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Provincial Clinical Research Center for Stroke Rehabilitation of Integrated Traditional Chinese and
Western Medicine, Wuhan, China

Background: Early detection of mild cognitive impairment (MCI) is crucial for
preventing Alzheimer’s disease (AD). This study aims to explore alterations
in brain co-functional connectivity between cognitively healthy individuals
and those with cognitive impairment during a verbal fluency task (VFT) using
functional near-infrared spectroscopy (fNIRS). The investigation examines
changes in brain activation patterns in both MCI patients and healthy controls
during the VFT and 1-back task, and identifies correlations between cognitive
function and brain activation areas using fNIRS technology.

Methods: This study evaluated markers for screening MCI by performing
the VFT and 1-back task using a 67-channel fNIRS to measure changes in
oxyhemoglobin (HbO) levels in the bilateral prefrontal and temporal lobes
of 108 healthy controls (HC) and 103 participants with MCI. The severity of
patients’ symptoms was assessed using the Montreal Cognitive Assessment
(MoCA) scale, neuropsychiatric symptoms were evaluated with the Symptom
Checklist-90 (SCL-90), and sleep quality was assessed using the Pittsburgh
Sleep Quality Index (PSQI).

Results: Compared with the HC group, the MCI group showed a significant reduction
in MoCA scores, with no significant differences in education level, PSQIl, and SCL-90
scores. There was no significant difference in brain activation levels between the
MCI and HC groups during the VFT. However, during the 1-back task, the MCI group
exhibited significantly reduced activation levels in channels 33, 54, 49, and 47, as well
as in the dorsolateral prefrontal cortex (DLPFC) and frontal eye fields (FEF). Moreover,
the mean HbO levels in these channels, DLPFC, and FEF during the 1-back task were
found to be significantly correlated with MoCA scores.

Discussion: When performing the VFT and 1-back task, our study found that
patients with MCI exhibited reduced brain activity levels in the DLPFC and FEF
only during the 1-back task. This diminished task-induced brain activity was
significantly positively correlated with MoCA scores and was less influenced
by mental health and sleep quality. The 1-back task may be a more optimal
paradigm for the early detection of MCI compared to the VFT.
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1 Introduction

With the acceleration of population aging, the prevalence of mild
cognitive impairment (MCI) and dementia has been on the rise,
establishing itself as a substantial global public health concern.
According to World Health Organization statistics, over 9.9 million
new dementia cases are reported worldwide annually, resulting in an
economic burden estimated at approximately 8.4 trillion yuan. By
2030, projections indicate that the total annual societal cost of
dementia in China will surpass 3 trillion yuan (1), imposing a
considerable strain on societal resources. Recent investigations have
revealed that the prevalence of MCI among individuals aged 60 and
above in China reaches 15.5% (2), with annual progression rates to
dementia ranging between 10 and 15%, which is 3 to 10 times greater
than that observed in cognitively normal elderly populations (3, 4).
Most dementia patients identified in clinical contexts are found in the
middle to advanced stages of the condition. Notably, MCI is regarded
as a reversible condition and has been globally acknowledged as the
most favorable phase for dementia prevention (2, 5). Consequently,
the demand for more precise tools and diagnostic standards capable
of facilitating the early detection of MCI has become increasingly
critical. Identifying MCI at an earlier stage and fortifying preventive
measures against dementia remain pivotal challenges and priorities
within brain science research.

At present, the early diagnosis of MCI is primarily dependent on
medical history, scales, body fluid analysis, and neuroimaging (6).
Nevertheless, scale-based assessments are inherently subjective and
may exhibit reduced accuracy, especially when administered
repeatedly. Research on body fluid examinations has demonstrated
that biomarkers such as amyloid -42/40, total tau, phosphorylated
tau-181 (p-taul8l), and phosphorylated tau-217 (p-tau2l7) in
cerebrospinal fluid exhibit certain sensitivity in the identification of
MCI. However, the widespread application of these tests is constrained
by their high cost, procedural complexity, and associated risks (7, 8).
Neuroimaging, on the other hand, offers notable advantages for
diagnosing MCI, particularly in terms of temporal and spatial
resolution as well as anatomical precision. In recent years, common
neuroimaging modalities have included functional magnetic
resonance imaging (fMRI), positron emission tomography (9),
(MEG),
spectroscopy (fNIRS), and electroencephalography (EEG). Among

magnetoencephalography functional  near-infrared
these techniques, fMRI remains the most extensively utilized
diagnostic tool. However, its feasibility for early screening is hindered
by high costs, time-intensive procedures, and the unavailability of
necessary equipment in many grassroots institutions. fNIRS, a more
recent non-invasive brain imaging technology, provides real-time
insights into brain oxygenation and metabolism by leveraging the
absorption and scattering properties of near-infrared light
(600-900 nm) in biological tissues. This approach enables the
functional state of the brain to be reflected and is particularly
advantageous for populations unable to undergo fMRI (10).
Compared to fMRI, fNIRS delivers superior temporal resolution,
allowing for real-time monitoring and recording of cerebral blood
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flow and hemoglobin variations. Additionally, it objectively visualizes
the spatiotemporal characteristics of neural activity through the
neurovascular coupling mechanism (11-13).

