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Purpose: Caffeine is the most widely consumed psychostimulant. It is often adopted
as a tool to modulate brain activations in fMRI studies. However, its pharmaceutical
effect on task-induced deactivation has not been fully examined in fMRI. Therefore,
the purpose of this study was to examine the effect of caffeine on both activation
and deactivation under sustained attention.

Materials and Methods: Task fMRI was acquired from 26 caffeine naive healthy
volunteers before and after taking caffeine pill (200 mg).

Results: Statistical analysis showed an increase in cognition-load dependent task
activation but a decrease in load dependent de-activation after caffeine ingestion.
Increase of attention and memory task activation and its load-dependence suggest
a beneficial effect of caffeine on the brain even though it has no overt behavior
improvement. The reduction of deactivation by caffeine and its load-dependence
indicate reduced facilitation from task-negative networks.

Conclusion: Caffeine affects brain activity in a load-dependent manner accompanied
by a disassociation between task-positive network and task-negative network.

Keywords: Caffeine; Sustained attention; Functional magnetic imaging; fMRI;
Attention network; AN

INTRODUCTION

Caffeine (1, 3, 7-trimethylxanthine), a member of methylxanthine drugs, is probably
the most wildly consumed psychoactive stimulant in the world (1-3). Caffeine exists
in many kinds of food and beverages. It is most commonly found in coffee and tea
(4). It can be rapidly absorbed by human gastrointestinal tract (5), reaching peak
plasma concentration level in 15 to 45 minutes after ingestion (6). Caffeine's half-
life is 5 to 6 hours. It has various positive effects on human brain cognition (7-11)
most likely through its antagonistic binding to adenosine receptors (3). Adenosine is
a neuromodulator that can reduce neural activity via binding to adenosine receptors,
mainly A1 and A2a receptors. Acting as an adenosine antagonist, caffeine can decrease
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the binding potency of adenosine receptors, resulting in
reduced adenosine activity which subsequently provokes
alertness and arousal.

Over the past decade, effects of caffeine on brain function
have been examined in many studies using functional
magnetic resonance image (fMRI) (12-19). Most of these
studies focusing on brain activation during different
functional task performances have shown a general picture
that caffeine can increase task activation. Task deactivation
is a common phenomenon observed in fMRI research (20,
21), suggesting that caffeine can overtly facilitate task
performance (20, 22). This phenomenon has stimulated
research on resting state as it has been found that brain
regions deactivated during task performance are activated
during null-hypothesis resting state (23, 24). It is likely
that the seesaw like activation-deactivation system might
respond to caffeine stimulation in tandem rather than
having one part changed while the other part unaffected.
However, this has not been examined in the literature
because task-deactivation is not investigated in previous
caffeine fMRI studies.

Attention is a fundamental element of cognition. It seems
to be most notably caffeine enhanced brain function among
others (10, 11) likely due to increased alertness and arousal
after caffeine intake. Various studies have assessed the
effect of caffeine on attention (11, 25-28). However, only
two studies have used fMRI to localize attentional effects
of caffeine. A working memory study (29) has found that
response in bilateral medial frontopolar cortex and right
anterior cingulate cortex is increased after caffeine intake,
suggesting that caffeine can modulate neuronal activity
in a network of brain areas associated with executive and
attentional functions during working memory processes.
Serra-Grabulosa et al. (30) have reported that caffeine has
modest effect on sustained attention-task activation not
directly inferred in a statistical way.

Therefore, the purpose of the present study was to assess
whether caffeine could affect both task activation and
deactivation simultaneously. We also assessed cognition-
load dependence of these effects of caffeine. Activation
during sustained attention was studied because this
was rarely examined in previous caffeine fMRI studies
as mentioned above. We used rapid visual information
processing (RVIP) (31) task, a widely used sustained
attention paradigm. Caffeine-naive subjects were included
to avoid potential effects of caffeine withdrawal.
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MATERIALS AND METHODS

