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Abstract

In applications of near-infrared spectroscopy (NIRS) in clinical psychiatry settings in Japan,
a phonemic verbal fluency test (VFT) that includes “switching” (the ability to shift efficiently
to a new word subcategory) to assess phonemic fluency is employed to capture disease-
specific hemodynamic changes in the prefrontal cortex (PFC). In this study, to extend the
specific features of this test, the VFT was repeated to examine an activation change in NIRS
measurements in 20 healthy males. Without task performance change, the hemodynamic
activation induced by the VFT was significantly attenuated in the left PFC through repetition
of the task. These findings suggest that the left PFC is involved in processing of the VFT.
Further, it may be possible to extend the current VFT using this repetition to provide a more
sensitive examination of the left PFC, whose dysfunction has been reported in several psy-
chiatric diseases such as major depression, bipolar disorder, and schizophrenia.

Introduction

On the basis of accumulating evidence regarding near-infrared spectroscopy (NIRS) as a
promising simple neuroimaging modality to phenomenologically depict dynamic brain activa-
tion, the application of NIRS in psychiatric clinical settings in Japan has been discussed [1, 2].
In a trial in Japan, a phonemic version of the verbal fluency test (VFT) was employed to cap-
ture prefrontal hemodynamic changes for the purpose of assisting differential diagnoses for
major depressive disorder, bipolar disorder, and schizophrenia [3-6]. The prefrontal activa-
tion pattern is characterized in this setting to be small, delayed, and distorted for major depres-
sion, bipolar disorder, and schizophrenia, respectively [3-5]. Although this trial has been
partially successful in that the phonemic VFT has been approved as a medical examination by
the health ministry in Japan, its accuracy remains to be improved, as demonstrated by the fact
that the sensitivity of the distinguished prefrontal activation pattern is 52% for major depres-
sion (small activation), 66% for bipolar disorder (delayed activation), and 59% for schizophre-
nia (distorted activation) [7]. Addressing this issue will require an understanding and further
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development of the current VFT that is qualified for medical examination in Japan, albeit not
enough, to assist in the differential diagnosis of these diseases.

VFT consists of two dissociable phenomena of verbal fluency performance: (1) “clustering,”
which generates semantically or phonemically related words within subcategories and (2)
“switching,” which is the ability to shift efficiently to a new subcategory [8, 9]. Switching is par-
ticularly needed for word generation in phonemic VFT, whereas switching and clustering are
equally important for semantic VFT [8, 9]. In accordance with these neuropsychological fea-
tures of the two versions of the VFT, a direct comparison of the two tasks in positron emission
tomography (PET) and fMRI studies has shown that phonemic VFT activates the prefrontal
cortex (PFC) more strongly than does semantic VFT [10, 11, 12], because switching is primar-
ily subserved by the PFC [8, 9, 13,14].

A unique feature of the phonemic VFT currently used in Japanese clinical psychiatric set-
tings is that it contains switching of designated syllables: three sets of syllables are designated
in 20-s segments for each 60-s task period [3-6]. This is a modification of the standard-type
phonemic VFT in which the designated syllable is constrained to one syllable for the entire
60-s task period [8]. This modified VFT (m-VFT) may be a task that engages profound switch-
ing ability, because structurally, it contains switching of the syllables, and the phonemic VFT
principally demands an intense switching ability. These features of the m-VFT may specifically
impact frontal cortical activation, which may, to some extent, allow validation of the m-VFT as
an assistive device in the differential diagnosis of psychiatric diseases. In this study, to extend
the unique feature of this test, the m-VFT was repeated, and the change in hemodynamic acti-
vation of the PFC was investigated using NIRS.

Materials and methods

Subjects

Twenty healthy males (age: mean * standard deviation [SD] = 28.2 + 3.3 years) participated in
this study. All were native Japanese speakers and were right handed, as indicated by their Edin-
burgh Inventory scores [15]. After a complete description of the study was presented, written
informed consent was obtained from all subjects. The present study was approved by the Eth-
ics Committee of Kindai University Faculty of Medicine.

NIRS

A 52-channel NIRS device, ETG-4000 Optical Topography System (Hitachi Medical Co.,
Tokyo, Japan), was used to measure relative changes in oxy- and deoxy-hemoglobin (Hb) con-
centrations using two wavelengths (695 and 830 nm) with a sampling rate of 100 ms. Optical
data were analyzed with the modified Beer-Lambert law [16] to calculate the signals reflecting
changes of Hb levels in arbitrary units (mM-mm). NIRS probes were fixed using 3 x 11 ther-
moplastic shells, with the lowest probes positioned along the Fp1-Fp2 line according to the
International 10-20 system. The distance between pairs of emission and detector probes was
set at 3.0 cm, and the measurement area between the probes was defined as a channel. The
arrangement of channels covered a portion of the bilateral prefrontal and temporal regions (S1
Fig), where they measured Hb signals of the cortical surface at a depth of 2-3 cm from the
scalp [17-19]. This experimental setup was corroborated by a multi-individual study of the
anatomical craniocerebral correction using the International 10-20 system [20-22].