It has been identified by some scholars that verbal fluency
functions as an effective predictor of cognitive decline (14). When
compared to other cognitive domains, such as memory, verbal fluency
has been deemed more reliable for the early detection of cognitive
decline (15). A number of studies have demonstrated that verbal
fluency task (VFT) are sensitive measures of cognitive dysfunction in
MCI (16, 17). The VFT typically include two types of tasks:
phonological fluency and semantic fluency (18). The phonological
fluency task involves executive function, working memory, and
phonological processing skills, which are closely related to left
prefrontal function, usually by speaking words that begin with a
specific letter or contain a specific Chinese character within a specified
period of time (19, 20). The semantic fluency task is to speech words
that belong to a certain semantic category, such as fruits, vegetables,
animals, etc., within a specified amount of time (21). This process is
related to semantic memory, vocabulary retrieval, and classification
ability, which requires proper functioning of Wernicke’s region in the
temporal lobe and left parietal lobe (22, 23). Both verbal fluency and
semantic fluency have demonstrated efficacy in distinguishing healthy
individuals from those with MCI and Alzheimer’s disease (AD) (24).
Performance in verbal fluency tasks has been consistently observed to
be poorer among MCI and AD patients compared to healthy
individuals (25). Most researches have found that regions of the
temporal lobe and parietal lobe are often affected in the early stage of
MCI, typically manifested as declines in semantic memory and
vocabulary retrieval ability. Therefore the semantic fluency task is
more sensitive to the early cognitive decline of MCI patients (23, 26).
Working memory, regarded as a cornerstone of higher-order cognitive
functions, is frequently employed as a paradigm for investigating
cognitive processes (27). Certain studies have proposed that prefrontal
working memory-related networks could serve as sensitive markers
for the early screening of dementia (28). In the n-back task, a series of
stimulate are presented and participants decide if the current
stimulate is the same as the item presented n positions back, including
0-back, 1-back, 2-back, 3-back. With a higher n value, the heavier the
cognitive load (29). Some studies have found that there is a certain
correlation between the accuracy and response time of n-back and
age, from 0-back to 1-back, there is no increase in age-related
differences, but in 2-back or 3-back, an additional cost was accrued
in both accuracy and response time (30). The 1-back has a low
cognitive load and is suitable for the ability range of patients with
MCI, which can effectively detect impairment of working memory in
patients with MCI, while avoiding obscuring the true ability due to
difficult tasks (31,
Cognitive Assessment (MoCA) cognitive subscores from 15 MCI

32). Furthermore, the analysis of Montreal

patients in the early stages of our research revealed that the primary
cognitive impairments were in visuospatial and executive abilities,
language, and delayed memory. Minimal point losses were observed
in naming and orientation (Figure 1). These findings suggest that the
VFT and n-back paradigms may be more appropriate for screening

frontiersin.org


https://doi.org/10.3389/fneur.2025.1571964
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Duan et al. 10.3389/fneur.2025.1571964
(a) (b) (c) (d)
£ I f I
vy L B - ¢ 1- .
1| J: }. 15
! — : l : ;
() ()
i i I
. s L 2
i o BN | ! I |
: 5 I I LA 1
ad -r-d&(\mu-m‘m- """ strats of MeCA verbal task sosres strata of MoCA recall sk scores
FIGURE 1

Proportion of participants with cognitive domain dysfunction of MoCA-assessed cognitive subscore cognitive domains included (a) naming, (b)
calculation, (c) orientation, (d) attention, (e) visuoconstructional, (f) verbal, and (g) recall.

individuals with early-stage MCI. However, whether the VFT or the
1-back task can earlier identify MCI has not yet been investigated in
related studies.

In this study, cerebral activation patterns in the cortical regions
were investigated by assessing 103 patients with MCI and 108 healthy
individuals using the VFT and 1-back task with fNIRS. The correlation
between brain activation channels, regions of interest (ROIs), and
cognitive function in MCI patients was also analyzed. Demographic
and clinical characteristics of 103 participants in Table 1.

2 Materials and methods

2.1 Ethics statement

The studies that involved human participants were reviewed and
received approval from the Human Ethics Committee of the Hospital.
Written informed consent to participate in this investigation was
procured from all participants.