Participants

This study was conducted at the Center for Cognition and
Brain Disorders (CCBD), Hangzhou Normal University, China.
All procedures were approved by CCBD Institutional Review
Board. This study adhered to the Declaration of Helsinki. All
subjects were recruited from Hangzhou Normal University
and local communities in Hangzhou, Zhejiang Province,
China. They provided written signed consent forms prior
to entry into this study. Twenty-six right-handed college
students (13 males, 13 females) aged 19-36 years (mean,
23.35 years; standard deviation [SD] = 3.69) were recruited
for the current study. Exclusion criteria were: those who had
abnormal structural MRI, history of head trauma or other
injuries resulting in loss of consciousness lasting more than
three minutes or associated with skull fracture or inter-
cranial bleeding, those who had magnetically active objects
on or within their body, having any neuropsychological
problems as defined by Mini-International Neuropsychiatric
Interview (MINI) (32), and those who were taking any
medications that might affect CBF in the past 10 days.
For subjects recruited for the caffeine intake experiment,
additional exclusion criteria were: allergic to caffeine,
drinking more than one cup of coffee or tea in the past
week and more than 10 cups of coffee or tea in the past
6 months. All participants were instructed to stop using
coffee, tea, or any other drugs two days before fMRI scan.

Experimental Design

Every subject underwent two fMRI scan sessions in two
consecutive days with exactly 24 hours apart during day
time between 9 am and 5 pm. Participants were randomly
divided into two groups (group A and group B). Subjects in
group A took one caffeine tablet (200 mg) with one cup of
water at 40 mins before the scan on the first scan day. The
same amount of water was given to subjects at 40 mins
before the scan on the second scan day. Subjects in group
B took water only in the first scan session but took caffeine
with water on the second scan day.

Sustained attention task used in this study contained
three conditions (baseline, low-load condition, and high-
load condition) following a block design (33). Figure 1
shows basic timing of these designated blocks. Subjects
were asked to watch a grey screen with a crosshair in
the middle. They did nothing for 25 secs during baseline
condition. After that, instructions for the coming task
condition were presented on the screen for 5 secs. During
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low-load condition, subjects were instructed to press a
button whenever they saw number “0" out of a total of 200
numbers sequentially displayed. The condition duration was
90 secs. The high-load condition had the same time length
as that of the low-condition. Subjects were asked to press
the button if they saw three consecutive numbers with
the same parities (all even or all odd) from the total of 200
sequentially displayed numbers.

MRI Acquisition

MR images were obtained using a 3.0T whole-body GE
750 MR scanner (GE, Milwaukee, WI, USA) with a standard
8-channel receive array coil. Structural images were
acquired using a T1-weighted inversion prepared 3D spoiled
gradient echo (IR-SPGR) sequence with the following
parameters: field of view, 256 x 256 mm?; inversion time,
450 ms; repetition time (TR), 7.2 ms; echo time (TE), 2.1 ms;
matrix, 256 x 256; sagittal slices, 176; slice thickness, 1
mm; and flip angle, 7°.

Functional MRI was performed with a standard T2*-
weighted gradient-echo echo-planar imaging (EPI) sequence
with the following parameters: matrix, 64 x 64; voxel size,
3 x 3 x 3 mm’; TR, 2000 ms; and TE, 30 ms. Thirty-seven
continuous axial slices were obtained in an interleaved
order to cover the entire cerebrum and cerebellum from
bottom to top.

Data Processing and Statistical Analysis

Behavioral data of response accuracy and response time
were analyzed using statistics software R (34). Response
accuracy was calculated as (the number of correct button
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pressing + the number of correct no-button pressing) / (the
total number of numbers displayed). Correct button pressing
was considered when the subject pressed the button as
expected. Otherwise it was considered as incorrect button
pressing. Reaction time was defined as the time difference
between button pressing and event onset. Paired t-test was
performed to infer difference between pre-caffeine and
post-caffeine response accuracy and response time.

