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Abstract
Rationale—The default mode network (DMN), one of several resting-state networks (RSN) in
the brain, is thought to be involved in self-referential thought, awareness, and episodic memories.
Nicotine improves cognitive performance, in part by improving attention. Nicotinic agonists have
been shown to decrease activity in regions within DMN and increase activity in regions involved
in visual attention during effortful processing of external stimuli. It is unknown if these
pharmacological effects also occur in the absence of effortful processing.

Objectives—This study aims to determine if nicotine suppresses activity in default mode and
enhances activity in extra-striate RSNs in the absence of an external visual task.

Methods—Within-subject, single-blinded, counterbalanced study of 19 non-smoking subjects
who had resting functional MRI scans after 7 mg nicotine or placebo patch. Group independent
component analysis was performed. The DMN component was identified by spatial correlation
with a reference DMN mask. A visual attention component was identified by spatial correlation
with an extra-striate mask. Analyses were conducted using statistical parametric mapping.
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Results—Nicotine was associated with decreased activity in regions within the DMN and
increased activity in extra-striate regions.

Conclusions—Suppression of DMN and enhancement of extra-striate resting-state activity in
the absence of visual stimuli or effortful processing suggest that nicotine’s cognitive effects may
involve a shift in activity from networks that process internal to those that process external
information. This is a potential mechanism by which cholinergic agonists may have a beneficial
effect in diseases associated with altered resting-state activity.

Keywords
Resting-state networks; Default mode network; Nicotine; Attention; Posterior cingulate; Extra-
striate cortex

Introduction
Acute administration of nicotine can enhance performance across many cognitive domains,
especially those involving attention, vigilance, and working memory (Foulds et al. 1996;
Rezvani and Levin 2001; Swan and Lessov-Schlaggar 2007). Improvements in performance
have been consistently observed in nicotine-dependent individuals and also reported in
minimally deprived smokers and non-smokers, suggesting an effect beyond that of
withdrawal alleviation alone. The mechanisms of cognitive enhancement are unknown but
likely involve neuronal activation directly through nicotinic cholinergic receptors (Poorthuis
et al. 2009), and indirectly through modulation of glutamate, GABA, or dopamine
neurotransmission, or MAO inhibitors (Brody et al. 2004; Swan and Lessov-Schlaggar
2007).

To understand nicotine’s effects on cognition at the circuit level, numerous studies have
examined the blood-oxygen-level-dependent (BOLD) functional MR imaging (fMRI)
response to nicotine or nicotinic cholinergic agonists during cognitive tasks, most often
involving memory (Kumari et al. 2003) or attention (Thiel et al. 2005; Lawrence et al. 2002;
Hahn et al. 2007). Several studies have reported nicotine-associated reduction in the BOLD
response in parietal regions during target-detection tasks (Thiel et al. 2005; Giessing et al.
2006; Thiel and Fink 2008; Hahn et al. 2007). Reduced medial parietal activity has also been
reported with the nicotinic agonist physostigmine, a cholinesterase inhibitor, in subjects
performing a sustained attention task (Bentley et al. 2004). The overlap between nicotine-
associated decreased activity in medial parietal and posterior cingulate cortex and the
“default network” supports the hypothesis that nicotine enhances cognitive performance, in
part, by suppressing default mode network (DMN) activity (Hahn et al. 2007).

The DMN is one of the several brain networks that show spontaneous, synchronous low-
frequency fluctuations at rest. The DMN has been identified as deactivating during effortful
tasks and is comprised by the posterior cingulate cortex, medial prefrontal cortex, medial
and inferior-lateral parietal and medial temporal lobes. The DMN concept arose from the
observation of deactivation in these regions during cognitive tasks, or conversely, activation
during baseline states (Raichle et al. 2001). The degree of deactivation or suppression is
proportional to the demands of the task (McKiernan et al. 2003) suggesting a reallocation of
resources away from DMN toward regions involved in task performance. Resting brain
“activity” has been conceptualized as an antagonism or “toggle” between an introspective,
task-negative default network and an extrospective, task-positive network (Broyd et al.
2009). Nicotine may improve cognitive performance by enhancing extrospective task-
positive networks such as those that involve visuospatial attention, while suppressing
introspective, task-negative networks. Previous studies have focused on nicotine’s effects on
brain activity with cognitively demanding tasks involving attention, information processing,
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and memory. It has not been shown whether nicotine’s effect on DMN or other resting-state
networks (RSNs) occurs in the absence of external tasks. Such a finding would support a
sensory-driven pharmacological mechanism of nicotine’s effect on cognition. The purpose
of this study was to test the hypothesis that nicotine, but not placebo, would be associated
with decreased activity in DMN regions in the absence of an external task.

