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Abstract Inhibitory control plays an important role in
goal-directed behavior. Although substantial inter-individual
variability exists in the behavioral performance of response
inhibition, the corresponding modulating neurochemical
and neurophysiological mechanisms remain unclear. Thus,
the present study aimed to explore the relationship between
behavioral response inhibition, GABA+ concentrations and
automatic sensory gating (SG) in the auditory cortices. We
recruited 19 healthy adults to undergo magnetoencephalog-
raphy, magnetic resonance spectroscopy (MRS), and behav-
ioral experiments. A paired-stimulus paradigm was used to
study SG of the auditory cortices, and an auditory-driven
Go-Nogo task was used to evaluate the behavioral response
inhibition. Resting GABA+ concentrations were measured
in the bilateral superior temporal gyri by means of MRS.
Neither GABA+ concentrations nor auditory SG showed
significant hemispheric asymmetry. However, an enhanced
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SG (lower ratio) was found to correlate with improved
behavioral inhibition. Moreover, a higher GABA+ concen-
tration was strongly related to improved inhibitory control.
These findings highlight the important role of automatic
neurophysiological processes and inhibitory neurotrans-
mitters in the prediction of the behavioral performance of
inhibitory control.
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Introduction

Inhibitory control plays a pivotal role in successful perfor-
mance of goal-directed tasks in daily life. Inhibitory control
relies on both bottom-up and top-down brain mechanisms.
From a bottom-up perspective, our brains automatically
inhibit, or filter out, irrelevant sensory information to
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prevent flooding of higher-hierarchical centers, e.g., frontal
regions (Chao and Knight 1997; Cheng et al. 2012; Cheng
and Lin 2013). This type of automatic inhibitory function in
the cortex has been extensively studied using sensory gat-
ing (SG)—a phenomenon of attenuated neural activity to
the second identical stimulus in a paired-stimulus paradigm
(Clementz et al. 1998; Boutros and Belger 1999; Karl et al.
2006). In scenarios where careful decision-making or action
execution is required, inappropriate responses may selec-
tively be inhibited through top-down control. Successful
execution of a goal-directed task in a distractible environ-
ment requires not only the task-relevant information to be
enhanced but also concurrent inhibition of task-irrelevant
information. The Go-Nogo task is an experimental paradigm
tailored to study this type of attentive response inhibition
(Hester et al. 2004; Kenemans et al. 2005).

Several lines of evidence support the notion that percep-
tual function, e.g., pre-attentive SG, is associated with cog-
nition, e.g., memory or attentive response inhibition. For
example, a better SG ability has been shown to correlate
with a lower commission error rate and better discrimina-
bility in the Delay Memory Task (Lijffijt et al. 2009). Fur-
thermore, a significant association between SG ability and
explicit memory function, as measured by the Verbal Paired
Associate Task, was found in patients with schizophrenia
(Hsieh et al. 2004). Moreover, SG deficits in patients with
schizophrenia were ameliorated by cognitive training with
emphasis on auditory discrimination and verbal memory
(Popov et al. 2011).

A substantial inter-individual variability exists in auto-
matic SG responses as well as in behavioral performance
of response inhibition. However, the underlying modulating
mechanisms of this variability remain unclear. In the visual
cortex, the concentration of y-Aminobutyric acid (GABA),
a major inhibitory neurotransmitter in the mammalian brain,
has been associated with several types of cognitive func-
tion (Edden et al. 2009; Yoon et al. 2010). Thus, individual
differences in sensory cortical GABA concentrations may
account, at least in part, for this variability.

In the present study, we investigated the relationship
between pre-attentive automatic inhibition, attentive inhibi-
tory control and GABA concentrations in the auditory
system. More specifically, the auditory SG function was
assessed by means of whole-head magnetoencephalography
(MEG) combined with an auditory paired-stimulus para-
digm and attentive Inhibitory control was assessed with an
auditory-driven Go-Nogo task. Furthermore, in vivo resting
GABA concentrations in the auditory cortices, i.e., the supe-
rior temporal gyri (STG), were obtained by means of non-
invasive magnetic resonance spectroscopy (MRS), using
spectral editing (Mullins et al. 2014; Puts et al. 2015; Harris
et al. 2017a, b). Since SG ratio is defined as the amplitude
of the cortical response to the second stimulus divided by
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the amplitude of the cortical response to the first stimulus,
a lower SG ratio indicates enhanced automatic inhibition.
Hence, we hypothesized that the auditory SG ratio would be
negatively correlated with behavioral performance of inhibi-
tory control and, furthermore, predicted a negative associa-
tion between the SG ratio and GABA concentration. Finally,
we hypothesized that higher GABA baseline concentrations
would be related to improved behavioral performance of
inhibitory control.