MRI data processing was conducted using SPM12
(Wellcome Department, London, UK, http://www.fil.ion.
ucl.ac.uk/spm). EPI images were first corrected for slice
acquisition time difference. They were then corrected
for head motions and registered with high resolution
structural MRI. Slice timing correction was used to correct
acquisition time difference across 2D image slices. The
first acquired slice was used as reference. All corrected
slices were time shifted (by interpolation) to be aligned
with the first slice. These procedures were conducted
using SPM12. Each individual subject's high resolution
structural MRI was spatially registered into Montreal
Neurological Institute (MNI) (35) brain space using the new
brain segmentation algorithm-based registration routine
implemented in SPM12. Since we pre-registered each
subject's function MRI (EPI images) into structural MRI, the
same spatial registration transform was directly applied to
fMRI images to warp them into the MNI space followed
by spatial smoothing with an isotropic Gaussian kernel
and full-width-half-maximum (FWHM) of 8 mm®. Brain
activations in response to sustained attention were then
identified using SPM12. Block design function convolved
with canonical hemodynamic response function (HRF)

High-load
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Fig. 1. Diagram showing experiment design.
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was used as reference function. Head motion time courses
were included as nuisance covariates. Using parametric
maps from all subjects defined by contrast analyses among
three conditions (baseline, low-load condition, and high-
load condition), differences between pre-caffeine and post-
caffeine activation were assessed with paired t-test using
SPM12. Correlations of caffeine-induced task activation
difference with reaction time and accuracy difference (post-
caffeine minus pre-caffeine) were assessed to determine
imaging versus behavior correlations using SPM12.
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RESULTS

Behavioral Data

Figure 2 and Table 1 show mean response accuracy and
mean reaction time during high-load condition (Fig. 2a,
¢) and sustained attention task condition (Fig. 2b, d). No
significant difference in response accuracy or reaction time
was observed between pre-caffeine and post-caffeine for
each task condition, although caffeine intake showed a
trend of reducing reaction time but increasing response
accuracy.

Neuroimaging Results
Results of statistical analysis shown below were
thresholded with a voxelwise P-value < 0.005. Multiple
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Fig. 2. Bar graphs of reaction accuracy and reaction time before and after caffeine ingestion. (a) Mean reaction time at
low-load condition, (b) Mean reaction time at high-load condition, (c) Mean reaction accuracy under low-load condition, (d)

Mean reaction accuracy under high-load condition.
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comparison was applied to suprathreshold clusters using
Monte Carlo simulations implemented in AlphaSim (http://
afni.nimh.nih.gov/afnif) with a < 0.05.

Figure 3 shows comparison of results between low-
load condition (button press attention task) and baseline
condition. Group level differences between low-load
condition and baseline activation for pre-caffeine and post-
caffeine sessions are shown in Figure 3a and b, respectively.
Figure 3c shows caffeine-induced changes under low-load
condition compared to those at baseline activation. Both
sessions demonstrated attention-induced activations in
typical attention network (AN), including bilateral prefrontal
cortex, temporal cortex, precuneus, and angular gyrus with
deactivation in the primary visual cortex. Both activation
and deactivation showed quite different spatial patterns.
However, no significant difference in AN was observed,
although caffeine increased activation in the primary visual
cortex and decreased activation in the middle occipital
cortex (Table 2).

Results of high-load condition (sustained attention
and working memory task) compared to baseline brain
activation are shown in Figure 4. Group level analyses
for both pre-caffeine (Fig. 4a) and post-caffeine (Fig. 4b)
sessions identified classical attention and working memory
activation patterns in prefrontal cortex, insula, and parietal
cortex. Figure 4c shows caffeine-induced changes in
high-load condition versus baseline activation difference.
Brain activations were also found in primary visual cortex,
thalamus, and cerebellum. Deactivation was shown in default
mode network and secondary visual cortex. Compared to
caffeine-free session, caffeine ingestion increased attention
and working memory task activations in primary visual cortex,
posterior middle temporal cortex, inferior angular gyrus, and
superior temporal cortex but reduced activation in secondary
visual cortex (Table 2).