While the DMN has received much attention in the literature, it is only one of several RSNs
characterized by spontaneous, synchronous, low-frequency fluctuations. Other major RSNs
include sensorimotor, visual, auditory, dorsal attention, and executive control networks
(Biswal et al. 1995; Zhang and Raichle 2010). Among the RSNs, a high degree of inter-
subject consistency has been shown for the peri-striate visual association network
(Damoiseaux et al. 2006). Because nicotine is known to improve visual attention, our second
hypothesis was that nicotine, but not placebo, would be associated with increased resting-
state activity in the extra-striate cortex, consistent with enhancement in visual attention
areas, in the absence of visual stimuli.

Methods
Subjects

Twenty-five healthy adults participated in the study. After a nicotine tolerance session,
described below, four did not return for imaging sessions due to side effects from the
nicotine (two experienced significant nausea and two experienced both nausea and emesis)
and one subject moved out of state. One subject did not complete all scanning sessions. We
report on the remaining 19 (11 male and 8 female) subjects (average age of 30 years, SD 9).
Three of 19 were considered former smokers (one was abstinent for 3 years and had a
lifetime use of 100 cigarettes; one was abstinent for 22 years and smoked 2–3 months; one
was abstinent for 3 years and had a lifetime use of 20 cigarettes). Three subjects had smoked
fewer than five cigarettes in their lifetime. All subjects were nicotine-free for at least 3 years
prior to the study. Subjects underwent Structured Clinical Interview (SCID) and were
excluded for axis I disorders including schizophrenia, bipolar disorder, depression, anxiety,
and lifetime substance dependence. Subjects were not excluded for any lifetime conditions.
One subject had a single episode of depression 9 years prior to study entry. No others
reported a past diagnosis. Additional exclusions were neurological illness, prior significant
head trauma, and major medical illness. Subjects provided written informed consent as
approved by the Colorado Multiple Institutional Review Board.

Experimental design and drug administration
This was a single-blinded, placebo-controlled, cross-over study comparing the effects of
nicotine vs. placebo patch on the DMN and extra-striate network during rest with eyes
closed. The physician who was aware of the drug condition (L.F.M.) was not involved with
the MRI data analysis and blinded the data so that the researchers involved with data
analysis were blinded to drug condition. Subjects participated in three visits separated by
approximately 1 week. During the first visit, medical, psychiatric, and smoking history were
obtained. Subjects underwent a nicotine tolerance study. A 7 mg transdermal nicotine
(Nicoderm CQ) clear patch (Alza Corp, subsidiary of Johnson & Johnson, New Brunswick,
NJ, USA) was applied for 90 min. Tape was placed over the patch to maintain the single-
blind status. During this time, blood pressure, heart rate, and subjective reporting of side
effects were recorded at baseline, 30, 60, and 90 min.

During the second and third visits, subjects underwent fMRI of the brain before and after
receiving nicotine patch (7 mg Nicoderm CQ clear patch) covered with tape during one of
these visits and a placebo patch (two pieces of medical tape cut to the size of the nicotine
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patch) during the other session. Nine subjects received nicotine first and ten received
placebo first. Resting fMRI scans were acquired 90 min after application of the patch,
corresponding to previous work showing near peak levels for the Alza transdermal system
(Fant et al. 2000). For purposes of blinding, the patch and tape overlay were applied and
removed with the subjects’ eyes closed. After removal of the patches, bandage tape was
applied to the site to conceal clues about the patch based on erythematous skin appearance.

MRI parameters
Images were acquired on a 3T whole body MR scanner (General Electric, Milwaukee, WI,
USA) using a standard quadrature head coil. A high-resolution 3D T1-weighted anatomic
scan was collected. Functional scans were acquired with the following parameters: TR 2,000
ms, TE 32 ms, FOV 240 mm2, matrix 64×64, voxel size 3.75× 3.75 mm2, slice thickness 3
mm, gap 0.5 mm, interleaved, flip angle 70°. Resting fMRI scan duration was 10 min.
Subjects were instructed to rest with eyes closed. The study was performed along with a
parametric finger tapping fMRI study that will be reported separately. An MR-compatible
photoplethysmograph was used to record heartbeat and respiratory fluctuations during the
MR scan. The signal was sampled every 25 msec.