Materials and methods
Participants

To exclude the potential effects of gender on SG and GABA
concentrations, 19 healthy male adults between the age of 20
and 34 years (mean, M = 25.79; standard error of the mean,
SEM = 0.79) were recruited in the present study. All sub-
jects were right-handed with a handedness score > 70%, as
assessed by the Edinburg Inventory (Oldfield 1971). All sub-
jects self-reported that they and their first-degree relatives
were free from major neurological and psychiatric diseases.
The Institutional Review Board of Taipei Veterans General
Hospital approved the protocol, and informed consent was
obtained from each individual.

MEG recordings and analyses

To study the SG ability, a paired-stimulus paradigm was pre-
sented to the subjects with inter-stimulus intervals (ISIs) of
500 ms and inter-pair intervals of 6 s. Auditory stimuli con-
sisted of 800 Hz click-like tones (duration = 20 ms, includ-
ing 5 m rise and fall times), binaurally delivered through
plastic earphones at the intensity of 70 dB above the par-
ticipants’ hearing threshold. These stimuli were made using
a sound editing program (GoldWave Digital Audio Editor,
GoldWave Inc.), and run by the Presentation software (ver-
sion 11.3, Neurobehavioral Systems, Inc., Davis, USA).
Auditory evoked fields (AEFs) were recorded with a
whole-head 306-channel MEG system (Vectorview, Ele-
kta-Neuromag, Helsinki, Finland). The online bandpass
and sampling rate were set at [0.1, 200] Hz and 500 Hz,
respectively. Epochs contaminated by prominent electroocu-
logram (> 300 pV) and MEG artifacts (> 3000 fT/cm) were
excluded from averaging. A total of at least 100 artifact-free
trials containing matching stimulus pairs of Stimulus 1 (S1)
and Stimulus 2 (S2) were averaged for further analyses.
The AEFs were digitally bandpass filtered (1-30 Hz)
offline and then baseline corrected (— 100 to 0 ms). The
modeling of cortical spatiotemporal dynamics of AEFs was
performed using the depth-weighted minimum norm esti-
mate (MNE) as implemented in the Brainstorm software
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(Tadel et al. 2011). The representation of folded cortical sur-
faces was used to resolve the forward problem by means of
an overlapping-sphere model, which detects the strength of a
set of electric dipoles located at the cortical surface (Huang
et al. 1999). Cortically constrained MNE was computed for
each subject and each stimulus type (i.e., S1 and S2) with a
source space consisting of ~ 15,000 dipoles over the cortex.
The MNE source maps of each subject and each stimulus
type were then geometrically rescaled to the Montreal Neu-
rological Institute Colin27 brain template using Brainstorm’s
multilinear registration technique. The time-resolved mag-
nitude of each dipole was normalized to its fluctuations over
the baseline, yielding a z-scored map.

Two-source modeling was applied to anatomically
constrain source space to the left superior temporal gyrus
(LSTG) and right superior temporal gyrus (RSTG). Initially,
two regions of interest (ROIs) were identified according to
the individual maximal cortical responses around the M100
components in RSTG and LSTG (Cheng et al. 2010; Cheng
and Lin 2012; Edgar et al. 2014; Demopoulos et al. 2017). A
cluster of ~ 40 cortical vertices corresponding to 5—6 cm? in
both RSTG and LSTG was then manually selected. Finally,
absolute z values of S1 and S2 at the peak latency of the
M100 component (90-160 ms after the stimulus onset) were
extracted for the calculation of SG ratio, defined as S2/S1.
A lower ratio indicates a better SG function.