2.2 Participants

A sum of 211 older adults aged 60 years and above were enrolled
in this study from community populations. The inclusion criteria
included the following: (a) the absence of severe hearing, speech, or
comprehension impairments, ensuring participants could successfully
complete various cognitive assessments and fNIRS tests; (b) no severe
or poorly managed underlying medical conditions, particularly
cardiovascular diseases; (c) no documented history of psychiatric
illness or the use of psychotropic medications; (d) no record of
substance addiction, such as to drugs or alcohol; (e) right-handedness.
Informed consent forms were signed by all participants, who were
provided with a gift at the conclusion of the experiment. This study
was conducted at XX Hospital, with the screening process performed
by cognitive rehabilitation physicians at these institutions. The MCI
label was given to participants based on NIA-AA and Petersen’s
criteria (33, 34). We integrate cognitive function assessments to
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diagnose MCI Additionally. Cognitive function was primarily
evaluated using the MoCA scale (35).

Due to the influence of education level on MoCA scores, the cutoff
values for MoCA have been adjusted according to the characteristics
of the Chinese population and years of education to ensure the
accuracy of the assessment and to avoid misclassifying individuals
with high education levels and normal cognitive function as having
MCI (36, 37). In this investigation, participants were categorized into
the mild cognitive impairment group (experimental group, EG) or the
cognitively healthy group (control group, CG) according to the
following standards: Individuals were allocated to the MCI group if
their education duration was fewer than 7 years with a MoCA score
of 21 or below, if their education spanned 7-12 years and their MoCA
score was 23 or below, or if their education exceeded 12 years and
their MoCA score was below 26. Conversely, in the absence of a
clinical diagnosis of MCI or any cognitive impairment, those with
fewer than 7 years of education and a MoCA score above 21, those
with 7-12 years of education and a MoCA score above 23, or those
with more than 12 years of education and a MoCA score of 26 or
above were assigned to the cognitively healthy group.

The experimental procedures adhered to the most recent guidelines
outlined in the Declaration of Helsinki. Ethical approval for the research
was procured from the local Institutional Review Board, and the study
was registered in the Chinese Clinical Trials Registry (no.
ChiCTR2300071569). To ensure the study had adequate statistical
power, a priori power analysis was conducted using G*Power software.
With a significance level (a) of 0.025, statistical power of 0.95, and an
expected medium-to-large effect size (Cohen’s d = 0.8), the analysis
indicated that a total of 98 participants (49 per group) would be sufficient.
The actual power achieved with this sample size was 0.952, confirming
the adequacy of the sample for detecting the expected effect (38).

Functional near-infrared spectroscopy data were processed using
the Homer2 software suite (39), following the analytical framework
and parameters outlined by Channels exhibiting excessive light
intensity saturation were excluded from the dataset (40). To identify
these suboptimal channels, we applied the relative coefficient of
variation (CV, expressed as a percentage) as a metric (41). Participants
with channels showing a CV channel exceeding 15% were excluded
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TABLE 1 Demographic and clinical characteristics of participants.

Participants

h teristi
characteristics Mean (SD)

10.3389/fneur.2025.1571964

Test statistics
Mean (SD)

Sex (male/female) 40/63 47/61 7/(1) =0.477, p = 0.490
Age (years) 103 73.48 £5.978 108 72.46 £ 6.579 t=1.169, p = 0.244
Education 103 12.88 +3.024 108 13.75 £ 3.451 t=-1.936,p=0.054
MoCA 103 21.84 £2.186 108 26.49 £+ 1.580 t=—17.755, P<0.001
Words (VTF) 103 18.67 £ 5.04 108 21.30 £4.50 t=—3.876, P<0.001
Accuracy (1-back) 103 0.62+0.22 108 0.74 £0.21 t =—4.033, P<0.001
Reaction Time(1-back,ms) 103 811.51 +188.73 108 786.66 + 192.04 t=0.934, p =0.352
SCL-90 103 110.17 +£20.974 108 112.54 + 24.885 t=0.747, p = 0.456
PSQI 103 7.54+4.313 108 7.54 +4.329 t=0.011, p =0.991

from further analysis. For those with CV channel values below 15%,
the channels identified as poor quality were treated as missing data
during statistical analyses.