NIRS data analysis was performed according to the manual for clinical psychiatric settings
in Japan for NIRS measurements, as shown in previous reports [3-6, 23]. Briefly, relative
changes of oxy-Hb data were analyzed to estimate regional brain activation, and the mean
oxy-HD signals during the task period were analyzed using the “integral mode”: the pre-task
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baseline level was defined as the mean oxy-Hb measured for 10 s immediately before the task
period, the post-task baseline level was defined as the mean oxy-Hb for the last 5 s in the post-
task period, and linear fitting was then applied to the data between these pre- and post-task
baseline levels [3, 4, 23]. A 5-s moving average was calculated to eliminate any short-term
motion artifacts. Based on previous NIRS studies, the data acquired from the 21 channels in
the upper two rows were excluded from statistical analysis, because they clearly contained arti-
facts, presumably because of the presence of hair and also because their signal-to-noise ratio
seemed to be low or approaching zero [5, 6, 23].

Cognitive task

NIRS measurements were conducted using a series of three m-VFT sessions. Each m-VFT ses-
sion was performed according to previous reports [3-6], and included a 30-s pre-task baseline
period, a 60-s task period comprising three 20-s blocks, and a 70-s post-task baseline period
(Fig 1). Subjects were instructed to repeat a sequence of syllables (a, i, u, e, 0) during the pre-
task and post-task baseline periods. During the task, subjects were asked to generate as many
words as possible starting with the presented syllable on a computer display placed in front of
them. Generated words were marked as either correct or incorrect; the number of correct
words represented the subject’s performance score in the task. As Fig 1 shows, a series of three
sessions of the m-VFT were repeated, switching the designated syllables to avoid repetition of
the same stimuli. One of the three syllables was assigned to block 1 (seconds 0-20): /a/, /to/, or
/mna/; block 2 (seconds 20-40): /i/, /ki/, or /se/; and block 3 (seconds 40-60): /o/, /ta/, or /ha/.
Three-min rest intervals were taken between the m-VFT sessions. Throughout the three m-
VFT sessions, NIRS probes were not removed to avoid changing the optical path length of the
probes.

Data analysis

Performance scores were compared among the three m-VFT sessions using repeated measures
analysis of variance (ANOVA) with the Greenhouse-Geisser correction. Similarly, mean oxy-
Hb signals were compared among the three m-VFT sessions across all subjects using repeated-
measures ANOVA with the Greenhouse-Geisser correction. If this ANOVA yielded
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Fig 1. Design of the m-VFT set.
https://doi.org/10.1371/journal.pone.0193994.9001
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significance, Dunnett’s post-hoc multiple comparison test was conducted to detect a signifi-
cant change in the second or third compared with the first m-VFT session. Because we exam-
ined a total of 31 channels (referred to as “ch22-52” throughout) in the lower three rows, the
threshold for significance of p-values was set at 0.0016 (0.05/31) using the Bonferroni correc-
tion. All statistical tests were performed with GraphPad Prism 6.0 for Windows version 6.07
(GraphPad Software, Inc., La Jolla, CA, USA).

Results
Task performance

The number of words generated during the task did not differ significantly among the three
m-VFT sessions (first session: mean + SD = 15.7 + 3.5, second session: 15.8 + 3.7, and third
session: 16.8 + 3.3; F [1.8, 35.0] = 1.3, p = 0.29).

NIRS data analysis

The m-VFT, especially the 1* session, revealed increased oxy-Hb signals during the task in all
the NIRS channels analyzed in this study. Within the 31 channels, those judged by ETG-4000
software to be probe errors throughout the three m-VFT sessions were excluded from the anal-
ysis. According to this criterion, ch42 was excluded in two subjects, and ch23, 26, 31, 32, 33,
37, and 51 were excluded in one subject.

