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Abstract

Patients with non-alcoholic fatty liver disease (NAFLD) have impaired health-related quality
of life including physical and mental state. Near-infrared spectroscopy (NIRS) is a useful
tool for evaluation of brain activity and depressive state. This study aimed to determine

the brain activity of female NAFLD patients using NIRS. Cerebral oxygenated hemoglobin
(oxy-Hb) concentration during a verbal fluency task (VFT) was measured using NIRS in 24
female NAFLD patients and 15 female healthy controls. The Center for Epidemiologic Stud-
ies Depression Scale (CES-D) questionnaire was administered to both groups before NIRS.
There was no significant difference in CES-D score between groups. However, the oxy-

Hb concentration and number of words during the VFT were less in NAFLD compared to
healthy controls. The mean value of oxy-Hb concentration during 0—-60 s VFT in the frontal
lobe was also smaller in NAFLD patients compared to healthy controls (0.082 £ 0.126 vs.
0.183+0.145, P<0.001). Cerebral oxygen concentration is poorly reactive in response to
VFT in female NAFLD patients. This may indicate an association between decreased brain
activity and NAFLD regardless of depression.

Introduction

Although some patients with non-alcoholic fatty liver disease (NAFLD) have depression in
addition to a positive association between depression and liver histological severity of NAFLD
[1-4], other studies have found no association between depression and NAFLD [5-6]. This
discrepancy may result from differences in evaluation methods for depression. On the other
hand, patients with NAFLD have impaired health-related quality of life. The scores of physical
and mental domains in the 36-item Short Form Health Survey (SF-36) questionnaire and
Chronic Liver Disease Questionnaire have been observed to be low in patients with NAFLD,
including patients with non-alcoholic steatohepatitis (NASH), compared to the general popu-
lation or to patients with hepatitis B [7-9]. These results imply that NAFLD patients have
depressive state even without apparent depression.
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The Center for Epidemiologic Studies Depression Scale (CES-D) and the Patient Health
Questionnaire (PHQ-9) are commonly used self-report depression scales [10-11]. These
methods are easy and useful tools for screening of depression, but they lack objectivity because
they are self-report scales. Neurobiological imaging studies of verbal fluency, such as positron
emission tomography (PET) and functional magnetic resonance imaging (fMRI), have been
proposed to overcome the limitations of depression diagnosis [12].

Near-infrared spectroscopy (NIRS) can measure cerebral blood volume as an oxygenated
hemoglobin (oxy-Hb) concentration. The front-temporal NIRS signal has been proposed as a
supportive tool in assisting the diagnosis of major psychiatric disorders with depressive symp-
toms in addition to evaluation for brain activity [13-15]. NISR is also convenient in that it is
easily performed and is low-cost in comparison with PET or fMRI.

We hypothesized that evaluation for brain activity using NIRS can elucidate the difference
between NAFLD patients and healthy individuals. In the present study, we investigated possible
latent abnormality of brain function using NIRS in female NAFLD patients. Female patients
were evaluated because female sex is an independent predictor of depression in NAFLD [2].

Materials and methods
Participants

In present study, we recruited a twenty-four Japanese female NAFLD patients without psychi-
atric disorders including depression from Fukushima University Hospital, and 15 age-adjusted
Japanese healthy females between December 2013 and July 2016. The diagnosis of NAFLD was
based on the Asia-Pacific Working Party guidelines for the assessment and management of
NAFLD [16]. Fatty liver was detected by ultrasonography in the absence of other causes of
chronic liver disease (e.g., hepatitis C antibody negative, hepatitis B surface antigen negative,
and alcohol consumption < 20 g/day). No subjects took any sleeping pills, antidepressants or
antipsychotics. Diabetes was defined as fasting plasma glucose > 126 mg/dL, hemoglobin Alc
(HbA1lc) > 6.5%, or the self-reported use of antihyperglycemic agents. Liver cirrhosis was
diagnosed based on the clinical features, laboratory and imaging findings. Dyslipidemia was
defined as fasting low-density lipoprotein cholesterol (LDL-C) > 140 mg/dL, fasting triglycer-
ides (TG) > 150 mg/dL, fasting high-density lipoprotein cholesterol (HDL-C) < 40 mg/dL, or
the self-reported use of antidyslipidemic agents. Hypertension was defined as systolic blood
pressure (BP) > 140 mmHg, diastolic BP > 90 mmHg, or the self-reported use of antihyper-
tensive agents. This study was approved by the Ethics Committee of Fukushima Medical Uni-
versity (#1735). All subjects provided written informed consent to participate in the study.