2.3 Devices

The fNIRS data acquisition was conducted utilizing a BS-7000
system (Wuhan Znion Technology Co., Ltd., Wuhan, China),
equipped with dual-wavelength laser diodes (690 and 830 nm) and
operating at a 100 Hz sampling rate. This apparatus comprised 16
sources and 16 detectors, with each channel established by a source-
detector pair positioned at an inter-optode distance of 3 cm, resulting
in 67 channels in total. In accordance with the international 10-20
EEG placement system, the optode S2 was aligned with the Fpz point.
Post-transformation of channel coordinates using NIRS-SPM25
facilitated their mapping onto the cortical surface, where they were
categorized into 7 ROI based on Brodmanns areas. This arrangement
ensured the symmetrical distribution of channels across both
hemispheres, as illustrated in Table 2 and Figure 2.

The evaluation relied on variations in the concentration of
oxygenated hemoglobin (HbO) within the relevant cortical areas
during the VFT and 1-back tasks. In accordance with the Beer—
Lambert law, the optical signals detected by the photodetector were
transformed into HbO concentration signals, and the mean value was
determined following the completion of the tasks repeated three times.

2.4 Experimental procedure

This investigation incorporated two tasks, namely the VFT and
1-back task, carried out at the XX Hospital. Prior to initiating the
experiment, the staff provided a detailed explanation of the
experimental procedures to the participants, beginning with the
MoCA evaluation. Based on the resulting scores, participants were
categorized into the experimental and control groups. Subsequently,
the fNIRS data were acquired. The VFT task was introduced by the
staff, who also fitted the participants with a fiber optic cap and
performed signal calibration. Initially, a 10-s pre-scanning phase was
conducted, during which participants were instructed to count along
with a voice broadcast. Following the collection of a 20-s baseline,
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TABLE 2 Correspondence between 67 channels and Brodmann area.

Area Brodmann Channel number

number  area

1 DLPFC [4,17, 30, 42, 51, 52, 57, 43, 61, 53, 54,
44,33,21,9, 41, 45]

2 Temporal [1,2,11, 12, 13, 14, 24, 25]

3 PreM and SMC [15, 40, 50, 62, 67, 55, 46, 23, 27, 36]

4 Broca [28, 35, 3, 16, 29, 34, 22, 10]

5 SSC [39, 26, 49, 56, 37, 47, 38, 48]

6 FPA [5,6,18, 31, 19, 32, 20, 7, 8]

7 FEF [58, 63, 64, 59, 65, 66, 60]

DLPEFC, dorsolateral prefrontal cortex; TC, temporal area; PreM and SMC, premotor and
supplementary motor cortex; DHPC, dorsoventral hippocampus; SSC, somatosensory
cortex; FPA, frontal pole area; FEF, frontal eye fields.

participants engaged in a 60-s word-generation task. This task
comprised three items, with each involving a new word category (e.g.,
fruits, furniture, colors, and vegetables) every 20 s. A subsequent 60-s
relaxation phase followed, consisting of 50 s of voice-guided counting
to serve as the baseline phase for neurological and blood flow activity
recovery and a concluding 10-s end phase. The entire procedure
spanned 150 s, as illustrated in Figure 3.

Subsequently, the 1-back task was administered. During this task,
a 2-s prompt was initially displayed, followed by a number shown for
500 ms. After each number presentation, a fixation cross appeared for
1,500 ms. The number was presented 15 times, and participants were
required to determine whether each stimulus matched the number
displayed immediately prior. The task was repeated three consecutive
times, after which a 30-s relaxation phase was conducted. Upon
completion of the fNIRS data collection, the Symptom Checklist-90
(SCL-90) was employed to evaluate patients’ mental and psychological
states, while the Pittsburgh Sleep Quality Index (PSQI) was utilized to
assess sleep quality, as illustrated in Figure 4.

2.5 Data preprocessing

Data analyses were performed using MATLAB R2014b,
integrating the Homer2 toolbox for preprocessing, which comprised
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FIGURE 2
Distribution of channels.

Count 1,2,3... VIT task Count 1,2,3...
Ere-tak - Post-task
30s 60s 60s
!
Block1 Block2 Block3
20s 20s 20s

FIGURE 3
The verbal fluency task design.

the following steps: (1) transformation of raw light intensity into
optical density; (2) identification and correction of motion artifacts
through a sliding time window (Sdthresh =20, AMPthresh =5,
tMotion = 0.5 s, tMask = 3 s); (3) implementation of bandpass filters
for functional connectivity analysis (0.01-0.1 Hz) to mitigate artifacts
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such as baseline drift and heartbeat interference (42); (4) computation
of changes in HbO, deoxygenated, and total hemoglobin
concentrations based on the modified Beer-Lambert law (43); (5) to
enhance the reliability of the results, employed block averaging to
reduce noise and improve signal detection. For the 1-back task,
we averaged the data from each block using a time window from —10
to 50 s relative to the block onset. In contrast, the VFT includes only
a single block. For this task, we used a longer averaging interval from
—10 to 115 s to capture the full extent of the neural response.