In the repeated-measures ANOVA examining mean oxy-HbD signals during the task, signifi-
cant differences were found on ch27 (F[DFn = 1.7, DFd = 31.7] = 9.0, p = 0.0014), ch28 (F[1.7,
31.5] =9.7, p = 0.0010), ch29 (F[1.5, 28.7] = 9.9, p = 0.0013), and ch38 (F[1.9, 35.2] = 8.7,

p =0.0011; Figs 2 and 3A). All p-values in the repeated-measures ANOVA for the remaining
channels were above 0.0016. Dunnett’s post-hoc multiple comparison test of the four channels
showed that mean oxy-Hb signals during the task were significantly decreased in the third
compared with the first session on ch28 (first vs second session: p = 0.0206; first vs third ses-
sion: p = 0.0008; Fig 3B). No significant differences in mean oxy-Hb signals during the task
were observed on ch27 (first vs second session: p = 0.0353; first vs third session: p = 0.0035),
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Fig 2. Grand averages of waveforms of oxy-Hb signal changes across all subjects in three m-VFT sessions (black
line: First session, blue line: Second session, and red line: Third session). T represents p < 0.0016 in ANOVA. *
represents p < 0.0016 in ANOVA with post-hoc test (first vs third session). Bonferroni-corrected a-level was 0.0016
(0.05/31).

https://doi.org/10.1371/journal.pone.0193994.g002
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Fig 3. (a) Location of channels where task-induced activation was significantly affected by repetition of m-VFT
(highlighted in yellow). (b) Mean oxy-Hb signals during the task in three m-VFT sessions on ch28. Significant
attenuation of the activation was detected between first and third sessions on this channel.

https://doi.org/10.1371/journal.pone.0193994.g003

ch29 (first vs second session: p = 0.0073; first vs third session: p = 0.0046), or ch38 (first vs sec-
ond session: p = 0.0612; first vs third session: p = 0.0027).
Please refer to S1 Table. for the details of analyzed data.

Discussion

The present study was the first NIRS study, to our knowledge, to show how phonemic VFT-
induced regional brain activation was changed during repetitive VFTs. Without obvious task
performance change, which ensures the consistent commitment of subjects to the task, hemo-
dynamic activation was significantly attenuated by repeating the m-VFT on four channels:
ch27, 28, 29, and 38. These four channels were located in the left PFC. In contrast; none of the
channels located in the right hemisphere reached statistical significance. The attenuation of m-
VFT-induced activation was pronounced on ch28, which is annotated in the left dorsolateral
PFC (DLPFC) according to a virtual registration of the NIRS channels [20-22, 24]. These find-
ings demonstrate that repetition of the m-VFT attenuated the task-induced activation in the
left PFC, where the attenuation was presumably emphasized in the left DLPFC.

The left PFC is a central region for verbal processing [25, 26]. Within the PFC, working
memory postulates a crucial role in the dorsolateral portion [27, 28]. Consistent with this line
of evidence, a PET study showed that the left DLPFC mediates the manipulation of verbal
working memory [29]. Several fMRI studies reported that working memory tasks induced less
activation after repetition of the task [30, 31], even without obvious task performance change
[32, 33]. One mechanism underlying this phenomenon is believed to be improved neural effi-
ciency of task processing [30, 32-35]. Because the automated processing induced by repeating
a working memory task results in a reduced demand on the working memory load, it also
reduces the activity in the task-related brain areas such as left DLPFC [31]. Combined with the
evidence that working memory is engaged in the VFT [36, 37], these lines of evidence suggest
that our results—that is, the attenuated activation around the left DLPFC without task perfor-
mance change—are due to an improved neural efficiency to manipulate the VFT. Nonetheless,
some other possibilities cannot be excluded, which may potentially explain the decrease of the
oxy-Hb found in our study, e.g., mediation of some cognitive process may be implemented
only in the initial phase of task learning [32] or over-activation amplified in the initial phase of
task may be optimized during task repetition [38].

A number of fMRI studies have shown that the left PFC is potently activated by the phone-
mic VFT [39, 40], and a fMRI study reported that a phonemic VFT that contained switching
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of the designated syllables exhibited left PFC hypoactivation in depressed patients compared
with controls [41]. While NIRS studies show bilateral fronto-temporal activation during the
m-VFT in healthy controls [4-6], depressed patients are reported to have a weaker activation
in the left PFC during the first half of the task [42]. Because the laterality change was found in
the VFT with the switching of the designated syllables in these studies, Klumpp et al. hypothe-
sized that VFT's that require more switching among phonemes may be more sensitive to left
frontal lobe deficits than those with less switching [43]. Our results support this hypothesis
from the viewpoint of normal engagement of the left PFC in manipulating the VFT. Further,
our results could guide further development of the current VFT to focus more on left PFC dys-
function. Namely, repetition of the m-VFT could provide a more sensitive examination of left
PFC function in terms of the efficiency of neural processing, in addition to observations from
the single m-VFT that is currently used in clinical psychiatry settings in Japan. This enriched
information from repeating m-VFT may be useful even for classifying a disease into subtypes
that could be associated with some specific aspects of the disease, such as a symptom or treat-
ment response.