Results of high-load condition compared to low-load
condition are shown in Figure 5. Group level high-load
condition versus low-load condition activation patterns
for pre-caffeine and post-caffeine sessions are shown in
Figure 5a and b, respectively. Figure 5¢c shows caffeine-
induced changes in difference between high-load condition
and low-load condition activation. Group level activation
patterns of high-load condition versus low-load condition
were quite similar to those shown in high-load condition
versus baseline condition (Fig. 4a, b). However, more
spatially extended deactivations were demonstrated in the
default mode network. Compared to caffeine-free condition,
caffeine-ingestion induced attention activation only in the
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Table 1. Behavioral Data (Mean and Standard Deviation) of
Each Condition before and after Taking Caffeine

Low-load condition High-load condition

Caffeine
Mean RT (ms)

419.40 + 23.80
99.51 £ 0.70

413.00 + 29.14
94.60 + 1.97

% Accuracy

Noncaffeine

Mean RT (ms)

427.20 + 26.80
99.11 + 1.25

412.30 + 26.11
94.31 + 1.85

% Accuracy

RT = reaction time

Table 2. Whole Brain Analysis Local Maxima
MNI coordinates
Clustersize X Y Z

Post-caffeine vs. pre-caffeine

Task vs. control

L middle temporal gyrus 53 -39 54 21
Task vs. baseline
R middle temporal gyrus 58 48 -48 15
R insula lobe 61 39 -15 18
L fusiform gyrus 240 27 -54 -9
R fusiform gyrus 264 3 36 9
L cuneus 15 -6 -84 36
R calcarine gyrus 15 12 -66 24
R inferior occipital gyrus 131 36 -81 -3
R hippocampus 210 33 -42 3
Control vs. baseline
L lingual gyrus 252 -21 -63 -6
R middle occipital gyrus 52 30 -93 -3

Local maxima of brain activations on two types of comparison across two types
of sessions. “Task" refers to high-load condition, while “control” means low-load
condition.

L = left; MNI = Montreal Neurological Institute; R = right; vs. = versus

left posterior middle temporal cortex and inferior angular
gyrus (Table 2). None of these caffeine-induced task-
activation changes was related to difference in reaction
time difference or response accuracy (both P > 0.2, r < 0.05).

DISCUSSION

Our results showed that caffeine ingestion not only
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increased brain activation, but also decreased brain  and working memory task showed caffeine-induced
deactivation during sustained attention task-performing.  activation alterations in visual cortex, superior and middle
It was also related to task-load. Low-load attention task  temporal cortex, and inferior angular gyrus. No significant
(low-load condition) showed activation alterations in visual ~ behavior changes were observed after caffeine intake.

cortex after caffeine intake. However, high-load attention At session level, our data showed typical attention and

Fig. 3. Low-load condition (attention task) versus baseline brain activation difference. (a) Group level activation difference
before caffeine intake, (b) Group level activation difference after caffeine intake, (c) Caffeine-induced changes in low-
load task activation versus baseline. Statistical significance level was defined at voxel-wise P < 0.005 and a cluster size of
46 (corrected for multiple comparison using AlphaSim, alpha < 0.05). Red means increased low-load task activation after
caffeine intake. The number above each slice indicates slice location in the MNI space. Color bar indicates visualization
window for t values.
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working memory task activation patterns as seen in the  Such two-way task activation pattern has been reported
literature. Both task-positive and task-negative activations  in the general literature (36). Our data also showed a task-
were demonstrated in task-positive network which  load dependent brain activation pattern, indicating that
overlapped with attention and working memory networks  task-positive network was more activated while task-
and in visual cortex and default mode network, respectively. ~ negative network was more deactivated when cognitive

Fig. 4. High-load condition (sustained attention and working memory task) versus baseline brain activation difference.
(a) Group level activation difference before caffeine intake, (b) Group level activation difference after caffeine intake, (c)
Caffeine-induced changes to high-load task activation versus baseline. Statistical significance level was defined at voxel-
wise P < 0.005 and a cluster size of 46 (corrected for multiple comparison using AlphaSim, alpha < 0.05). Red color means
increased high-load task activation after caffeine intake. The number above each slice indicates slice location in the MNI
space. Color bar indicates visualization window for t values.
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task load was increased. These findings were consistent with
previous load-dependent behavioral performance and brain
activations (37, 38). Such simultaneous activation increase
and deactivation decrease indicates an alteration in balance
or interaction between task positive network and task

negative network as implicated in a previous resting study
(39). Increased task activation after caffeine is consistent
with results of previous caffeine fMRI studies (13, 14, 16,
18, 19, 29), indicating that caffeine has a positive effect
on sustained attention and memory. The load-dependent