Activation task

A verbal fluency task (VFT) was used to estimate oxy-Hb activation in the frontal to temporal
lobes. Briefly, participants were instructed to say as many Japanese words starting with a desig-
nated syllable as possible for 20 s. The task was repeated 3 times during the 60-s task periods.

NIRS measurement

NIRS measurement was performed as described previously [14]. Concentrations of oxy-Hb
and deoxy-Hb were measured using a 52-channel NIRS system (ET'G-4000; Hitachi Medical
Co., Tokyo, Japan) using 2 wavelengths (695 and 830 nm) of infrared light (Fig 1) during a
10-s pre-task period, a 60-s activation period and a 55-s post-task baseline period. Reflected
light was measured by pairs of detector probes positioned 3.0 cm away and each measuring
area was defined as a channel. Each lobe of the brain was covered by the 52 channels. The rate
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Fig 1. Location of the 52-channel Near-Infrared Spectroscopy (NIRS) probes in the right temporal, frontal, and left temporal brain
regions.

https://doi.org/10.1371/journal.pone.0174169.g001

of data sampling was 0.1 seconds and obtained data were analyzed using integral mode; the
mean during a 10-s pre-task period was determined as the pre-task baseline, and the mean
over the last 5-s of the post-task period was determined as the post baseline, and linear fitting
used to the data between these two lines. We applied the algorithm developed by Takizawa
et al [14] to automatically reject the data with artifacts. Data were expressed as forms of wave
and topographic images. The mean of the increases in oxy-Hb concentrations in seven chan-
nels diagnostic for mental disorders [13-14] (channels 36-38 and 46-49) was calculated and
compared between the NAFLD patients and the controls (S1 File).

Questionnaires

The CES-D questionnaire was administered to assess depressive symptoms before NIRS mea-
surements. The CES-D is one of the most common screening questionnaires, consisting of 20
items about feelings (e.g., happy, fearful, depressed) and behaviors (e.g., crying, eating, sleep-
ing) [10]. The total score ranges from 0 to 60; a score of 16 or higher indicates depressed
mood. Sleep quality was evaluated by the Pittsburgh Sleep Quality Index (PSQI) before NIRS.
The PSQI is one of the most widely used standardized questionnaires for evaluating sleep qual-
ity. Nineteen questionnaire items generate seven component scores: sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medica-
tion, and daytime dysfunction [17].

Statistical analysis

Continuous data are expressed as median (interquartile range). The two groups (NAFLD
patients and healthy controls) were compared using the Mann-Whitney U test. Sample size
and power were calculated based on previous our study [18], power = 0.8, o. = 0.05. If there
were missing values, statistical analysis was performed using available data. Correlations
between laboratory variables were measured using Spearman’s correlation coefficient. Statisti-
cal analyses were performed using SPSS 17.0 for Windows (SPSS, Inc., Chicago, IL, USA).
MATLAB R2011 (MathWorks Inc., Natick, MA) software and Prism 6.0 software (GraphPad
Software, Inc). A P value < 0.05 was considered significant.

Results

The clinical characteristics of the NAFLD patients and healthy controls are shown in Table 1
(S1 File). There were no differences in age, CES-D score, or PSQI score, respectively. Body
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Table 1. Characteristics of NAFLD patients and healthy controls.