This study had a few methodological limitations. First, the spatial resolution of NIRS was
insufficient to precisely annotate the channel locations on the segmentalized cortical surface
area. A study using fMRI in conjunction with NIRS would be valuable in future analysis to val-
idate the exact brain areas where the NIRS channels detected altered activation in this study.
Second, a certain portion of oxy-Hb signals acquired by the NIRS device contains some local
skin blood flow [44, 45]; therefore, we cannot exclude the possibility that the attenuation of m-
VFT-induced hemodynamic activation was not fully derived from the brain reaction. Never-
theless, based on our results, we must remember that when the VFT is applied in clinical
assessments, repeating the VFT (even when switching the designated syllables) attenuates the
task-induced hemodynamic activation on some of the frontal channels in NIRS
measurements.

In this study, we found that repetition of the m-VFT attenuated left PFC activation in NIRS
measurements. This finding suggests that left PFC is a sensitive region for processing the m-
VFT. This would support Klumpp’s hypothesis, which points out a possible association
between the switching in VFT and sensitivity of the left frontal dysfunction [43]. Taken
together, these results indicate that repetition of the m-VFT may enhance the current, single-
use m-VFT by focusing more on the left PFC, whose dysfunction has been reported in several
psychiatric diseases such as major depressive disorder, bipolar disorder, and schizophrenia
[43, 46, 47]. Further studies should examine the task-induced hemodynamic changes in psy-
chiatric diseases, from the viewpoint of their particular pathophysiologies.

Supporting information

S1 Table. Details of analyzed data.
(XLSX)

S1 Fig. Channel locations for near-infrared spectroscopy.
(TIF)

Acknowledgments

We appreciate for the volunteers participated in this study and gratefully acknowledge the
assistance of Mr. Yusuke Gomyo in technical support of NIRS measurements and the statisti-
cal analysis. We would also like to thank Enago (http://www.enago.jp) for the English language
review.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193994 March 21,2018 6/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193994.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193994.s002
http://www.enago.jp/
https://doi.org/10.1371/journal.pone.0193994

@° PLOS | ONE

Modified verbal fluency test and hemodynamic activation in the prefrontal cortex

Author Contributions

Conceptualization: Yoshihiro Kawakubo, Masaya Yanagi.
Data curation: Yoshihiro Kawakubo, Masaya Yanagi.

Formal analysis: Yoshihiro Kawakubo, Masaya Yanagi.
Funding acquisition: Masaya Yanagi, Osamu Shirakawa.
Investigation: Yoshihiro Kawakubo, Masaya Yanagi.
Methodology: Yoshihiro Kawakubo, Masaya Yanagi.

Project administration: Yoshihiro Kawakubo, Masaya Yanagi.
Resources: Yoshihiro Kawakubo, Masaya Yanagi, Noa Tsujii.
Software: Yoshihiro Kawakubo, Masaya Yanagi.

Supervision: Masaya Yanagi, Osamu Shirakawa.

Validation: Yoshihiro Kawakubo, Masaya Yanagi, Noa Tsujii, Osamu Shirakawa.
Visualization: Yoshihiro Kawakubo, Masaya Yanagi.

Writing - original draft: Yoshihiro Kawakubo, Masaya Yanagi.

Writing - review & editing: Yoshihiro Kawakubo, Masaya Yanagi.

References

1. Ehlis AC, Schneider S, Dresler T, Fallgatter AJ. Application of functional near-infrared spectroscopy in
psychiatry. Neuroimage. 2014; 85: 478—488. https://doi.org/10.1016/j.neuroimage.2013.03.067 PMID:
23578578

2. Cyranoski D. Neuroscience: Thought experiment. Nature. 2011; 469: 148—149. https://doi.org/10.1038/
469148a PMID: 21228849

3. SutoT, Fukuda M, Ito M, Uehara T, Mikuni M. Multichannel near-infrared spectroscopy in depression
and schizophrenia: cognitive activation study. Bio Psychiatry. 2004; 55: 501-511.

4. Takizawa R, Kasai K, Kawakubo Y, Marumo K, Kawasaki S, Yamasue H, et al. Reduced frontopolar
activation during verbal fluency task in schizo-phrenia: amulti-channelnear-infraredspectroscopystudy.
Schizophr. 2008; 99: 250-262.