An individual-level analysis was performed using the general
linear model (GLM) to identify task-related neural activity. The GLM
estimates were derived by calculating the weight coeflicients (3 value)
for each task variable, incorporating user-defined contrast vectors to
focus on specific conditions of interest (44). This process allowed us
to determine the average amplitude of the neural response for group-
level analysis. For visualization, we used the BrainNet toolbox to
create three-dimensional representations on a standard brain surface.
The integrated statistical values and Montreal Neurological Institute
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FIGURE 4
The 1-back task design.

(MNI) coordinates for each channel were computed, with the brain
surface colors reflecting the t-statistic values from the group-
level t-test.

2.6 Statistical analysis

Statistical analysis of the data in this study was executed utilizing
SPSS 25.0 software. Initially, all data were examined for normality.
Differences in sex were evaluated via the chi-square test, while
independent-sample t-tests were applied to compare other
demographic and cognitive variables, including MoCA scores, age,
and education level. A significance threshold (@) of 0.05 was
established for all statistical tests. Results were deemed statistically
significant if the p-value was < 0.05 and highly significant if the
p-value was < 0.01. Count data were summarized using frequencies,
percentages, or component ratios. Measurement data were denoted
as mean * standard deviation or as the median. For data adhering to
a normal distribution, one-way ANOVA was employed, whereas the
rank sum test was utilized for non-normally distributed data, and the
chi-square test was applied for count data. Pearson’s correlation
coefficients were calculated to evaluate the link between the clinical
screening tool and hemodynamic signals.

3 Results

3.1 Comparison of channel hemodynamic
responses

The t-map and correlation map are extensively utilized as
image markers in the domain of fNIRS. Figure 5 presents the
group-averaged t-maps derived from 67 channels for MCI patients
and HC during two tasks, namely the 1-back task and the
VEFT. This analysis aims to examine the activated channels in MCI
patients compared to HC. The figures illustrate the average HbO
levels for each group.

The results indicated a notable increase in HbO signals in four
channels during the 1-back task, whereas no significant increase was
detected in any channels during the VFT.
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3.2 Comparison of ROl hemodynamic
responses

The findings revealed a notable increase in HbO signals within the
DLPFC and FEF during the 1-back task, whereas no significant
activation was detected in any ROI during the VFT. Figure 6 illustrates
the locations of ROIs exhibiting significant activation during the
1-back task. Figure 7 depicts the averaged HbO signals recorded in
these activated channels across participant groups, providing an
overall representation of the signals for the ROIs during the 1-back
task and VFT. Table 3 presents the statistically significant between-
group differences in GLM f values across Ch33, Ch47, Ch49, Ch54,
as well as in the DLPFC and FEF during the 1-back task.

3.3 Correlation analysis of channels, ROls
and MoCA

Simple linear regression was utilized to examine potential
correlations between fNIRS parameters (beta value), specifically Ch33,
Ch47, Ch49, Ch54, DLPFC, and FEF, and behavioral data (MoCA
scores). Notably, a moderate positive correlation (R>0.5) was
identified between one of the fNIRS parameters and the MoCA score
in MCI patients, whereas no such correlation was observed in HC, as
depicted in Figure 8.

4 Discussion

This study sought to investigate alterations in brain activation
patterns during the VFT and 1-back task in individuals with MCI and
healthy controls, along with the relationships between brain activation
channels, ROI, and cognitive function in MCI patients. Furthermore,
the research seeks to determine a more appropriate fNIRS
experimental paradigm for individuals with MCI. Hemodynamic
properties were examined in both healthy participants and those with
MCI. {NIRS signals were recorded from the brain during the VFT and
1-back task to detect differences in activated regions between healthy
controls and individuals with MCI. The findings revealed that fNIRS-
related indicators, specifically HbO levels in Ch-33 and Ch-49, as well
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Activation maps of HbO signal increase during 1-back task and VFT. Among them, Ch33, Ch47, Ch49, Ch54 was found activated during the 1-back task
and no channels were found activated in any of the VFT task. (a) 1-back task. (b) VFT.
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as in the dorsolateral prefrontal cortex (DLPFC) and frontal eye fields
(FEF), during the 1-back task exhibited a significant positive
correlation with MoCA scores.