MRI data analysis
fMRI data were pre-processed using SPM8 (Wellcome Dept. of Imaging Neuroscience,
London, UK) running on Matlab R2009b. The first four images were excluded for saturation
effects. Images were realigned to the first volume, normalized to the Montreal Neurological
Institute (MNI) space, and spatially smoothed with an 8-mm FWHM Gaussian kernel.

Spatial independent component analysis (ICA) was performed using GIFT software v1.3g
(http://icatb.sourceforge.net) (Calhoun et al. 2001). Group ICA was conducted separately for
four conditions: post-placebo, pre-placebo, post-nicotine, pre-nicotine. For each condition,
the dimensionality of the data from each subject was reduced using principle component
analysis and concatenated into an aggregate data set. Twenty independent sources were
estimated with an ICA using the infomax algorithm (Bell and Sejnowski 1995). The
rationale for selecting 20 components was (1) it was the default parameter in GIFT and (2)
previous work comparing across ICA methods, components, and RSNs showed that 20
components was associated with overall highest consistency, based on temporal and spatial
correlations (Schopf et al. 2010).

Component selection by template matching
Default mode network (DMN)—The DMN component was identified by selecting the
component with the highest spatial correlation to the DMN template supplied by the GIFT
software. This method of component selection has been described previously (Calhoun et al.
2008; Correa et al. 2007). The template is a weighted atlas-based mask consisting of
posterior cingulate cortex, posterior parietal cortex, precuneus, frontal pole, and
occipitotemporal junction. Weighting of posterior and anterior cingulate nodes has been
shown to improve reliability in identifying resting-state DMN(Franco et al. 2009).

Visuospatial attention—To determine if nicotine increased resting-state activity in
regions involved in visuospatial attention, an extra-striate template was created using the
WFU Pickatlas (http://www.fmri/wfubmc.edu). The template was defined by combining
Brodmann Area (BA) 18 and 19, and smoothing the result with an 8-mm FWHM Gaussian
kernel to match the functional data, similar to other atlas-based approaches for defining
other RSNs (Calhoun et al. 2008).

Tanabe et al. Page 4

Psychopharmacology (Berl). Author manuscript; available in PMC 2012 November 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://icatb.sourceforge.net
http://www.fmri/wfubmc.edu


Removal of physiological component
The analysis above was repeated after removing the component corresponding to aliased
heartbeat. This was performed by down-sampling the heartbeat to 2 s (equal to TR) for each
subject, followed by identification and removal of the component with the highest temporal
correlation to the down-sampled heartbeat.

Statistical comparison of images
Component maps were analyzed using a 2×2, repeated measures ANOVA (rmANOVA),
with drug and session as within-subject factors. To test the hypothesis that nicotine would
decrease activity in DMN, directionally specific, planned t-contrasts of post-nicotine<pre-
nicotine and post-placebo<pre-placebo were performed. To test the hypothesis that nicotine
would increase activity in extra-striate visual regions, directionally specific, planned t-
contrasts of post-nicotine>pre-nicotine and post-placebo>pre-placebo were performed.
Contrast maps were set at threshold of p<0.001 and masked with the effect of condition, set
at p<10−6. The t-statistic for these contrasts control for within-subject effects.

We next tested for a drug (nicotine vs. placebo) by session (pre vs. post-patch) interaction.
Because we did not hypothesize an effect of placebo or session, these analyses were
considered exploratory, and therefore, contrast maps of the interaction were set at a
threshold of p<0.05 and masked with the effect of condition, set at p<10−6.

Spectral analysis group comparison
The statistical image analyses above test for differences in signal amplitude or signal
strength for a given component. Those differences may arise from any number of frequency
signatures, and are not limited to the low frequencies characteristic of RSNs, in the range of
0.01 to 0.12 Hz (Cordes et al. 2001). To assess the effect of nicotine on this low-frequency
range, we compared the spectral power before and after nicotine for the DMN and extra-
striate networks separately. Low-frequency signals were arbitrarily assigned to bins of 0.02–
0.07 Hz and 0.08–0.12 Hz using the spectral comparison utility in GIFT.