5. NodaT, Yoshida S, Matsuda T, Okamoto N, Sakamoto K, Koseki S, et al. Frontal and right temporal
activations correlate negatively with depressionse verity during verbal fluency task: a multi channel
near-infrared spectroscopy study. J Psychiatr Res. 2012; 46: 905-912. https://doi.org/10.1016/].
jpsychires.2012.04.001 PMID: 22572569

6. Takizawa R, Fukuda M, Kawasaki S, Kasai K, Mimura M, Pu S, et al. Joint Project for Psychiatric Appli-
cation of Near-Infrared Spectroscopy (JPSY-NIRS) Group. Neuroimaging-aided differential diagnosis
of the depressive state. Neuroimage. 2014; 85: 498-507. https://doi.org/10.1016/j.neuroimage.2013.
05.126 PMID: 23764293

7. Sugimura Y, Watanabe K, Ogawa S, Kodama T, Takeshita M, Noda T, et al. A discriminant model of
mental disorders based on wave form patterns obtained by multi-channel near-infrared spectroscopy.
Rinsho Byori. 2014; 62: 147—-152. [Article in Japanese] PMID: 24800490

8. Troyer AK, Moscovitch M, Winocur G. Clustering and switching as two components of verbal fluency:
evidence from younger and older healthy adults. Neuropsychology. 1997; 11: 138—146. PMID:
9055277

9. Abwender DA, Swan JG, Bowerman JT, Connolly SW. Qualitative analysis of verbal fluency output:
review and comparison of several scoring methods. Assessment. 2001; 8: 323-338. https://doi.org/10.
1177/107319110100800308 PMID: 11575625

10. Mummery CJ, Patterson K, Hodges JR, Wise RJ. Generating 'tiger’ as an animal name or a word begin-
ning with T: differences in brain activation. Proc Biol Sci. 1996; 263: 989-995. https://doi.org/10.1098/
rspb.1996.0146 PMID: 8805836

PLOS ONE | https://doi.org/10.1371/journal.pone.0193994 March 21,2018 7/9


https://doi.org/10.1016/j.neuroimage.2013.03.067
http://www.ncbi.nlm.nih.gov/pubmed/23578578
https://doi.org/10.1038/469148a
https://doi.org/10.1038/469148a
http://www.ncbi.nlm.nih.gov/pubmed/21228849
https://doi.org/10.1016/j.jpsychires.2012.04.001
https://doi.org/10.1016/j.jpsychires.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22572569
https://doi.org/10.1016/j.neuroimage.2013.05.126
https://doi.org/10.1016/j.neuroimage.2013.05.126
http://www.ncbi.nlm.nih.gov/pubmed/23764293
http://www.ncbi.nlm.nih.gov/pubmed/24800490
http://www.ncbi.nlm.nih.gov/pubmed/9055277
https://doi.org/10.1177/107319110100800308
https://doi.org/10.1177/107319110100800308
http://www.ncbi.nlm.nih.gov/pubmed/11575625
https://doi.org/10.1098/rspb.1996.0146
https://doi.org/10.1098/rspb.1996.0146
http://www.ncbi.nlm.nih.gov/pubmed/8805836
https://doi.org/10.1371/journal.pone.0193994

@° PLOS | ONE

Modified verbal fluency test and hemodynamic activation in the prefrontal cortex

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

Gourovitch ML, Kirkby BS, Goldberg TE, Weinberger DR, Gold JM, Esposito G, et al. A comparison of
rCBF patterns during letter and semantic fluency. Neuropsychology. 2000; 14: 353—-360. PMID:
10928738

Heim S, Eickhoff SB, Amunts K. Specialisation in Broca's region for semantic, phonological, and syntac-
tic fluency? Neuroimage. 2008; 40: 1362—1368. https://doi.org/10.1016/j.neuroimage.2008.01.009
PMID: 18296070

Troyer AK, Moscovitch M, Winocur G, Alexander MP, Stuss D. Clustering and switching on verbal flu-
ency: the effects of focal frontal- and temporal-lobe lesions. Neuropsychologia. 1998; 36: 499-504.
PMID: 9705059

Hirshorn EA, Thompson-Schill SL. Role of the left inferior frontal gyrus in covert word retrieval: neural
correlates of switching during verbal fluency. Neuropsychologia. 2006; 44: 2547-2557. https://doi.org/
10.1016/j.neuropsychologia.2006.03.035 PMID: 16725162

Oldfield RC. Theassessmentandanalysisofhandedness: the Edinburgh inventory. Neuropsychologia.
1971;9: 97-113. PMID: 5146491