Mild cognitive impairment-related atrophy has been associated
with changes in both the anatomical structures and functional
organization of the dorsolateral prefrontal cortex (45) and frontal eye
fields, which influence the metabolic activity of cortical neurons in
these regions (46, 47). Such alterations can be identified using brain
imaging techniques (10, 48). Recent fNIRS studies have aimed to
detect specific brain signals linked to MCI, revealing hemodynamic
changes in the cerebral cortex of affected individuals. Prior research
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has consistently demonstrated markedly reduced activation in the left
frontal, right superior frontal, and left temporal lobes in MCI patients
during cognitive tasks (45, 49). Similarly, in the present study, lower
activation was observed in the bilateral prefrontal, parietal, and
occipital cortices in MCI patients compared to healthy controls (10,
23, 50). These findings indicate that variations in blood flow response
patterns between healthy aging and pathological aging can be explored
through fNIRS, aligning with earlier research (49, 50). These
differences may stem from neurodegenerative processes that inhibit
neural activities in the left dorsolateral prefrontal cortex, left anterior
motor area, supplementary motor area, and frontal eye fields, resulting
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The overall oxy- and deoxy-Hb signals in ROls. (a) 1-back task. (b) VFT.
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TABLE 3 Significant results of between-group differences in GLM-p values for the 1-back task.

Channel/ROI HC (M + SD) MCI (M + SD) p-value HC vs. MCI
Ch-33 0.05 + 0.04 0.03 £0.03 p=0.002 p=0.026 3.30 HC > MCI
Ch-47 0.05 + 0.04 0.03 +0.04 p=0.003 p=0.045 3.04 HC > MCI
Ch-49 0.06 % 0.04 0.03 £0.04 P <0.001 p=0.023 3.59 HC > MCI
Ch-54 0.05 £ 0.04 0.03 £0.04 P <0.001 P=0.023 3.45 HC > MCI
DLPFC 0.04 £ 0.04 0.03 +0.03 p=0.010 p=0.032 2.63 HC > MCI
FEF 0.04 £ 0.03 0.03 £0.03 p=0.008 P=0.032 272 HC > MCI

in insufficient neural resource recruitment for cognitive tasks in
individuals with MCI (49). Specifically, the decline of gray matter in
the cerebral cortex, which is evident in MCI patients, may contribute
to a relative reduction in HbO levels in the cerebral cortex during VFT
and working memory tasks compared to healthy controls (51).

The n-back task is widely regarded as one of the most frequently
employed working memory (WM) paradigms in cognitive
neuroscience. The 1-back task encompasses a variety of cognitive
processes, including lower-order perceptual and motor functions such
as visuospatial attention and response selection, alongside higher-
order control mechanisms like resistance to proactive interference and
the updating and monitoring of working memory. Verbal fluency
tasks are extensively utilized in both clinical and research settings to
assess lexical access speed and executive functions, particularly those
related to updating, inhibition, and mental flexibility (52). These
findings highlight the well-established link between verbal fluency and
MCI (53, 54). In earlier stages of research, numerous studies applied
the n-back and VFT tasks for MCI screening (25, 29). In this study, it
was notably observed that mHbO levels in the dorsolateral prefrontal
cortex and frontal eye fields were markedly reduced during the 1-back
task. While a downward trend in HbO was apparent in certain ROIs
during the VFT, no statistically significant differences were detected
between HC and MCI patients. During the 1-back task, the MCI
group exhibited statistically significant changes in GLM metrics across
multiple channels, suggesting that this task may possess higher
sensitivity in fNIRS studies for reflecting alterations in cognitive
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status. Compared to the VFT task, the 1-back task demonstrated more
pronounced between-group differences, indicating its potential
suitability as a paradigm for fNIRS research to investigate neural
activity patterns associated with MCI. This discrepancy may arise
from the fact that cognitive decline in MCI patients is not solely
reflected in speech and executive function but is likely indicative of
multidimensional impairments in memory, attention, reflexes,
calculations, and visuoconstruction (55). The DLPFC, a core brain
region for working memory (56), and the FEF which are critically
involved in visual attention and task switching (57), collectively
suggest that individuals with MCI demonstrate early-stage declines in
both working memory performance and attentional control
capabilities. The VFT predominantly engages Brocas area (58) and the
semantic memory network (59), regions that are typically less affected
in the early stages of MCI. Consequently, the 1-back task, which places
greater demands on working memory and attentional control,
demonstrates higher sensitivity in detecting early cognitive
impairments in MCI patients. Compared to other neuroimaging
modalities such as fMRI and PET, fNIRS demonstrates distinct
advantages, including lower procurement and maintenance costs,
reduced detection times, and the capacity for rapid data acquisition
and analysis. These features render fNIRS particularly advantageous
for the early screening of MCI in primary care and community
hospital settings. By employing the 1-back task, NIRS can effectively
identify alterations in brain activity associated with working memory
and attentional control in MCI patients, enabling the early detection
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of high-risk individuals. This approach is highly suitable for large-
scale implementation, offering a cost-effective and efficient solution
for MCI screening.

