and B = the PPI condition mean, so that larger
numbers indicate “more” prepulse inhibition. Maximum magnitude PPI is 100 %. To
eliminate outliers, PPI values more than two standard deviations below the mean (−300 %)
were coded as missing data.

The startle-alone magnitude and latency data were each analyzed using an ANOVA with
session (smoking, abstinent) × PTSD status (PTSD, control) × gender. Magnitude data were
log-transformed to normalize before analysis, but raw means are used for presentation
purposes. Percent PPI data were analyzed with a PPI condition (60, 120, and 240 ms) ×
session (smoking, abstinent) × PTSD status (PTSD, control) × gender ANOVA. Because
startle measures vary across the adult age range (Ellwanger et al. 2003; Ludewig et al.
2003), participant age was included as a covariate in all analyses. Greenhouse–Geisser
corrected p values and epsilons are reported for effects of PPI condition to protect against
sphericity.

Results
Participant characteristics

Characteristics of the participants at baseline are presented in Table 1. The groups did not
differ on demographic variables (age, gender, minority status, education, employment status,
marital status, and military veterans) or on baseline CO reading. However, compared to the
group without PTSD, the group with PTSD reported more previous traumas, negative affect,
past substance abuse or dependence, current depression and anxiety disorder diagnoses, and
higher Davidson trauma scale and Fagerstrom test for nicotine dependence scores.

Startle-alone
Magnitude of response to the startle-alone stimuli was larger for participants with PTSD
(M=0.045, SE=0.010) than for the control group (M=0.028, SE=0.008), F(1, 86)=7.51, p=.
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007, η2=.080. The PTSD × session interaction revealed a trend, F(1,86)=2.46, p=.121, η2=.
028, that showed the difference in startle magnitude between the PTSD and control group
was greater in the first (smoking) than the second (abstinence) session. In order to explore
whether smoking differentially affected people with and without PTSD, the difference
between smoking and abstinence sessions were explored for each group. Whereas the PTSD
group showed slightly larger startle magnitude in the smoking compared to the abstinence
session (M=.050 vs. .041), the control group exhibited slightly smaller startle magnitude in
the smoking compared to the abstinence session (M=.027 vs. .031). No other effect of
smoking session was significant, all Fs<0.5. Finally, younger participants had larger startle
magnitude than older participants, Age F(1, 86)=5.04, p=.027, η2=.055, β=−0.012.

Matching the response magnitude results, latency of response onset to the startle-alone
stimuli was faster for participants with PTSD (M=50 ms, SE=0.002) than for the control
group (M=57 ms, SE=0.002), F(1, 80)=7.04, p=.010, η2=.082. A marginal age effect, F(1,
80)=3.04, p=.085, η2=.038, β=.0005, indicated that younger age was associated with shorter
startle latency. No smoking session effects were significant, all Fs<1.5.

Prepulse inhibition
As expected, there was greater prepulse inhibition of startle magnitude in the smoking
session (M=53.0 %, SE=6.63) than in the abstinence session (M=37.5 %, SE=6.8), session
F(1, 71)=4.22, p=.044, η2=.056. The PTSD and control groups displayed different patterns
of PPI across the three PPI conditions, PPI condition × PTSD status F(2, 142)=3.76, p=.026,
ε=.992, η2=.050. The control group showed the pattern typically found in PPI studies, with
maximum PPI at the 120 ms prepulse position, and the PTSD group exhibited linearly
increasing PPI with longer prepulse–startle stimulus intervals, PPI condition × PTSD status
linear F(1, 71)=6.75, p=.011, η2=.087. In order to explore whether this effect was influenced
by smoking, separate PPI condition × PTSD status analyses of each session were conducted
(see Fig. 1). These analyses revealed that the interaction was significant only for the
abstinence session, F(2, 142)=3.96, p=.025, ε=.908, η2=.053. Follow-ups found the PTSD
group exhibited nonsignificantly less PPI at 60 and 120 ms and significantly greater PPI at
the 240 ms prepulse position. This pattern of results produced a trend in the session × PPI
condition × PTSD status interaction, F(2, 142)=1.63, p=.201, ε=.941, η2=.022.

Gender, like PTSD, interacted with the PPI pattern across sessions, session × PPI condition
× gender F(2, 142)=3.41, p=.039, ε=.941, η2=.046, though the pattern was less easily
explicable (see Table 2). Although men have greater PPI in nearly all conditions, as is
typically found (Swerdlow et al. 1999), this difference is reversed at the 120 ms interval in
the abstinence condition, resulting in significant (p<.03) quadratic trends, when each session
was analyzed separately.

Figure 2 shows that the relationship between age and PPI differed depending on session,
session × age F(1, 71)=6.65, p=.012, η2=.086. In the smoking session, there was a slight and
nonsignificant trend toward more PPI with increasing age, F=0.72; however, in the
abstinence session, PPI decreased with increasing age, F(1, 71)=5.51, p=.022, η2=.072, β=
−1.37.