Cope M, Delpy DT, Reynolds EO, Wray S, Wyatt J, van der Zee P. Methods of quantitating cerebral
near infrared spectroscopy data. Adv Exp Med Biol. 1988; 222: 183—-189. PMID: 3129910

Hock C, Villringer K, Miller-Spahn F,Wenzel R. Decrease in parietal cerebral hemoglobin oxygenation
during performance of a verbal fluency task in patients with Alzheimer's disease monitored by means of
near-infrared spectroscopy (NIRS)—correlation with simultaneous rCBF-PET measurements. Brain
Res. 1997; 755: 293-303. PMID: 9175896

Okada E, Delpy DT. Near-infrared light propagation in an adult head model. Il. Effect of superficial tissue
thickness on the sensitivity of the near-infrared spectroscopy signal. Appl Opt. 2003; 42: 2915-2922.
PMID: 12790440

Toronov V, Webb A, Choi JH, Wolf M, Michalos A, Gratton E, et al. Investigation of human brain hemo-
dynamics by simultaneous near-infrared spectroscopy and functional magnetic resonance imaging.
Med Phys. 2001; 28: 521-527. https://doi.org/10.1118/1.1354627 PMID: 11339749

Lancaster JL, Woldorff MG, Parsons LM, Liotti M, Freitas CS, Rainey L, et al. Automated Talairach
atlas labels for functional brain mapping. Hum Brain Mapp. 2000; 10: 120—131. PMID: 10912591

Singh AK, Okamoto M, Dan H, Jurcak V, Dan |. Spatial registration of multi-channel multi-subject fNIRS
data to MNI space without MRI. Neuroimage. 2005; 27: 842—851. https://doi.org/10.1016/j.neuroimage.
2005.05.019 PMID: 15979346

Tsuzuki D, Jurcak V, Singh AK, Okamoto M, Watanabe E, Dan |. Virtual spatial registration of stand-
alone fNIRS data to MNI space. Neuroimage. 2007; 34: 1506—1518. https://doi.org/10.1016/].
neuroimage.2006.10.043 PMID: 17207638

Tsuijii N, Mikawa W, Akashi H, Tsujimoto E, Adachi T, Kirime E, et al. Right temporal activation differs
between melancholia and nonmelancholic depression: a multichannel near-infrared spectroscopy
study. J Psychiatr Res. 2014; 55: 1-7. https://doi.org/10.1016/j.jpsychires.2014.04.003 PMID:
24780385

brain-lab.jp [Internet]. Tokyo: Dan’s Lab at Chuo University; c2010 [cited 2017 July 11]. Available from:
http://www.jichi.ac.jp/brainlab/virtual_registration/Result3x11.html.

Fiez JA. Phonology, semantics, and the role of the left inferior prefrontal cortex. Hum Brain Mapp. 1997;
5:79-83. PMID: 10096412

Gabrieli JD, Poldrack RA, Desmond JE. The role of left prefrontal cortex in language and memory. Proc
Natl Acad Sci U S A. 1998; 95: 906-913. PMID: 9448258

Goldman-Rakic PS. Cellular basis of working memory. Neuron. 1995; 14: 477—-485. PMID: 7695894

Barbey AK, Koenigs M, Grafman J. Dorsolateral prefrontal contributions to human working memory.
Cortex. 2013; 49: 1195-1205. https://doi.org/10.1016/j.cortex.2012.05.022 PMID: 22789779

Smith EE, Jonides J, Koeppe RA. Dissociating verbal and spatial working memory using PET. Cereb
Cortex. 1996; 6: 11—20. PMID: 8670634

Garavan H, Kelley D, Rosen A, Rao SM, Stein EA. Practice-related functional activation changesin a
working memory task. Microsc Res Tech. 2000; 51: 54—63. https://doi.org/10.1002/1097-0029
(20001001)51:1<54::AID-JEMT6>3.0.CO;2-J PMID: 11002353

Jansma JM, Ramsey NF, Slagter HA, Kahn RS. Functional anatomical correlates of controlled and
automatic processing. J Cogn Neurosci. 2001; 13: 730-743. https://doi.org/10.1162/
08989290152541403 PMID: 11564318

Landau SM, Schumacher EH, Garavan H, Druzgal TJ, D’Esposito M. A functional MRI study of the influ-
ence of practice on component processes of working memory. Neuroimage. 2004; 22: 211-221. https://
doi.org/10.1016/j.neuroimage.2004.01.003 PMID: 15110011