Interestingly, we observed significantly diminished activation
levels in Ch-47 and Ch-49 during 1-back task performance in MCI
patients. Both channels are localized within the somatosensory cortex
(SSC) based on standardized brain atlas registration. However, ROI
analysis revealed no statistically significant reduction in overall SSC
activation. Early studies conventionally suggested that primary
sensory functions might be preserved in AD (60). However, emerging
evidence indicates that somatosensory dysfunction is prevalent among
AD patients, with these deficits often masked by more prominent
cognitive impairments (61). Our findings suggest that somatosensory
dysfunction may represent an early marker in MCI. The observed
pattern implies that the 1-back task may lack sufficient sensitivity for
detecting early SSC alterations. For future research, particular
emphasis should be placed on investigating the impact of SSC on
cognitive functions, while concurrently developing more sensitive
assessment tools for evaluating somatosensory dysfunction.

Prior research has demonstrated that sleep disorders and mental
states can influence cognitive function (62, 63). Consequently, this study
also evaluated sleep quality and emotional state in MCI patients and
healthy older adults, revealing no significant differences between the
two groups. It was observed that more severe insomnia symptoms were
linked to poorer performance in global cognition as well as immediate
and delayed logical memory recall, particularly when combined with
short sleep duration (64). This phenomenon may stem from significant
alterations in synaptic structure and signaling pathways associated with
sleep disorders, including the weakening of AMPA receptor function
through dephosphorylation. Homer 1a, a crucial factor in sleep-wake
regulation, contributes to reduced excitatory synaptic function during
sleep, thereby facilitating synaptic remodeling and memory
consolidation (65). Mental status is similarly closely associated with
cognitive impairment. Neuropsychiatric symptoms have been identified
as strongly correlated with cognitive deficits, especially during the early
stages of AD. Common symptoms include depression, anxiety, and
apathy, while delusions and irritability are considered independent risk
factors for cognitive decline. Some studies have indicated that
neuropsychiatric symptoms are predominantly linked to impairments
in executive control and reductions in gray matter volume in the
orbitofrontal and posterior cingulate cortices (66). Although significant
differences were not identified between the two groups, sleep
disturbances and psychological sub-health were evident in both. Thus,
when employing fNIRS for the early diagnosis of MCI, sleep quality and
mental state should remain areas of focus.

In this study, fNIRS was employed to capture cortical
hemodynamic responses in MCI patients during the VFT and the
1-back task. The findings indicate that the I-back task may
demonstrate superior sensitivity in detecting early cognitive
alterations in MCI within the context of fNIRS-based research.
Nevertheless, this study is subject to several limitations. First, the
analysis was predominantly confined to task-evoked data and cortical
activation profiles, without investigating alterations in functional
connectivity networks. Future investigations should delve into
network-level connectivity changes to achieve a more holistic
understanding. Second, although the combined analysis of oxygenated
HbO and deoxygenated hemoglobin (HbR) can provide a more
comprehensive depiction of neurovascular coupling, this study did not
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incorporate HbR data. Subsequent research should encompass a dual
analysis of both HbO and HbR to enhance the robustness of the
findings. Lastly, we intend to undertake longitudinal follow-up studies
to further assess the clinical applicability of the 1-back task in the early
detection and progression monitoring of MCL

5 Conclusion

This study sought to assess fNIRS-derived signals as a potential
biomarker for MCI. To this end, hemodynamic properties were
examined in both healthy participants and individuals diagnosed with
MCI. {NIRS signals were recorded from the brain during the VFT and
1-back task to identify differences in activated regions between healthy
controls and individuals with MCI. Notably, during 1-back tasks, MCI
patients exhibited reduced brain activity levels in the dorsolateral
prefrontal cortex and frontal eye fields. This task-induced decrease in
brain activity was found to be markedly positively correlated with
MoCA scores and demonstrated minimal influence from mental state
and sleep quality. Compared to the VFT, the 1-back task appears to
be a more effective paradigm for the early detection of MCIL.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee
of Hubei Provincial Hospital of Integrated Traditional Chinese and
Ethics
Rehabilitation Hospital. The studies were conducted in accordance

Western Medicine; Committee of Hubei Provincial
with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in

this study.

Author contributions

CD: Conceptualization, Writing — original draft, Writing - review &
editing. YC: Methodology, Writing - review & editing. JG: Investigation,
Validation, Writing — review & editing. QW: Investigation, Validation,
Writing - review & editing. JS: Writing - review & editing. CZ:
Investigation, Validation, Writing — original draft. ZL: Investigation,
Validation, Writing — original draft. LX: Writing — review & editing. ZC:
Validation,
Conceptualization, Methodology, Writing — review & editing. WX:

Investigation, Writing review & editing. PZ:

Project administration, Supervision, Writing — original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by Science and Technology Project of Hubei Science and Technology

frontiersin.org


https://doi.org/10.3389/fneur.2025.1571964
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Duan et al.