MRS acquisition and analyses

All imaging data were acquired with a 3T MR system (TRIO,
SIEMENS Medical Solutions, Erlangen, Germany) using a
32-channel phased-array head coil. A high-resolution 3D
MPRAGE anatomical scan (TR/TE/FA: 2530 ms/3.03 ms/7
degrees; FOV: 256 x 256 x 176; voxel size: 1 X 1 x 1 mm3)
was initially obtained for localization of the spectroscopic
volumes of interest (VOI). For MRS scans, two VOIs (size:
20 x 25 x 25 mm?) were manually positioned at the bilat-
eral STG. The center of each VOI was placed at the upper
surface of the STG with the posterior wall of the VOI just
anterior to the parietal-temporal-occipital junction. To
further control the quality of the spectra, a pre-scan was
carried out using a point resolved spectroscopy (PRESS)
sequence (TR/TE = 2000/68 ms, sample points = 2048,
bandwidth = 2000 Hz, 16 averages). Spectra were analyzed
and displayed online to evaluate the linewidth, water sup-
pression and noise level. A MEGA-PRESS sequence was
then used for GABA measurements (Mescher et al. 1998).
For each VOI, a total of 300 spectra were acquired using
the following parameters: TR/TE = 2000/68 ms, sam-
ple points = 2048, bandwidth = 2000 Hz, phase cycling
steps = 4. Edit-on and edit-off spectra were acquired in an
interleaved fashion. Thus, the 300 spectra were acquired as
75 repeats of a 4-step phase cycle with the editing pulse

switched to edit-on and edit-off on alternate phase cycles.
GABA-editing was achieved with a 15-ms Gaussian pulse
applied at 1.9 ppm for edit-on spectra and at 7.5 ppm for
edit-off spectra. In addition, a non-water suppressed (NWS)
MRS scan was acquired to obtain an unsuppressed water
signal for normalization.

For each subject, on and off steps were saved separately
and the first four spectra were excluded. Data processing
including phase correction and pairwise frequency align-
ment based on the creatine (Cr) peak was performed in Mat-
lab (The MathWorks, Natick, USA) using an in-house script
(Tsai et al. 2016). The GABA signal at 3.0 ppm was quanti-
fied by fitting a two-Gaussian model in the spectral range
of 2.79-3.55 ppm with a linear baseline term (Edden et al.
2014). The GlIx signal (combination of Glutamate and Glu-
tamine) at 3.75 ppm was quantified by fitting a two-Gaussian
model in the spectral range of 3.5-4.0 ppm with a linear
baseline term. The Cr peak at 3.0 ppm was fitted by a Lor-
entzian line shape on edit-off spectra in the spectral range of
2.72-3.12 ppm. The water signal was fitted by a Lorentzian
line shape function using the NWS spectra in the spectral
range of 3.8-5.6 ppm. The quantified GABA+ (GABA and
macromolecules) were normalized to the water signal using
the water scaling method and corrected for partial volume
and relaxation effects using the following equations (Edden
et al. 2012; Puts et al. 2013; Tsai et al. 2016).

CSF+GM x 0.78 + WM x 0.64

GABA = X [H,O
[ * 1 - CSF H-01
S ATT
GABA H,0 1 x NH, .,
S1,0 ATTgapa eff
-TE —TR
AT = exp( 57) x (1-exe(50))
exXp ) exp T1

where [GABA+] is the partial volume-corrected GABA con-
centration determined using water as a reference. [H,O] is
the water concentration of pure water, which is 55.55 M in
this case. sgapa/sy,0 18 the ratio of quantified GABA+ and
water signal by fitting. ATT was used to account for T1 and
T2 relaxation effects. The T1 and T2 parameters used are
1.27 and 0.092 s for water, 1.30 and 0.088 s for GABA and
1.25 and 0.2 s for GIx. Eff is the editing efficiency and is 0.5.
HN,,i, is the ratio of the proton number between metabolite
and water. NH,,;;, is 1 for GABA and 2 for Glx.

The fitting errors of GABA+ and water peak are defined
as the standard deviation of the residue divided by peak
heights and total fitting errors were defined as the square
root of the sum of squares fitting errors of GABA+ and
water (Mikkelsen et al. 2016). Data were excluded from
the statistical analysis if the total fitting errors were larger
than 15% and line widths of Cr over 12 Hz. This resulted in
MRS data from 4 LSTGs and 5 RSTGs to be excluded from
further analysis. For the quality metrics (M + SEM) of the
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MRS data, the frequency drift were 3.06 + 0.68 Hz for the
LSTG and 2.44 + 0.47 Hz for the RSTG. Line widths of
Cr and water were 7.17 + 0.13 Hz and 11.20 + 0.46 Hz for
the LSTG. For the RSTG, line widths of Cr and water were
7.25 + 0.12 Hz and 11.16 + 0.32 Hz. The fitting errors of
GABA+ were 8.51 + 0.61% in the LSTG and 7.57 + 0.38%
in the RSTG. The fitting errors of Glx were 6.28 + 0.51% in
the LSTG and 6.19 + 0.41% in the RSTG. The SNR was cal-
culated using spectra without editing (edit-off). We defined
the signal (S) as the area of the fitted Cr peak divided by
2*(linewidth of Cr) and noise (N) was defined as the stand-
ard deviation of spectra in the range between 9.5-11 ppm.
The resulting SNR (S/N) in the LSTG were 130.1 + 25.4 and
146.7 + 18.5 in the RSTG.