PLOS ONE | https://doi.org/10.1371/journal.pone.0193994 March 21,2018 8/9


http://www.ncbi.nlm.nih.gov/pubmed/10928738
https://doi.org/10.1016/j.neuroimage.2008.01.009
http://www.ncbi.nlm.nih.gov/pubmed/18296070
http://www.ncbi.nlm.nih.gov/pubmed/9705059
https://doi.org/10.1016/j.neuropsychologia.2006.03.035
https://doi.org/10.1016/j.neuropsychologia.2006.03.035
http://www.ncbi.nlm.nih.gov/pubmed/16725162
http://www.ncbi.nlm.nih.gov/pubmed/5146491
http://www.ncbi.nlm.nih.gov/pubmed/3129910
http://www.ncbi.nlm.nih.gov/pubmed/9175896
http://www.ncbi.nlm.nih.gov/pubmed/12790440
https://doi.org/10.1118/1.1354627
http://www.ncbi.nlm.nih.gov/pubmed/11339749
http://www.ncbi.nlm.nih.gov/pubmed/10912591
https://doi.org/10.1016/j.neuroimage.2005.05.019
https://doi.org/10.1016/j.neuroimage.2005.05.019
http://www.ncbi.nlm.nih.gov/pubmed/15979346
https://doi.org/10.1016/j.neuroimage.2006.10.043
https://doi.org/10.1016/j.neuroimage.2006.10.043
http://www.ncbi.nlm.nih.gov/pubmed/17207638
https://doi.org/10.1016/j.jpsychires.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24780385
http://www.jichi.ac.jp/brainlab/virtual_registration/Result3x11.html
http://www.ncbi.nlm.nih.gov/pubmed/10096412
http://www.ncbi.nlm.nih.gov/pubmed/9448258
http://www.ncbi.nlm.nih.gov/pubmed/7695894
https://doi.org/10.1016/j.cortex.2012.05.022
http://www.ncbi.nlm.nih.gov/pubmed/22789779
http://www.ncbi.nlm.nih.gov/pubmed/8670634
https://doi.org/10.1002/1097-0029(20001001)51:1<54::AID-JEMT6>3.0.CO;2-J
https://doi.org/10.1002/1097-0029(20001001)51:1<54::AID-JEMT6>3.0.CO;2-J
http://www.ncbi.nlm.nih.gov/pubmed/11002353
https://doi.org/10.1162/08989290152541403
https://doi.org/10.1162/08989290152541403
http://www.ncbi.nlm.nih.gov/pubmed/11564318
https://doi.org/10.1016/j.neuroimage.2004.01.003
https://doi.org/10.1016/j.neuroimage.2004.01.003
http://www.ncbi.nlm.nih.gov/pubmed/15110011
https://doi.org/10.1371/journal.pone.0193994

@° PLOS | ONE

Modified verbal fluency test and hemodynamic activation in the prefrontal cortex

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

Sayala S, Sala JB, Courtney SM. Increased neural efficiency with repeated performance of a working
memory task is information-type dependent. Cereb Cortex. 2006; 16: 609—617. https://doi.org/10.1093/
cercor/bhjo07 PMID: 16079245

Whatmough C, Nikelski J, Monchi O, Chertkow H. Increased neural efficiency in the temporal associa-
tion cortex as the result of semantic task repetition. Hum Brain Mapp. 2008; 29: 922-930. https://doi.
org/10.1002/hbm.20438 PMID: 17674355

Andreasen NC, O’Leary DS, Arndt S, Cizadlo T, Rezai K, Watkins GL, et al. I. PET studies of memory:
novel and practiced free recall of complex narratives. Neuroimage. 1995; 2: 284—295. https://doi.org/10.
1006/nimg.1995.1036 PMID: 9343613

Rende B, Ramsberger G, Miyake A. Commonalities and differences in the working memory compo-
nents underlying letter and category fluency tasks: a dual-task investigation. Neuropsychology. 2002;
16: 309-321. PMID: 12146678

Shao Z, Janse E, Visser K, Meyer AS. What do verbal fluency tasks measure? Predictors of verbal flu-
ency performance in older adults. Front Psychol. 2014; 5: 772. https://doi.org/10.3389/fpsyg.2014.
00772 PMID: 25101034

Milham MP, Banich MT, Claus ED, Cohen NJ. Practice-related effects demonstrate complementary
roles of anterior cingulate and prefrontal cortices in attentional control. Neuroimage. 2003; 8: 483—493.