Fig. 5. High-load condition (sustained attention and working memory task) versus low-load condition brain activation
difference. (a) Group level activation difference before caffeine intake, (b) Group level activation difference after caffeine
intake, (c) Caffeine-induced changes to high-load versus low-load activation difference. Statistical significance level was
defined at voxel-wise P < 0.005 and a cluster size of 46 (corrected for multiple comparison using AlphaSim, alpha < 0.05).
Red means greater high-load minus low-load task activation difference after caffeine intake. The number above each slice
indicates slice location in the MNI space. Color bar indicates visualization window for t values.
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activation increase after caffeine intake is consistent with
region-of-interest based load-dependent activation effects
of caffeine reported previously (40), further supporting the
beneficial effect of caffeine on brain cognition. Deactivation
seems to be common to many tasks, making it possible
to compare it across different cognition loads. Our data
showed that deactivation pattern became less spatially
distributed when cognition load was increased, consistent
with previous postulation that deactivation could facilitate
task activation or it is a result of task activation (20, 22).
Caffeine reduced brain deactivation which was load-
dependent, suggesting that caffeine could facilitate the
brain by task negative network when performing functional
tasks. Such facilitation could gain increases in cognition
load.

Our imaging findings were not consistent with behavioral
measurements. No overt behavioral change was observed
after taking caffeine. Brain activity difference and
behavioral measure difference between pre- and post-
caffeine sessions were not correlated with each other either.
No caffeine-induced behavior changes found in this study
were consistent with an early study of caffeine in sustained
attention (41) and a more recent study (42), although
significant beneficial behavioral effects of caffeine were
observed in several other studies (43, 44). One reason for no
behavior change after caffeine might be due to the fact that
the amount of caffeine (200 mg) used in this study was not
enough to cause observable behavior difference. Meanwhile,
enhanced behavior after caffeine has been long claimed to
be related to its withdrawal effects (45). Different from most
studies mentioned above, we only included caffeine-naive
subjects in this study. Therefore, caffeine withdrawal effects
should not be involved in our data. Another cause might
be the small sample size included in the present study. In
addition, we had missing data for frontal brain regions in
pre-post caffeine statistical comparison. Moreover, behavior
measurements performed in this study depended on motor
response which might introduce additional variability
to measured data due to wrong button pressing or mis-
pressing, subsequently contributing to mismatch between
imaging and behavior results. One limitation of this study
was that a placebo group was not included due to difficulty
in obtaining placebo pills. Therefore, effects by placebo
should be studied in the future.

In summary, our results showed that caffeine could
simultaneously change both task activation and
deactivation in a load-dependent manner. The increased
task activation in tandem with reduced task deactivation
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may represent a mechanism underlying the beneficial effect
of caffeine on high-demanding cognitive brain functions.

In conclusion, caffeine increased working memory and
attention brain activation but reduced task deactivation,
indicating a beneficial effect of caffeine on the brain even
though it had no observable behavior improvement. These
data suggest that caffeine affects brain activity in a load-
dependent manner accompanied by a dissociation between
task-positive network and task-negative network.

Acknowledgments

This study was supported by Natural Science Foundation
of Zhejiang Province Grant (LZ15H180001), the Youth
1000 Talent Program of China, and Hangzhou Qianjiang
Endowed Professor Program, and National Natural Science
Foundation of China (No. 61671198).

Conflict of Interest
The authors have no conflict of interest to disclose.