Discussion
The main purpose of this study was to determine whether there are sensorimotor gating
differences (as measured by prepulse inhibition) between smokers with and without PTSD,
and whether smoking differentially affects gating in individuals with PTSD. Results found
that, when smoking, there is little difference in prepulse inhibition between individuals with
and without PTSD, though those with PTSD have nonsignificantly less PPI (see left panel,
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Fig. 1). When abstinent from smoking, there is the expected PPI reduction for both groups,
demonstrating nicotine withdrawal’s effect on sensorimotor gating. During abstinence, the
group diagnosed with PTSD, however, had lower PPI at 60 and 120 ms prepulse latencies
but significantly greater PPI at the 240 ms latency (see right panel, Fig. 1), suggesting that
their sensorimotor gating mechanism is slower than the group without PTSD. In addition,
the startle response in participants with PTSD was both larger in magnitude and faster in
latency to initiate than the startle response in smokers without PTSD, an effect consistent
with the diagnostic criteria of hypervigilance for PTSD (American Psychiatric Association
1994), and with a growing literature showing a small but consistent startle augmentation for
those with PTSD (Pole 2007).

Despite the status of exaggerated startle response as a diagnostic criterion for PTSD and its
significance in a meta-analytic comparison, greater startle response in a PTSD group
compared to controls has not been consistently detected (Pole 2007). Larger startle response
for the PTSD group compared to the control group was found in this study, with a small
effect size consistent with the Pole (2007) meta-analysis; furthermore, shorter response
latency, another measure of startle response augmentation that has rarely been reported in
PTSD research, was also exhibited in the PTSD group. Increased startle responses are
associated with hypervigilance to the environment and are seen in negative affective
contexts (Vrana et al. 1988), and it has been suggested that the exaggerated startle seen in
people with PTSD is due to their increased sensitivity to stressful environmental contexts
(Grillon et al. 1998b).

Smoking tends to decrease startle magnitude compared to abstinence and sometimes results
in significantly smaller startle response (Ashare and Hawk Jr. 2012), and this was the trend
found in the control group in this study. It is notable that, contrary to the control group and
to the general trend in the literature, the smokers with PTSD in this study sample exhibited
slightly (though nonsignificantly) greater startle magnitude while smoking than when
abstinent. This finding is consistent with our earlier data that, although people with PTSD
smoke in response to negative affect and PTSD symptoms (Beckham et al. 2005), and report
that smoking reduces their anxiety (Beckham et al. 2007), nicotine may actually increase
negative arousal and be ineffective in reducing negative affect and PTSD symptoms
(Beckham et al. 2007). Alternatively, it may be that, specifically for people with PTSD,
startle magnitude was increased by contextual anxiety in the first (smoking) session, and this
contextual anxiety (and thus startle magnitude) decreased by the second (abstinence) session
(Grillon et al. 1998b).

Across the sample, prepulse inhibition was greater when smoking than when abstinent,
consistent with the attention-enhancing properties of nicotine and the literature on smoking
and prepulse inhibition (Duncan et al. 2001; Hutchinson et al. 2000; Kumari et al. 1996).
Although smoking condition was confounded with session order in this study, with the
smoking session always preceding the abstinence session, this effect has been consistently
found, even when nicotine conditions are counterbalanced (Kumari et al. 1997). Further,
there is little evidence of habituation of PPI across sessions (Duncan et al. 2001; Postma et
al. 2001).

There was little evidence to support the hypotheses that people with PTSD would exhibit
less PPI than controls and would be more susceptible to nicotine’s enhancing effect on PPI.
The PTSD group displayed less PPI than the control group at all three prepulse intervals in
the smoking session and two out of three prepulse intervals in the smoking abstinence
session; however, these effects were very small and did not reach statistical significance
either individually or overall. On the other hand, in the longest (240 ms) prepulse interval of
the abstinence session, the PTSD group displayed significantly greater PPI than the control
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group. Greater PPI for people with PTSD has been found inconsistently (Pole 2007), and
only with a control group that has not experienced trauma (Holstein et al. 2010; Lipschitz et
al. 2005). Members of the control group in this study all reported trauma exposure, with an
average of 3.8 different trauma types. Thus, the finding of nonsignificantly greater PPI in the
control group compared to the PTSD group in five of six conditions is consistent with the
existent literature.

Instead of finding the hypothesized less PPI and greater susceptibility to nicotine among
people with PTSD than controls, we unexpectedly found a difference between the groups in
the pattern of PPI over the 60, 120, and 240 ms prepulse intervals (see Fig. 1). Maximum
PPI tends to occur at around the 120-ms interval, with slightly reduced PPI at the 240-ms
interval (Braff et al. 2001). In this study, both the PTSD and control groups maintained or
increased PPI through the 240-ms interval while smoking; whereas when abstinent, the
PTSD group exhibited increased PPI from 120 to 240 ms, and the control group showed a
sharp drop in PPI at 240 ms. Unfortunately, no other studies could be found examining the
effect of nicotine on PPI intervals longer than 120 ms; furthermore, it should be noted that
this pattern of data was not supported by a statistically significant three-way interaction.
More research is needed to determine whether nicotine affects the time course as well as the
overall level of PPI, and whether the increased PPI through 240 ms in the PTSD group
involves a sensorimotor gating response that is slower than normal. This latter possibility is
particularly intriguing, in that it may mean that people with PTSD need more time to process
any new stimulus to assure that it is not a threat—stimuli with an affective content require
more processing and produce PPI at longer intervals (Bradley et al. 1993). The longer
processing time that people with PTSD take to process the neutral prepulse may mean that
they automatically interpret any new stimulus as a threat.