Costafreda SG, Fu CH, Lee L, Everitt B, Brammer MJ, David AS. A systematic review and quantitative
appraisal of fMRI studies of verbal fluency: role of the left inferior frontal gyrus. Hum Brain Mapp. 2006;
27:799-810. https://doi.org/10.1002/hbm.20221 PMID: 16511886

Katzev M, Tuscher O, Hennig J, Weiller C, Kaller CP. Revisiting the functional specialization of left infe-
rior frontal gyrus in phonological and semantic fluency: the crucial role of task demands and individual
ability. J Neurosci. 2013 1; 33: 7837-7845. https://doi.org/10.1523/JNEUROSCI.3147-12.2013 PMID:
23637175

Okada G, Okamoto Y, Morinobu S, Yamawaki S, Yokota N. Attenuated left prefrontal activation during
a verbal fluency task in patients with depression. Neuropsychobiology. 2003; 47: 21-26. https://doi.org/
10.1159/000068871 PMID: 12606841

Kameyama M, Fukuda M, Yamagishi Y, Sato T, Uehara T, lto M, et al. Frontal lobe function in bipolar
disorder: a multichannel near-infrared spectroscopy study. Neuroimage. 2006; 29: 172—184. https://doi.
org/10.1016/j.neuroimage.2005.07.025 PMID: 16125979

Klumpp H, Deldin P. Review of brain functioning in depression for semantic processing and verbal flu-
ency. Int J Psychophysiol. 2010; 75: 77-85. https://doi.org/10.1016/j.ijpsycho.2009.10.003 PMID:
19815035

Takahashi T, Takikawa Y, Kawagoe R Differences in the pulsatile component of the skin hemodynamic
response to verbal fluency tasks in the forehead and the fingertip. Sci Rep. 2016; 6: 20978. https:/doi.
org/10.1038/srep20978 PMID: 26905432

Seiyama A, Higaki K, Takeuchi N, Uehara M, Takayama N. Estimation of skin blood flow artefacts in
nirs signals during a verbal fluency task. Adv Exp Med Biol. 2016; 876: 327—334. https://doi.org/10.
1007/978-1-4939-3023-4_41 PMID: 26782229

The ENIGMA Bipolar Disorder Working Group. Cortical abnormalities in bipolar disorder: an MRI analy-
sis of 6503 individuals from the ENIGMA Bipolar Disorder Working Group. Molecular Psychiatry 2017
(in press)

Goghari VM, Sponheim SR, MacDonald AW 3rd. The functional neuroanatomy of symptom dimensions
in schizophrenia: a qualitative and quantitative review of a persistent question. Neurosci Biobehav Rev.
2010; 34: 468-486. https://doi.org/10.1016/j.neubiorev.2009.09.004 PMID: 19772872

PLOS ONE | https://doi.org/10.1371/journal.pone.0193994 March 21,2018 9/9


https://doi.org/10.1093/cercor/bhj007
https://doi.org/10.1093/cercor/bhj007
http://www.ncbi.nlm.nih.gov/pubmed/16079245
https://doi.org/10.1002/hbm.20438
https://doi.org/10.1002/hbm.20438
http://www.ncbi.nlm.nih.gov/pubmed/17674355
https://doi.org/10.1006/nimg.1995.1036
https://doi.org/10.1006/nimg.1995.1036
http://www.ncbi.nlm.nih.gov/pubmed/9343613
http://www.ncbi.nlm.nih.gov/pubmed/12146678
https://doi.org/10.3389/fpsyg.2014.00772
https://doi.org/10.3389/fpsyg.2014.00772
http://www.ncbi.nlm.nih.gov/pubmed/25101034
https://doi.org/10.1002/hbm.20221
http://www.ncbi.nlm.nih.gov/pubmed/16511886
https://doi.org/10.1523/JNEUROSCI.3147-12.2013
http://www.ncbi.nlm.nih.gov/pubmed/23637175
https://doi.org/10.1159/000068871
https://doi.org/10.1159/000068871
http://www.ncbi.nlm.nih.gov/pubmed/12606841
https://doi.org/10.1016/j.neuroimage.2005.07.025
https://doi.org/10.1016/j.neuroimage.2005.07.025
http://www.ncbi.nlm.nih.gov/pubmed/16125979
https://doi.org/10.1016/j.ijpsycho.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19815035
https://doi.org/10.1038/srep20978
https://doi.org/10.1038/srep20978
http://www.ncbi.nlm.nih.gov/pubmed/26905432
https://doi.org/10.1007/978-1-4939-3023-4_41
https://doi.org/10.1007/978-1-4939-3023-4_41
http://www.ncbi.nlm.nih.gov/pubmed/26782229
https://doi.org/10.1016/j.neubiorev.2009.09.004
http://www.ncbi.nlm.nih.gov/pubmed/19772872
https://doi.org/10.1371/journal.pone.0193994