Behavioral Go-Nogo task

The auditory Go-Nogo task was performed after MEG
recordings in a separate laboratory. Auditory stimuli were
delivered with a 20 ms duration and an intensity of 70 dB
above the participants’ hearing threshold. The ISI varied
between 1.0 and 1.2 s to avoid expectation effects. Partici-
pants were instructed to press the button with their right
index finger to low-pitch (800 Hz) tones (Go, 80%) as
quickly and accurately as possible, and to inhibit responses
to infrequent high-pitch (850 Hz) tones (Nogo, 20%). A
short practice was given before the formal experiment. Each
subject performed two blocks of the auditory Go-Nogo task,
with each one consisting of 160 Go trials and 40 Nogo trials.

A better performance of response inhibition was indexed
by a higher accuracy rate of Nogo stimuli and was defined
as [(trial number of successful inhibition to Nogo stimuli/
total number of Nogo stimuli) X 100%].

Statistical analysis

Statistical analyses were performed with the IBM SPSS (ver-
sion 19) statistics software. All the data were presented as
M + SEM. Each parameter was evaluated with a Kolmogo-
rov—Smirnov one-sample test, and the results showed the
data to be normally distributed (all p values > 0.05). The
hemispheric differences of M100 SG ratio and GABA+ lev-
els were examined by paired ¢ tests. The associations among
M100 SG ratios, GABA+ concentrations, and behavioral
Nogo accuracy rates were evaluated with Pearson’s correla-
tion coefficients. Due to the possible influences of the indi-
vidual S1 amplitude on the SG ratio value, the S1 amplitude
was controlled for when computing the correlation between
SG ratio and other parameters, i.e., GABA+ concentration,
Nogo accuracy rate. Adjusted p values of 0.05, corrected
for multiple comparisons by the Benjamini and Hochberg

@ Springer

approach (Benjamini and Hochberg 1995), were used to set
the significance level.

Results

Figure la shows the grand-averaged AEFs and the cor-
responding cortical source maps of M100 components
in response to S1 and S2. Figure 1b exhibits the source
amplitude as a function of time in the RSTG and LSTG.
M100 component is the most prominent deflection of
AEFs and was clearly detectable for S1 and S2 in both
hemispheres. S2/S1 ratio could, thus, be obtained from
each participant. There were no significant differences
between LSTG (M = 0.48, SEM = 0.04) and RSTG
(M = 0.53, SEM = 0.03) in terms of M100 SG ratio
(t=0.98, p =0.34).

Figure 2 displays an example of VOI placements and
the corresponding GABA+ spectra of LSTG and RSTG.
MRS data from 4 LSTGs and 5 RSTGs were excluded
from further analysis due to insufficient quality. The spec-
tra (Supplementary Fig. 1) and fitted GABA+ signals
(Supplementary Fig. 2) of each individual are displayed
in the supplementary file. Again, GABA+ concentrations
did not differ significantly (¢ = 0.49, p = 0.63) between
LSTG (M = 10.95, SEM = 0.36) and RSTG (M = 11.01,
SEM = 0.42).

Figure 3 displays scatter plots for the three param-
eters in each hemisphere. We first investigated whether
the automatic inhibition ability, as indexed by M100 SG
ratio, could predict the level of the behavioral inhibition
response. A lower M100 SG ratio was correlated with
a higher Nogo accuracy rate in the RSTG (r = — 0.622,
adjusted p = 0.009), but not in the LSTG (r = 0.063,
adjusted p = 0.439). The results of Fishers r-to-z trans-
formation confirmed that the correlation was right-later-
alized (Z = 2.2, p = 0.028). We then examined whether
the behavioral performance of inhibitory control could
be predicted by a more fundamental neurochemical fac-
tor. A significant positive association between GABA+
concentration and Nogo accuracy rate was observed in
the RSTG (r = 0.547, adjusted p = 0.032), but not in the
LSTG (r = 0.222, adjusted p = 0.439) No significant
lateralization of correlation was observed (Z = — 0.93,
p = 0.35). No correlation was found between M100 SG
ratio and GABA+ concentration in each hemisphere. After
applying the Fishers r-to-z transformation, the correlation
coefficient values between left and right hemispheres were
not significantly different (Z = 0.35, p = 0.73).