Consistent with previous studies of startle response and other measures of neural speed and
function during aging (Ellwanger et al. 2003; Kok 2000; Ludewig et al. 2003), the startle
reflex response diminished in magnitude and latency in older participants. Prepulse
inhibition did not diminish with age in the smoking session, replicating other studies of PPI
in healthy adults across a similar age range (Ellwanger et al. 2003; Ludewig et al. 2003).
However, PPI did decrease with age in the abstinence session. Thus, while healthy adults
may not consistently show reduced sensorimotor gating with increased age, there may be a
group that does exhibit decreased attentional gating capacity, and they may smoke in part
because abstinence reduces this capacity (Kleykamp and Heishman 2011). Older
unsuccessful quitters may be the smokers who see the greatest decline in their cognitive
abilities and automatic stimulus processing when they make a quit attempt, or they find
cessation more difficult, as they face an age-related decline in cognitive capacities.

Many studies of startle magnitude and PPI in people with PTSD have sampled only or
primarily men, and this study expanded on previous work in examining men and women in
relatively equal numbers. One limitation in this regard, however, is that no information was
collected from female participants on the current phase of their menstrual cycle, with
women exhibiting a reduction of PPI in the luteal versus follicular phase of the menstrual
cycle (Swerdlow et al. 1997). Since the majority of female participants were premenopausal
(median age 42; 90 % were below 51, the average age of a woman having her last period),
this could have affected PPI data in unknown ways. Another sampling factor to consider is
that all participants in this study were willing to make a smoking cessation attempt. This
may be a particular issue in the smoking versus abstinence comparison, since the abstinence
session occurred for all participants on the first day of a cessation attempt. In this respect, it
is reassuring that the effects of abstinence on PPI in this study were consistent with the
effects found in studies of nontreatment seeking smokers.
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In summary, exaggerated startle responses were found for smokers with PTSD when
compared to without PTSD, consistent with previous research and the disorder’s diagnostic
criterion, and smoking increased prepulse inhibition of the startle response, consistent with
previous work on the attention-enhancing properties of nicotine. Smokers with PTSD did
not exhibit reduced PPI compared to control participants, and smoking did not differentially
improve PPI in the PTSD group. However, when abstinent, the PTSD and control groups did
exhibit a different pattern of PPI across prepulse intervals. The control group showed a
significant reduction in PPI at the 240-ms prepulse interval when abstinent compared to
when smoking, whereas the PTSD group did not. This suggests that previous research on
smoking and PPI has been limited by not including longer prepulse intervals, and that
nicotine may affect the time course as well as increasing the level of prepulse inhibition.
Finally, PPI was reduced in older subjects during the abstinent condition, suggesting that
nicotine may play a role in maintaining attention in older smokers, and this may be a factor
that motivates continues smoking in older individuals.
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Fig 1.
Prepulse inhibition mean (and SE) during smoking and abstinence for the PTSD and the
control group
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Fig 2.
The relationship between prepulse inhibition and age during smoking and abstinence
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Table 1

Demographics and clinical characteristics

PTSD (n=39) W/out PTSD (n=61) Test statistic

Gender (female) 61.5 % (24) 42.6 % (26) χ2=3.40, p=.06, ns

Age (years) 41.7 (11.3) 42.3 (10.4) t=−.31, p=.76, ns

Minority 59.0 % (23) 70.5 % (43) χ2=1.40, p=.24, ns

Married 18.0 % (7) 14.8 % (9) χ2=0.18, p=.67, ns

Education 12.6 (1.9) 12.9 (2.9) t=.56, p=.57, ns

Employed 51.3 % (20) 55.7 % (34) χ2=0.19, p=.66, ns

Veteran 25.6 % (10) 23.0 % (14) χ2=.09, p=.76, ns

# Trauma types with fear, helplessness, or horror 9.3 (3.4) 3.8 (3.4) t=−7.82, p<.0001

Current MDD diagnosis 30.8 % (12) 1.6 % (1) χ2=17.8, p=.001

Current other anxiety disorder 30.8 % (12) 6.6 % (4) χ2=10.38, p=.001

Past substance abuse or dependence 92 % (36) 67.2 % (41) χ2=8.4, p=.004

FTND score 6.1 (2.1) 5.2 (2.0) t=−2.02, p=.05

Davidson trauma scale 66.8 (25.0) 19.1 (33.3) t=−7.7, p=.0001

Negative affect 23.8 (8.7) 15.7 (5.5) t=−5.2, p=.0001

Baseline CO reading 25.5 (13.3) 24.4 (11.3) t=−0.44, p=.66, ns
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