Characteristic NAFLD (n=24) Controls (n = 15) p- value

Age (years) 54 (47-61) 51 (48-54) 0.203
CES-D (score) 4 (2-9) 4 (1-6) 0.486
PSQI (score) 5(3-6) 5(2-7) 0.853
number of words during VFT 12 (10-14) 14 (13-17) 0.032*
Body mass index (kg/m?) 28.9 (25.8-32.1) 20.1(18.6-21.8) <0.001*
ALT (U/L) 49 (29-62) - -
ALP (U/L) 264 (210-298) - -
Total bilirubin (mg/dl) 0.7 (0.6-1.0) - -
LDL-C (mg/dl) 108 (91-131) - -
HDL-C (mg/dl) 51 (46-61) - -
Triglyceride (mg/dL) 122 (81-139) - -
Ferritin (ng/dL) 114 (62-223) - -
Fasting plasma glucose (mg/dl) 109 (97-129) - -
HbA1c (%) 6.0 (5.5-6.5) - -
FIB4 1.27 (0.85-1.93) - -
Diabetes mellitus (cases) 10

Dyslipidemia (cases) 14 - -
Hypertension (cases) 7 - -

Data are means median (interquartile range).
Statistical analysis was conducted using Mann-Whitney U test.

*Significant differences between NAFLD and control group (p < 0.05).

CES-D, Center for Epidemiologic Studies Depression Scale; PSQl, Pittsburgh Sleep Quality Index; VFT, verbal fluency task; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

https://doi.org/10.1371/journal.pone.0174169.t001

mass index (BMI) was significantly higher in the NAFLD patients. All NAFLD patients were
not cirrhosis. The number of words during VFT was significantly higher in the healthy con-
trols compared to the NAFLD patients.

The ground average oxy-Hb concentration during VFT is shown in Fig 2. The oxy-Hb con-
centrations were lower in the NAFLD patients in many channels than in the healthy controls.
Fig 3 shows a topographic image of the difference in mean oxy-Hb concentration during VFT
0-60 s between the NAFLD patients and healthy controls. The red, green and blue colors indi-
cate increase, no change, and decrease of average oxy-Hb concentration, respectively, in the
NAFLD patients compared to the healthy controls. Each mean oxy-Hb concentration of the
ten channels (Ch 25, 29, 36-38, 44, 46-49) was significantly lower in the NAFLD patients than
in the healthy controls, respectively. Moreover, the mean value of oxy-Hb during the 60-s task
periods in seven channels (Ch 36-38, 46-49) was significantly lower in the NAFLD patients
compared to the healthy controls (0.082 + 0.126 vs. 0.183 + 0.145, P < 0.001) (Fig 4). On the
other hand, there were no significant changes in channels of temporo-parietal areas. In the
NAFLD patients, there were no significant correlations between mean oxy-Hb concentration,
laboratory findings, and BMI (S1 Table).

Discussion

In the present study, brain activity of female NAFLD patients was evaluated by NIRS. NIRS
showed that an increase in cerebral oxy-Hb concentration in response to the VFT was small in
the NAFLD patients compared to the healthy controls in the frontal lobe despite no significant
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Fig 2. Time-dependent changes in oxygenated hemoglobin concentration in response to a verbal fluency task in NAFLD patients
(red) and healthy controls (blue).

https://doi.org/10.1371/journal.pone.0174169.g002

difference in the CES-score between the two groups. To the best of our knowledge, our study
appears to be the first to evaluate NAFLD patients using NIRS.

NIRS is one of the imaging tools for evaluating brain activity [12]. A positive correlation
has been confirmed between oxy-Hb concentration by NIRS and blood-oxygen-level-depen-
dent signaling by fMRI [19-20]. Therefore, NIRS has been applied to objective evaluation of
depressive state in psychiatric disorders [13-15]. With respect to liver disease, impaired brain
activity in cirrhotic patients with minimal hepatic encephalopathy has been confirmed by
NIRS [21]. We recently reported reduced frontal activation in chronic hepatitis C patients
with interferon-based therapy using NIRS [18]. Other than these studies mentioned above,
there have been no reports on evaluation using NIRS in patients having NAFLD with other
metabolic diseases such as hypertension, dyslipidemia and diabetes mellitus.

NAFLD is the hepatic form of metabolic syndrome; therefore, many lifestyle factors can
affect NAFLD [22]. We recently showed that sleep shortage tends to be associated with
NAFLD in Japanese women [23]. Other investigators have shown that depression is also
affected by many lifestyle factors such as eating, exercise, and sleeping [24]. Consequently, pre-
vious studies have indicated an association between depression and NAFLD including histo-
logical features [1-4]. Interestingly, we found a decrease in oxy-Hb concentration during tasks
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Fig 3. Topographic images of the differences in mean of oxygenated hemoglobin changes between NAFLD patients and healthy
controls. Red circles indicate the channels that were significantly smaller in NAFLD patients compared to healthy controls.
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Fig 4. Comparison of the mean of oxygenated hemoglobin concentration in frontal channels (ch 36-38, ch 46—49) during the 0-
60-s task period between NAFLD patients (n = 24) and healthy controls (n = 15).

https://doi.org/10.1371/journal.pone.0174169.9004
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in NAFLD patients despite having CES-D scores similar to those of healthy controls. This
result may reflect a decrease in brain activity in NAFLD before the patients are experiencing
depression.