Glx concentrations were also obtained in each VOI and
were 7.01 + 0.27 and 6.34 + 0.25 in the LSTG and RSTG,
respectively. When Glx concentrations entered as a con-
trolling factor in the association analyses, the above results



Exp Brain Res (2017) 235:3833-3841

3837

(A) Grand-averaged neuromagnetic waveforms (n = 19)
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Fig.1 a Grand-averaged auditory evoked responses and the corti-
cal activation of M100 component to Stimulus 1 (S1) and Stimulus
2 (S2) in the paired-click paradigm. b The regions of interest (ROIs)
were manually identified in the left superior temporal gyrus (LSTG)
and the right superior temporal gyrus (RSTG). The source activities

remained either significant or were borderline significant
in the RSTG after the correction for multiple comparisons
(Supplementary Table).

Discussion

This study investigated the relationship between pre-atten-
tive automatic inhibition, inhibitory neurotransmitter con-
centration and attentive inhibitory control in the auditory
system. In accord with our hypothesis, we found a negative
association between M 100 SG and behavioral performance
during response inhibition, i.e., better SG with improved
response inhibition. Notably, higher baseline concentrations
of GABA+ were predictive of better behavioral inhibitory
control. All of these associations were only observed in the
right hemisphere.

Our study demonstrated a relationship between automatic
and attentive inhibitory function. It has been reported that a
better P50 gating ability was correlated with fewer commis-
sion errors in the Delay Memory Task (Lijffijt et al. 2009).
Further on, children with stronger P50 and N100 gating
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from these two ROIs were extracted from each stimulus type and each
individual. The sensory gating (SG) ratio was calculated as S2/S1 of
M100 source amplitudes. The M100 SG ratios did not show hemi-
spheric differences

effects had a shorter reaction time using the Go-Nogo para-
digm (Liu et al. 2011). However, despite its popularity in
clinical research, recent studies suggest the SG ratio based
on the P50 to be less reliable than the ratio based on the
N100 (Fuerst et al. 2007; Rentzsch et al. 2008). Furthermore,
identification of P50 component is relatively subjective and
relies more on the researcher’s experience. Thus, a more reli-
able and easily identified component is preferable for the SG
calculation. The N100 or M100 is the most robust deflection
of AEPs or AEFs and can be easily identified in each indi-
vidual (Godey et al. 2001; Cheng et al. 2015). As a result,
we consider the observed association between pre-attentive
M100 SG and behavioral response inhibition as robust and,
therefore, having a greater clinical potential.

We also found a significant association between audi-
tory MRS-measured GABA+ concentration and response
inhibition performance, as assessed by the auditory-driven
Go-Nogo task. A previous study, examining the integration
of multisensory stimuli, showed that the auditory GABA
concentration was correlated with audiovisual percep-
tion (Balz et al. 2016). In the same vein, a higher level
of occipital GABA concentration was found to predict a
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Fig. 2 Top: edited spectra from the bilateral superior temporal gyrus
of a representative subject. The edited spectrum results from the dif-
ference between the edit-on and edit-off data. Bottom: fitted peak of

better performance in a visual orientation discrimination
task (Edden et al. 2009). A similar relationship was also
observed in the sensorimotor cortex (Puts et al. 2011, 2015).
The aforementioned results suggest that sensory cortices, at
least in part, contribute to the modality-specific prediction of
higher-order perceptual function. This should be considered
in context of the major role of the frontal cortex in the modu-
lation of response inhibition (Silveri et al. 2013; Ribeiro
et al. 2015). Our study encourages further investigation into
the role of other sensory cortices in the processing of inhibi-
tory control using the same modality-matching design (e.g.,
sensorimotor GABA concentration and somatosensory-
driven Go-Nogo task) as the present study.