REFERENCES
1. Fredholm BB, Battig K, Holmen J, Nehlig A, Zvartau EE.
Actions of caffeine in the brain with special reference to
factors that contribute to its widespread use. Pharmacol
Rev 1999;51:83-133
2. Frary CD, Johnson RK, Wang MQ. Food sources and intakes
of caffeine in the diets of persons in the United States. J
Am Diet Assoc 2005;105:110-113
3. Ferre S. An update on the mechanisms of the psychostimulant
effects of caffeine. J Neurochem 2008;105:1067-1079
4. Mandel HG. Update on caffeine consumption, disposition
and action. Food Chem Toxicol 2002;40:1231-1234
5. Axelrod J, Reichenthal J. The fate of caffeine in man
and a method for its estimation in biological material. J
Pharmacol Exp Ther 1953;107:519-523
6. Smith A. Effects of caffeine on human behavior. Food Chem
Toxicol 2002;40:1243-1255
7. Lieberman HR. Caffeine in factors affecting human
performance. The physical environment, Vol. 2. London:
Academic Press, 1992
8. Smith A, Sutherland D, Christopher G. Effects of repeated
doses of caffeine on mood and performance of alert and
fatigued volunteers. J Psychopharmacol 2005;19:620-626
9. Adan A, Prat G, Fabbri M, Sanchez-Turet M. Early effects
of caffeinated and decaffeinated coffee on subjective state
and gender differences. Prog Neuropsychopharmacol Biol
Psychiatry 2008;32:1698-1703

207



IMRI

10.
1.
12.
13.

14.

15.

16.

17.
18.

19.

20.
21.

22.

23.

24,

25.

Koppelstaetter F, Poeppel TD, Siedentopf CM, et al. Caffeine
and cognition in functional magnetic resonance imaging. J
Alzheimers Dis 2010;20 Suppl 1:571-84

Einother SJ, Giesbrecht T. Caffeine as an attention enhancer:
reviewing existing assumptions. Psychopharmacology (Berl)
2013;225:251-274

Addicott MA, Yang LL, Peiffer AM, et al. The effect of daily
caffeine use on cerebral blood flow: how much caffeine
can we tolerate? Hum Brain Mapp 2009;30:3102-3114
Bendlin BB, Trouard TP, Ryan L. Caffeine attenuates
practice effects in word stem completion as measured by
fMRI BOLD signal. Hum Brain Mapp 2007;28:654-662
Chen Y, Parrish TB. Caffeine dose effect on activation-induced
BOLD and CBF responses. Neuroimage 2009;46:577-583
Laurienti PJ, Field AS, Burdette JH, Maldjian JA, Yen YF,
Moody DM. Relationship between caffeine-induced changes
in resting cerebral perfusion and blood oxygenation level-
dependent signal. AINR Am J Neuroradiol 2003;24:1607-
1611

Liau J, Perthen JE, Liu TT. Caffeine reduces the activation
extent and contrast-to-noise ratio of the functional
cerebral blood flow response but not the BOLD response.
Neuroimage 2008;42:296-305

Liu TT, Behzadi Y, Restom K, et al. Caffeine alters
the temporal dynamics of the visual BOLD response.
Neuroimage 2004;23:1402-1413

Mulderink TA, Gitelman DR, Mesulam MM, Parrish TB. On
the use of caffeine as a contrast booster for BOLD fMRI
studies. Neuroimage 2002;15:37-44

Perthen JE, Lansing AE, Liau J, Liu TT, Buxton RB. Caffeine-
induced uncoupling of cerebral blood flow and oxygen
metabolism: a calibrated BOLD fMRI study. Neuroimage
2008;40:237-247

Shulman GL, Fiez JA, Corbetta M, et al. Common blood
flow changes across visual tasks: Il. Decreases in cerebral
cortex. J Cogn Neurosci 1997;9:648-663

Buckner RL, Andrews-Hanna JR, Schacter DL. The brain's
default network: anatomy, function, and relevance to
disease. Ann N Y Acad Sci 2008;1124:1-38

Binder JR. Task-induced deactivation and the "resting"
state. Neuroimage 2012;62:1086-1091

Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard
DA, Shulman GL. A default mode of brain function. Proc
Natl Acad Sci US A 2001:98:676-682

Greicius MD, Srivastava G, Reiss AL, Menon V. Default-
mode network activity distinguishes Alzheimer's disease
from healthy aging: evidence from functional MRI. Proc
Natl Acad Sci U S A 2004;101:4637-4642

Brice C, Smith A. The effects of caffeine on simulated
driving, subjective alertness and sustained attention. Hum

208

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Caffeine's Influence on Attention and Working Memory | Wei Peng, et al.