Physiological data
Heart rate measured outside of and in the scanner and mean arterial blood pressure (MABP)
measured outside the scanner were analyzed with rmANOVA with time and drug as within-
subject factors (SPSS).

Results
Physiological measures

Outside the scanner
Heart rate: There was no main effect of time, drug, or drug by time interaction across the
four time periods (baseline, 30, 60, and 90 min after patch) on heart rate. Blood pressure:
There was no main effect of drug or interaction of drug by time on MABP. There was a
main effect of time on MABP (F(3,48)=6.26, p=0.001) with a quadratic increase over time
(Table 1).

Heart rate during scanning—Thirteen of the 76 heartbeat tracings acquired during MR
scans were excluded due to poor quality. Of the remaining 63 data points, there was no main
effect of drug on heart rate during MR scanning. There was an effect of time (F(1, 9)=9.12,
p=0.014), with heart rate lower in the second compared to the first session (69.30 (2.84) vs.
66.1 (3.14), pre-patch vs. post-patch). There was a drug by time interaction (F(1,9)=8.7,
p=0.016) with placebo associated with a lowering heart rate (65.88 (10.31) vs. 59.75
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(10.74), pre-placebo vs. post-placebo), whereas nicotine was not associated with a change in
heart rate (64.13 (10.97) vs. 66.53 (10.74), pre-nicotine vs. post-nicotine).

Effect of nicotine on default mode network (DMN)
Compared to baseline, nicotine was associated with a decrease in activity in the default
network in the posterior cingulate cortex, precuneus, paracentral lobule, and medial
orbitofrontal cortex (Fig. 1; Table 2). Compared to baseline, placebo was associated with a
smaller extent of decreased activity in default network regions: precuneus, paracentral
lobule, and angular gyrus (Fig. 1; Table 2).

A drug by session interaction was observed in the precuneus and posterior cingulate.
Nicotine was associated with a decrease and placebo associated with an increase in activity
in precuneus (Fig. 2, right; Table 2). Nicotine was associated with greater reduction in DMN
in posterior cingulate region compared to placebo (Fig. 2, left; Table 2).

Effect of nicotine on default mode network activity after physiological correction
Thirteen of the 76 heartbeat tracings acquired during MR scans were excluded due to poor
quality. Excluded data were distributed similarly over the four conditions. For the remaining
63 data sets, the aliased heartbeat was removed using the GIFT utility for component
removal. There was no significant change in the statistical contrast maps after removing this
component.

Effect of nicotine on extra-striate cortex
Compared to baseline, nicotine was associated with an increase in resting-state activity in
bilateral extra-striate cortex. Compared to baseline, placebo was associated with an increase
in resting-state activity in the cuneus (Table 3). There was an interaction between session
and drug in bilateral extra-striate regions (BA 18, 19, and 37), with nicotine associated with
an increase in activity and placebo not significantly changed (Fig. 3; Table 3).

Spectral power comparison
For the DMN component, nicotine was associated with a decrease in power, consistent with
lower amplitude resting-state signal fluctuations. For the extra-striate component, nicotine
was associated with a slight decrease in power in the very low (0.02–0.07 Hz), but much
larger increase in power in the low (0.08–0.12 Hz) frequency range, suggesting an overall
increase in amplitude of resting-state signal fluctuations (Fig. 4).

Discussion
The main finding of this study is that nicotine was associated with reduced default network
activity in non-smokers during true rest; that is, in the absence of an externally cued
cognitively demanding task. This is consistent with previous studies demonstrating reduced
BOLD-related activity in regions within the DMN after acute administration of nicotine or
nicotinic cholinergic agonists (Bentley et al. 2004; Hahn et al. 2007; Thiel et al. 2005;
Giessing et al. 2006; Thiel and Fink 2008). Those studies did not focus on resting-state
activity, but rather on task-specific aspects of attention and the modulating effects of
cholinergic agonists. Our results extend these findings by demonstrating that effortful
processing is not required to detect similar effects of nicotine. The emphasis in the literature
has been on knowledge-driven or top-down mechanisms of cholinergic modulation of
sustained attention processes (Sarter et al. 2001; Yu and Dayan 2005). Our results suggest
that sensory-driven or bottom-up processes also play a potentially important role in
nicotine’s effect on cognition. A previous study similar to ours evaluated the effects of
transdermal nicotine on both top-down and bottom-up responses during a visually cued
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target attention task in non-smokers. Nicotine was associated with less BOLD activity than
placebo within cuneus, precuneus, and posterior cingulate cortex for both top-down and
bottom-up contrasts (Hahn et al. 2007). Another study in non-smokers reported nicotine-
associated decreases in BOLD signal in precuneus during reorienting of attention (Thiel et
al. 2005). Bentley et al. reported decreased activity associated with physostigmine during an
attention task in a region nearly overlapping our results within the superior medial parietal
cortex (Bentley et al. 2004). Taken together, these studies suggest that nicotine may
downregulate DMN processing independent of cognitive effort.