We confirmed the decreased number of words during VFT in the NAFLD patients in addi-
tion to decreased oxy-Hb concentration in present study. This finding can indicate decreased
oxy-Hb concentration reflects a decrease in brain activity in NAFLD patients because there is
generally a positive correlation between brain activity and numbers of words articulated in
VFT [25-26]. Lower cognitive performance in patients with NAFLD has been recently
reported by epidemiological study [27]. Therefore, decline of cognition function may explain
the decrease in number of words and oxy-Hb concentration during VFT in NAFLD patients.
Moreover, sleep shortage has been reported to decrease the NIRS signal [28]. Short sleep dura-
tion and poor sleep quality have been reported in NAFLD patients [23, 29]; thus, sleep disorder
may be a reason for decreased oxy-Hb concentration during VFT. However, decreased oxy-
Hb concentration during VFT in NAFLD cannot be explained only by sleep disorder because
there was no significant difference in the PSQI score, including the sleep duration component,
between the two groups in the present study.

Although there was not significant, the mean of oxy-Hb concentration around right tempo-
ral area (CH12) tended to be higher in patients with NAFLD compared to that of healthy con-
trols. Previous study reported satiation decreased regional cerebral blood flow in several
regions including temporal cortex [30]. NAFLD patients were fasting at the time of NIRS,
other, healthy controls were almost after meal. Therefore, satiation in healthy control may
explain the higher oxy-Hb concentration around right temporal-parietal area in in patients
with NAFLD.

The present study had several limitations. First, there have been some concerns regarding
evaluation by NIRS [31-32]. NIRS signals during VFT may be influenced by skin blood flow.
Furthermore, metabolic complications or medications also may affect NIRS signals. Evaluation
by NIRS for patients with metabolic complications will solve the problems in the future. Sec-
ondly, the sample size was small and the subjects were limited to only female NAFLD patients.
Moreover, some NIRS signals of temporal area couldn’t detect in all subjects because of arti-
facts, therefore, it can’t deny the possibility of significance differences in those channels.
Other, there was no liver histological evaluation of the NAFLD patients. Unfortunately, there
was no correlation between average oxy-Hb concentration and laboratory findings in the pres-
ent study. This may result from the small sample size or that the NAFLD patients in the pres-
ent study were well-controlled by treatment. In the future, a large-scale study including male
patients and histological evaluation is required to elucidate the effect of brain activity in
NAFLD.

Conclusions

Decreased brain activity may be associated with female NAFLD patients without depression.
NIRS can be a useful tool for the evaluation of brain activity in NAFLD patients.

Supporting information

S1 Table. Correlations between mean oxy-Hb concentration in frontal channels (Ch 36—
38, 46-49), laboratory findings, and Body mass index.
(DOCX)

S1 File. Level data of subjects.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0174169  April 4, 2017 7/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174169.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174169.s002
https://doi.org/10.1371/journal.pone.0174169

@° PLOS | ONE

Reduced brain activity in female NAFLD patients

Author Contributions

Conceptualization: AT SK AW SO KA HI MF MH KO IM HY HO.

Data curation: AT SK SO.

Formal analysis: AT SK.

Funding acquisition: HY HO.

Investigation: AT SK SO.

Methodology: AT SK AW HY.

Resources: HY HO.

Software: AT SK.

Supervision: AT.

Validation: AT SK AW KA IM HY.

Visualization: AT SK.

Writing — original draft: AT.

Writing — review & editing: AT SK AW SO KA HI MF MH KO IM HY HO.

References

1.

10.