Psychopharmacol 2001;16:523-531

Brunye TT, Mahoney CR, Lieberman HR, Taylor HA. Caffeine
modulates attention network function. Brain Cogn 2010;72:181-
188

Lieberman HR, Wurtman RJ, Emde GG, Roberts C,
Coviella IL. The effects of low doses of caffeine on human
performance and mood. Psychopharmacology (Berl)
1987,;92:308-312

Roache JD, Griffiths RR. Interactions of diazepam and
caffeine: behavioral and subjective dose effects in humans.
Pharmacol Biochem Behav 1987;26:801-812
Koppelstaetter F, Poeppel TD, Siedentopf CM, et al. Does
caffeine modulate verbal working memory processes? An
fMRI study. Neuroimage 2008;39:492-499
Serra-Grabulosa JM, Adan A, Falcon C, Bargallo N. Glucose
and caffeine effects on sustained attention: an exploratory
fMRI study. Hum Psychopharmacol 2010;25:543-552

. Bakan P. Extraversion-introversion and improvement in an

auditory vigilance task. Br J Psychol 1959;50:325-332
Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-
International Neuropsychiatric Interview (M.LN.L): the
development and validation of a structured diagnostic
psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry
1998;59 Suppl 20:22-33;quiz 34-57

Wesnes K, Warburton DM. Effects of smoking on rapid
information processing performance. Neuropsychobiology
1983;9:223-229

Elorza A, Roschzttardtz H, Gomez |, et al. A nuclear gene
for the iron-sulfur subunit of mitochondrial complex Il is
specifically expressed during Arabidopsis seed development
and germination. Plant Cell Physiol 2006;47:14-21
Tzourio-Mazoyer N, Landeau B, Papathanassiou D, et al.
Automated anatomical labeling of activations in SPM using
a macroscopic anatomical parcellation of the MNI MRI
single-subject brain. Neuroimage 2002;15:273-289

Fox MD, Snyder AZ, Vincent JL, Corbetta M, Van Essen DC,
Raichle ME. The human brain is intrinsically organized into
dynamic, anticorrelated functional networks. Proc Natl
Acad Sci U S A 2005;102:9673-9678

Haatveit B, Jensen J, Alnaes D, et al. Reduced load-
dependent default mode network deactivation across
executive tasks in schizophrenia spectrum disorders.
Neuroimage Clin 2016;12:389-396

Metzak PD, Riley JD, Wang L, Whitman JC, Ngan ET,
Woodward TS. Decreased efficiency of task-positive
and task-negative networks during working memory in
schizophrenia. Schizophr Bull 2012;38:803-813

Wong CW, Olafsson V, Tal O, Liu TT. Anti-correlated
networks, global signal regression, and the effects of
caffeine in resting-state functional MRI. Neuroimage

WWw.i-mri.org



https://doi.org/10.13104/imri.2017.21.4.199

40.

41.

42.

2012;63:356-364

Klaassen EB, de Groot RH, Evers EA, et al. The effect of
caffeine on working memory load-related brain activation
in middle-aged males. Neuropharmacology 2013;64:160-
167

Ruijter J, Lorist MM, Snel J, De Ruiter MB. The influence of
caffeine on sustained attention: an ERP study. Pharmacol
Biochem Behav 2000;66:29-37

Haller S, Rodriguez C, Moser D, et al. Acute caffeine
administration impact on working memory-related
brain activation and functional connectivity in the
elderly: a BOLD and perfusion MRI study. Neuroscience

www.i-mri.org

43.

44,

45.

IMRI

2013;250:364-371

Childs E, de Wit H. Subjective, behavioral, and physiological
effects of acute caffeine in light, nondependent caffeine
users. Psychopharmacology (Berl) 2006;185:514-523
Brunye TT, Mahoney CR, Lieberman HR, Giles GE, Taylor
HA. Acute caffeine consumption enhances the executive
control of visual attention in habitual consumers. Brain
Cogn 2010;74:186-192

Keane MA, James JE. Effects of dietary caffeine on EEG,
performance and mood when rested and sleep restricted.
Hum Psychopharmacol 2008;23:669-680

209