The functional correlates of the DMN are of considerable interest given a growing number
of studies suggesting its importance for understanding information processing and potential
utility as a marker of diseases (Broyd et al. 2009), although it is noted that the significance
has been somewhat controversial (Morcom and Fletcher 2007). One interpretation of our
results is that by suppressing internally directed processes, nicotine allows for greater
receptiveness to external sensory cues. This could have therapeutic implications in mental
disorders where abnormal increased resting-state activity has been observed such as
schizophrenia (Zhou et al. 2007; Garrity et al. 2007), depression (Greicius et al. 2007), or
attention deficit hyperactivity disorder (Tian et al. 2006).

We use the term “activity” here to reflect the signal strength or amplitude of the component
of interest. It is important to keep in mind that the difference in components does not
measure a difference in signal coherence or correlation. Rather, it measures differences in
the amplitude of the given component. It is possible, for example, for two signals to have
perfect coherence and correlation but different amplitudes. The finding that nicotine was
associated with decreased DMN “activity” does not indicate which frequencies may have
contributed to the decreased signal amplitude. Since RSNs are characterized by frequencies
less than 0.12 Hz (Cordes et al. 2001), we conducted a spectral analysis of the low-
frequency signals. Nicotine was associated with less power at low frequencies for the DMN
component, consistent with suppression of DMN signal. In contrast, nicotine was associated
with increased power for the extra-striate component, consistent with increased resting-state
signal amplitude (Fig. 4). It remains uncertain if nicotine suppression of DMN reflects a
general change in arousal state or a specific pharmacological effect of nicotine. Other drugs,
such as Midazolam, a short acting benzodiazepine, given at doses sufficient to cause
conscious sedation, is also associated with decreased DMN activity (Greicius et al. 2008).
Further studies are needed to determine if such changes in the magnitude of RSNs represent
state effects (Harrison et al. 2008) or specific pharmacological effects. We note that some
studies have reported nicotine-associated increases, not decreases, in activity within regions
overlapping with DMN (Lawrence et al. 2002). Our study differs significantly from the
previous paper in that the Lawrence study was performed in the context of a visual attention
task and the increased activity reported in inferior parietal and supra-gyral regions is lateral
to the decreased activity reported here.

The second finding of this paper is that nicotine was associated with increased resting-state
“activity” in extra-striate cortex in the absence of external visual stimuli. The extra-striate
cortex, comprised of BA 18 and 19, carries out higher level visual processing. Animal and
human neuroimaging studies have shown that selective attention biases neuronal responses
in extra-striate regions (Kastner and Ungerleider 2000). Among several functional RSNs, the
visual network is one of the more robust in terms of its extent of signal change and
consistency across individuals (Damoiseaux et al. 2006). Our findings are consistent with
increased BOLD activity associated with nicotinic agonists in the lateral occipital cortex
during attentional tasks (Bentley et al. 2004; Thiel et al. 2005) and rapid visual information
processing (Lawrence et al. 2002). One interpretation is that while nicotine suppresses
internally generated processes, it also prepares or alerts areas important for processing
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external visual stimuli. Preparatory BOLD signal changes in extra-striate areas preceding
visual stimuli have been observed in other studies of spatial attention (Sapir et al. 2005). Our
results are somewhat inconsistent with Thiel and Fink who reported no difference in extra-
striate cortex activity associated with nicotine compared to placebo (Thiel and Fink 2008) in
a visual reorienting task. Their study differed significantly from ours, however, as it was
designed to measure nicotine’s effect on top-down modulation of visual cues, while our
study focused on bottom-up mechanisms.