The association between behavioral inhibitory control
and pre-attentive SG was confined to the right hemisphere.
Previous studies, along with our results, do not support
the presence of hemispheric asymmetry in SG processing
(Thoma et al. 2003; Hirano et al. 2010). In the present
study, the Go-Nogo task required sustained attention to
minimize the error rate. Converging evidence indicates
that the attention network is right-lateralized (Yan et al.
2009). It is, therefore, reasonable to find a more significant
association between behavioral performance of inhibi-
tory control and SG in the right hemisphere. Our study
did also not find a significant hemispheric asymmetry in
GABA+ concentration. However, we cannot rule out that
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GABA+ (Red line) using a two-Gaussian model with 7 variables (2
height, width, frequency, splitting, baseline offset, baseline gradient)
in the spectral range of 2.79-3.55 ppm

the quality of the GABA signal in the LSTG might have
contributed to the lack of significance. The LSTG spec-
trum exhibited a clear shoulder to the left of the GABA+
peak at 3 ppm, which was not seen in the RSTG (Fig. 2).
This difference potentially resulted from the inclusion of
non-brain tissue (e.g., lipid) or improper editing leading
to subtraction artifacts during post-processing.

Evidence points to the involvement of cortical and sub-
cortical circuits in both automatic and attentive inhibitory
control. Auditory SG may rely on several cortical regions,
including the temporo-parietal and prefrontal cortices, in
the early phase, and the hippocampus in the later phase
(Grunwald et al. 2003). Furthermore, oscillations and syn-
chronization of thalamocortical activity are modulated via
projections from the thalamus to cortical areas (McCormick
and Bal 1994). In agreement with the involvement of these
circuits, abnormal auditory SG in schizophrenia patients
was associated with increased or prolonged hemodynamic
responses in the temporal cortex, prefrontal cortex, and
thalamus (Tregellas et al. 2007). Behavioral response inhi-
bition has been suggested to rely on a frontostriatal circuit
connected with the basal ganglia (Aron 2011). Jahfari and
colleagues further proposed that response inhibition was
mediated through the pathway from cortical regions (e.g.,
pre-supplementary area) to the caudate, globus pallidus, and
thalamus, while action control was implemented from the
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Fig. 3 Associations among the performance of response inhibition (i.e., Nogo accuracy rate), M100 sensory gating (SG) ratio, and GABA con-
centration in the left and right superior temporal gyri (LSTG and RSTG, respectively)

thalamus to the primary motor cortex via the thalamocortical
pathway (Jahfari et al. 2011).

Several important considerations and limitations of the
present study need to be addressed. Firstly, the sample size
was relatively small. Nevertheless, we still observed robust
associations such as those between GABA+ concentration
and behavioral performance of inhibitory control. We con-
sider the present study as an exploratory pilot and invite

future studies with larger sample sizes to validate it. Sec-
ondly, the cortical response to the Go-Nogo task was not
recorded by MEG. In addition to the auditory paired-stim-
ulus paradigm, our participants underwent several blocks
of other MEG tasks (data published elsewhere). The com-
pletion of these experiments took more than 40 min, and
exhausted most of the subjects as reported after the MEG
experiment. Accordingly, only the behavioral data of the
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Go-Nogo task were collected, during which the subjects
could freely move their heads and limbs as long as they
continued to focus on the task. Future investigations should
focus on the associations among the neural correlates of
response inhibition, sensory gating and GABA concentra-
tion. Thirdly, in contrast to our expectation, a significant
association between M100 SG ratio and GABA+ concentra-
tion was not found. A tempting explanation might be that an
additional factor moderates the relationship between M100
SG and GABA+ concentration. Finally, regarding the spec-
tral quality, baseline fluctuations and artifacts were observed
in the spectra from the STG. Baseline noise may increase
the fitting uncertainty. Further on, regions around the STG
usually suffer from higher field inhomogeneity compared to
regions in the occipital and parietal lobes. This may explain
the higher fitting errors in our study (~ 8%) than those pre-
viously reported for the occipital lobe (4-5%) (Evans et al.
2013; Harris et al. 2015; Mikkelsen et al. 2016). Another
contributing factor may be the smaller VOI (12.5 ml) used
to cover the region of interest in the present study. Smaller
volumes are associated with poorer signal-to-noise ratio. As
a result, more time was spent on repeating shimming proce-
dures in the pre-scan to achieve an acceptable linewidth for
subsequent data collection in the STG.

In conclusion, this work not only replicated previous stud-
ies showing an association between automatic and attentive
inhibitory control, but also demonstrated that the behavio-
ral response inhibition was predicted by resting GABA+
concentration in the right STG. The present study provided
empirical evidence for the modulation of inhibitory control
through multiple levels, i.e., through a neurotransmitter-
neurophysiological-behavioral axis.
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