Elwing JE, Lustman PJ, Wang HL, Clouse RE. Depression, anxiety, and nonalcoholic steatohepatitis.
Psychosom Med. 2006; 68:563-569. https://doi.org/10.1097/01.psy.0000221276.17823.df PMID:
16868265

Weinstein AA, Kallman Price J, Stepanova M, Poms LW, Fang Y, Moon J, et al. Depression in patients
with nonalcoholic fatty liver disease and chronic viral hepatitis B and C. Psychosomatics. 2011;
52:127-132. https://doi.org/10.1016/j.psym.2010.12.019 PMID: 21397104

Youssef NA, Abdelmalek MF, Binks M, Guy CD, Omenetti A, Smith AD, et al. Associations of depres-
sion, anxiety and antidepressants with histological severity of nonalcoholic fatty liver disease. Liver Int.
2013; 33:1062-1070. https://doi.org/10.1111/liv.12165 PMID: 23560860

Tomeno W, Kawashima K, Yoneda M, Saito S, Ogawa Y, Honda Y, et al. Non-alcoholic fatty liver dis-
ease comorbid with major depressive disorder: The pathological features and poor therapeutic efficacy.
J Gastroenterol Hepatol. 2015; 30:1009-1014. https://doi.org/10.1111/jgh.12897 PMID: 25619308

Surdea-Blaga T, Dumitrascu DL. Depression and anxiety in nonalcoholic steatohepatitis: is there any
association? Rom J Intern Med. 2011; 49:273-280. PMID: 22568272

Lee K, Otgonsuren M, Younoszai Z, Mir HM, Younossi ZM. Association of chronic liver disease with
depression: a population-based study. Psychosomatics. 2013; 54:52-59. https://doi.org/10.1016/].
psym.2012.09.005 PMID: 23295007

Dan AA, Kallman JB, Wheeler A, Younoszai Z, Collantes R, Bondini S, et al. Health-related quality of
life in patients with non-alcoholic fatty liver disease. See comment in PubMed Commons belowAliment
Pharmacol Ther. 2007; 26:815-820.

David K, Kowdley KV, Unalp A, Kanwal F, Brunt EM, Schwimmer JB; NASH CRN Research Group.
Quality of life in adults with nonalcoholic fatty liver disease: baseline data from the nonalcoholic steato-
hepatitis clinical research network. Hepatology. 2009; 49:1904—1912. https://doi.org/10.1002/hep.
22868 PMID: 19434741

Chawla KS, Talwalkar JA, Keach JC, Malinchoc M, Lindor KD, Jorgensen R. Reliability and validity of
the Chronic Liver Disease Questionnaire (CLDQ) in adults with non-alcoholic steatohepatitis (NASH).
BMJ Open Gastroenterol. 2016; 3:e000069. https://doi.org/10.1136/bmjgast-2015-000069 PMID:
27110379

Weissman MM, Sholomskas D, Pottenger M, Prusoff BA, Locke BZ. Assessing depressive symptoms
in five psychiatric populations: a validation study. See comment in PubMed Commons belowAm J Epi-
demiol. 1977; 106:203-214.

PLOS ONE | https://doi.org/10.1371/journal.pone.0174169  April 4, 2017 8/10


https://doi.org/10.1097/01.psy.0000221276.17823.df
http://www.ncbi.nlm.nih.gov/pubmed/16868265
https://doi.org/10.1016/j.psym.2010.12.019
http://www.ncbi.nlm.nih.gov/pubmed/21397104
https://doi.org/10.1111/liv.12165
http://www.ncbi.nlm.nih.gov/pubmed/23560860
https://doi.org/10.1111/jgh.12897
http://www.ncbi.nlm.nih.gov/pubmed/25619308
http://www.ncbi.nlm.nih.gov/pubmed/22568272
https://doi.org/10.1016/j.psym.2012.09.005
https://doi.org/10.1016/j.psym.2012.09.005
http://www.ncbi.nlm.nih.gov/pubmed/23295007
https://doi.org/10.1002/hep.22868
https://doi.org/10.1002/hep.22868
http://www.ncbi.nlm.nih.gov/pubmed/19434741
https://doi.org/10.1136/bmjgast-2015-000069
http://www.ncbi.nlm.nih.gov/pubmed/27110379
https://doi.org/10.1371/journal.pone.0174169