An outstanding question regarding the DMN is the extent to which these synchronous, low-
frequency signal fluctuations represent non-neuronal physiological signals (Bandettini and
Bullmore 2008). It is unlikely that cardiorespiratory noise related to nicotine would explain
our results. First, nicotine had no significant effect on heart rate as measured outside the
scanner (Table 1). Second, there is no evidence that nicotine alters respiration which,
compared to aliased cardiac signal, would be more likely to confound DMN fluctuations.
Third, an advantage of data-driven independent component analysis methods is that
components related to structured physiological noise should be separable from DMN
component. This is consistent with a recent study showing that physiological corrections
account for only a minor amount of variance in group ICA resting-state studies (Starck et al.
2010). Nonetheless, because there was an interaction of drug and session on heart rate
during scanning, we repeated the group ICA analysis after removing the cardiac noise (i.e.,
that component with the highest temporal correlation to aliased heartbeat) and this did not
significantly change the results.

There are limitations of this study. First, although the study controlled for placebo, session,
and order, these results must be considered preliminary given the sample size. While RSNs
are robust, quantitative test–retest stability has not been established and state effects, which
may include placebo effects, are unknown. The inclusion of former smokers is a limitation.
The findings did not change after removing the three subjects conservatively defined as
former smokers. We believe this potential confound is relatively minor, although future
studies comparing current to former smokers would be useful given expected differences in
response to nicotine. Third, the single dose of nicotine limits the interpretations about
behavioral and pharmacological effects. Although nicotine is known to increase visual
attention, we lack independent confirmation that 7 mg nicotine administered as patch
improves cognition.

In conclusion, this study found that nicotine has differential effects on different RSNs in a
pattern consistent with sensory-driven modulation of brain regions involved in functionally
differential aspects of attention. Reduced DMN and increased extra-striate cortex activity
may reflect a shift away from introspective towards preparatory extrospective information
processing. This alteration could have therapeutic implications for disorders associated with
altered resting-state signals.
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Fig. 1.
Effect of drug on DMN. Compared to baseline, nicotine was associated with decreased
activity in precuneus, posterior cingulate, and medial frontal cortex (left). Placebo was
associated with a smaller region of decreased activity in posterior cingulate (right). Maps set
at threshold p<0.001, masked with effect of condition set at p<10–6. Colored bars represent
weighted contrast t-scores for within-subject rmANOVA
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Fig. 2.
Drug by session interaction on DMN. Significant interaction of drug (nicotine vs. placebo)
and session (pre- vs. post-patch) in precuneus (white arrow) and posterior cingulate (black
arrow). Nicotine: red line, placebo: blue line. Data are mean (SEM) blood-oxygen-level
dependent (BOLD) signal. Map set at threshold p<0.05, masked with effect of condition set
at p<10–6. Colored bars represent weighted contrast t-scores for within-subject rmANOVA
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Fig. 3.
Drug by session interaction on extra-striate resting network. Significant interaction of drug
(nicotine vs. placebo) and session (pre- vs. post-patch) in bilateral extra-striate cortex.
Nicotine: red line, placebo: blue line. Data are mean (SEM) BOLD signal. Map set at
threshold p<0.05, masked with effect of condition set at p<10–6. Colored bars represent
weighted contrast t-scores for within-subject rmANOVA
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Fig. 4.
Effect of nicotine on spectral power at low frequencies (0.02–0.07 Hz and 0.08–0.12 Hz) for
default mode and extra-striate RSNs
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Table 1

Effects of nicotine and placebo on heart rate and mean arterial blood pressure (MABP) over time as measured
outside the scanner

Baseline

Patch on

30 min 60 min 90 min

Heart rate (bpm)

 Placebo 70.8 (12.7) 65.2 (12.1) 62.4 (12.3) 64.1 (9.3)

 Nicotine 68.0 (15.8) 65.8 (12.1) 67.7 (11.8) 68.0 (11.4)

MABP (mm Hg)

 Placebo 90.5 (10.6) 86.4 (12.1) 86.7 (9.1) 89.4 (9.7)

 Nicotine 89.2 (8.7) 87.4 (9.4) 89.6 (9.6) 92.4 (8.1)

Values are mean (SD)
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