@° PLOS | ONE

Reduced brain activity in female NAFLD patients

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen
Intern Med. 2001; 16:606—613. https://doi.org/10.1046/j.1525-1497.2001.016009606.x PMID:
11556941

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

Suto T, Fukuda M, Ito M, Uehara T, Mikuni M. Multichannel near-infrared spectroscopy in depression
and schizophrenia: cognitive brain activation study. Biol Psychiatry. 2004; 55:501-511. https://doi.org/
10.1016/j.biopsych.2003.09.008 PMID: 15023578

Takizawa R, Kasai K, Kawakubo Y, Marumo K, Kawasaki S, Yamasue H, et al. Reduced frontopolar
activation during verbal fluency task in schizophrenia: a multi-channel near-infrared spectroscopy
study.Schizophr Res. 2008; 99:250-262. https://doi.org/10.1016/j.schres.2007.10.025 PMID:
18063344

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 Pt 1:498-507.

Farrell GC, Chitturi S, Lau GK, Diehl AM, Brunt EM, Cusi K et al; Asia-Pacific Working Party on NAFLD.
Guidelines for the assessment and management of non-alcoholic fatty liver disease in the Asia-Pacific
region: executive summary. J Gastroenterol Hepatol. 2007; 22: 775-777. https://doi.org/10.1111/j.
1440-1746.2007.05002.x PMID: 17565629

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry Res. 1989; 28:193-213. PMID:
2748771

Abe K, Wada A, Oshima S, Kono S, Takahashi A, Kanno Y, et al. Reduced frontal activation during ver-
bal fluency task in chronic hepatitis C patients with interferon-based therapy as measured by near-infra-
red spectroscopy. Hepatol Res. 2016 Apr 7. [Epub ahead of print]

Strangman G, Culver JP, Thompson JH, Boas DA. A quantitative comparison of simultaneous BOLD
fMRI and NIRS recordings during functional brain activation. Neuroimage. 2002; 17:719-731. PMID:
12377147

Sassaroli A, deB Frederick B, Tong Y, Renshaw PF, Fantini S. Spatially weighted BOLD signal for com-
parison of functional magnetic resonance imaging and near-infrared imaging of the brain. Neuroimage.
2006; 33:505-514. https://doi.org/10.1016/j.neuroimage.2006.07.006 PMID: 16945553

Nakanishi H, Kurosaki M, Nakanishi K, Tsuchiya K, Noda T, Tamaki N, et al. Impaired brain activity in
cirrhotic patients with minimal hepatic encephalopathy: Evaluation by near-infrared spectroscopy.
Hepatol Res. 2014; 44:319-326. https://doi.org/10.1111/hepr.12127 PMID: 23607661

Nseir W, Hellou E, Assy N. Role of diet and lifestyle changes in nonalcoholic fatty liver disease. World J
Gastroenterol. 2014; 20: 9338-9344. https://doi.org/10.3748/wjg.v20.i28.9338 PMID: 25071328

Imaizumi H, Takahashi A, Tanji N, Abe K, Sato Y, Anzai Y, et al. The association between sleep dura-
tion and non-alcoholic fatty liver disease among Japanese men and women. Obes Facts. 2015; 8:234—
242. https://doi.org/10.1159/000436997 PMID: 26138724

Lopresti AL, Hood SD, Drummond PD. A review of lifestyle factors that contribute to important pathways
associated with major depression: diet, sleep and exercise. J Affect Disord. 2013; 148:12-27. https:/
doi.org/10.1016/j.jad.2013.01.014 PMID: 23415826

Obrig H, Hirth C, Junge-Huilsing JG, Dége C, Wolf T, Dirnagl U, et al. Cerebral oxygenation changes in
response to motor stimulation. J Appl Physiol (1985). 1996; 81:1174—1183.

Curtis CE, Rao VY, D’Esposito M. Maintenance of spatial and motor codes during oculomotor delayed
response tasks. J Neurosci. 2004; 24:3944—3952. https://doi.org/10.1523/JNEUROSCI.5640-03.2004
PMID: 15102910

Seo SW, Gottesman RF, Clark JM, Hernaez R, Chang Y, Kim C, et al. Nonalcoholic fatty liver disease
is associated with cognitive function in adults. Neurology. 2016; 6:1136—1142.

Miyata S, Noda A, Ozaki N, Hara Y, Minoshima M, Iwamoto K, et al. Insufficient sleep impairs driving
performance and cognitive function. Neurosci Lett. 2010; 469:229-233. https://doi.org/10.1016/j.
neulet.2009.12.001 PMID: 19969042

Kim CW, Yun KE, Jung HS, Chang Y, Choi ES, Kwon MJ, et al. Sleep duration and quality in relation to
non-alcoholic fatty liver disease in middle-aged workers and their spouses. J Hepatol 2013; 59:351—
357. https://doi.org/10.1016/j.jhep.2013.03.035 PMID: 23578884

Gautier JF, Del Parigi A, Chen K, Salbe AD, Bandy D, Pratley RE, et al. Effect of satiation on brain activ-
ity in obese and lean women. Obes Res. 2001; 9:676—684. https://doi.org/10.1038/0by.2001.92 PMID:
11707534

PLOS ONE | https://doi.org/10.1371/journal.pone.0174169  April 4, 2017 9/10


https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1016/j.ijpsycho.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19815035
https://doi.org/10.1016/j.biopsych.2003.09.008
https://doi.org/10.1016/j.biopsych.2003.09.008
http://www.ncbi.nlm.nih.gov/pubmed/15023578
https://doi.org/10.1016/j.schres.2007.10.025
http://www.ncbi.nlm.nih.gov/pubmed/18063344
https://doi.org/10.1111/j.1440-1746.2007.05002.x
https://doi.org/10.1111/j.1440-1746.2007.05002.x
http://www.ncbi.nlm.nih.gov/pubmed/17565629
http://www.ncbi.nlm.nih.gov/pubmed/2748771
http://www.ncbi.nlm.nih.gov/pubmed/12377147
https://doi.org/10.1016/j.neuroimage.2006.07.006
http://www.ncbi.nlm.nih.gov/pubmed/16945553
https://doi.org/10.1111/hepr.12127
http://www.ncbi.nlm.nih.gov/pubmed/23607661
https://doi.org/10.3748/wjg.v20.i28.9338
http://www.ncbi.nlm.nih.gov/pubmed/25071328
https://doi.org/10.1159/000436997
http://www.ncbi.nlm.nih.gov/pubmed/26138724
https://doi.org/10.1016/j.jad.2013.01.014
https://doi.org/10.1016/j.jad.2013.01.014
http://www.ncbi.nlm.nih.gov/pubmed/23415826
https://doi.org/10.1523/JNEUROSCI.5640-03.2004
http://www.ncbi.nlm.nih.gov/pubmed/15102910
https://doi.org/10.1016/j.neulet.2009.12.001
https://doi.org/10.1016/j.neulet.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/19969042
https://doi.org/10.1016/j.jhep.2013.03.035
http://www.ncbi.nlm.nih.gov/pubmed/23578884
https://doi.org/10.1038/oby.2001.92
http://www.ncbi.nlm.nih.gov/pubmed/11707534
https://doi.org/10.1371/journal.pone.0174169

o ®
@ : PLOS | ONE Reduced brain activity in female NAFLD patients

31. Takahashi T, Takikawa Y, Kawagoe R, Shibuya S, lwano T, Kitazawa S. Influence of skin blood flow on
near-infrared spectroscopy signals measured on the forehead during a verbal fluency task. Neuro-
image. 2011; 57:991-1002. https://doi.org/10.1016/j.neuroimage.2011.05.012 PMID: 21600294

32. Kirilina E, Jelzow A, Heine A, Niessing M, Wabnitz H, Brihl R, et al. The physiological origin of task-
evoked systemic artefacts in functional near infrared spectroscopy. Neuroimage. 2012; 61:70-81.
https://doi.org/10.1016/j.neuroimage.2012.02.074 PMID: 22426347

PLOS ONE | https://doi.org/10.1371/journal.pone.0174169  April 4, 2017 10/10


https://doi.org/10.1016/j.neuroimage.2011.05.012
http://www.ncbi.nlm.nih.gov/pubmed/21600294
https://doi.org/10.1016/j.neuroimage.2012.02.074
http://www.ncbi.nlm.nih.gov/pubmed/22426347
https://doi.org/10.1371/journal.pone.0174169