Department (2023BEB005), Hospital-Level Research Project of Hubei
Provincial Hospital of Integrated Traditional Chinese and Western
Medicine (H2023Q003), Guiding Program of Natural Science
Foundation of Hubei Province (2025AFC125) and Science and
Technology Special Project of the State Administration of Traditional
Chinese Medicine (GZY-KJS-2025-001).

Acknowledgments

We thank Bullet Edits Limited for the linguistic editing and
proofreading of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. World Health Organization (2021). E. coli. Available online at: https://www.who.
int/publications/i/item/9789240033245 (accessed February 5, 2025)

2. Breton A, Casey D, Arnaoutoglou NA. Cognitive tests for the detection of mild
cognitive impairment (MCI), the prodromal stage of dementia: Meta-analysis of
diagnostic accuracy studies. Int ] Geriatr Psychiatry. (2019) 34:233-42. doi:
10.1002/gps.5016

3.Jia L, Du Y, Chu L, Zhang Z, Li E Lyu D, et al. Prevalence, risk factors, and
management of dementia and mild cognitive impairment in adults aged 60 years or
older in China: a cross-sectional study. Lancet Public Health. (2020) 5:e661-71. doi:
10.1016/S2468-2667(20)30185-7

4. Chen P, Cai H, Bai W, Su Z, Tang Y-L, Ungvari GS, et al. Global prevalence of mild
cognitive impairment among older adults living in nursing homes: a meta-analysis and
systematic review of epidemiological surveys. Transl Psychiatry. (2023) 13:88. doi:
10.1038/541398-023-02361-1

5. Sanz-Blasco R, Ruiz-Sanchez de Leén JM, Avila-Villanueva M, Valenti-Soler M,
Gomez-Ramirez J, Fernandez-Blazquez MA. Transition from mild cognitive impairment
to normal cognition: determining the predictors of reversion with multi-state Markov
models. Alzheimers Dement. (2022) 18:1177-85. doi: 10.1002/alz.12448

6. Langa KM, Levine DA. The diagnosis and management of mild cognitive
impairment: a clinical review. JAMA. (2014) 312:2551-61. doi: 10.1001/jama.2014.13806

7. Ashton NJ, Puig-Pijoan A, Mila-Aloma M, Fernéndez-Lebrero A, Garcia-Escobar
G, Gonzélez-Ortiz F, et al. Plasma and CSF biomarkers in a memory clinic: head-to-head
comparison of phosphorylated tau immunoassays. Alzheimers Dement. (2023)
19:1913-24. doi: 10.1002/alz.12841

8. Grasset L, Planche V, Bouteloup V, Azouani C, Dubois B, Blanc F, et al. Physical
activity, biomarkers of brain pathologies and dementia risk: results from the memento
clinical cohort. Alzheimers Dement. (2023) 19:5700-18. doi: 10.1002/alz.13360

9. Aasted CM, Yiicel MA, Cooper RJ, Dubb J, Tsuzuki D, Becerra L, et al. Anatomical
guidance for functional near-infrared spectroscopy: AtlasViewer tutorial.
Neurophotonics. (2015) 2:020801. doi: 10.1117/1.NPh.2.2.020801

10. Yeung MK, Chan AS. Functional near-infrared spectroscopy reveals decreased
resting oxygenation levels and task-related oxygenation changes in mild cognitive
impairment and dementia: a systematic review. J Psychiatr Res. (2020) 124:58-76. doi:
10.1016/jpsychires.2020.02.017

11. Pinti P, Tachtsidis I, Hamilton A, Hirsch J, Aichelburg C, Gilbert S, et al. The
present and future use of functional near-infrared spectroscopy (fNIRS) for cognitive
neuroscience. Ann N Y Acad Sci. (2020) 1464:5-29. doi: 10.1111/nyas.13948

12. Mukli P, Pinto CB, Owens CD, Csipo T, Lipecz A, Szarvas Z, et al. Impaired
neurovascular coupling and increased functional connectivity in the frontal cortex
predict age-related cognitive dysfunction. Adv Sci. (2024) 11:3516. doi:
10.1002/advs.202303516

13. Csipo T, Mukli P, Lipecz A, Tarantini S, Bahadli D, Abdulhussein O, et al.
Assessment of age-related decline of neurovascular coupling responses by functional
near-infrared spectroscopy (fNIRS) in humans. Geroscience. (2019) 41:495-509. doi:
10.1007/s11357-019-00122-x

Frontiers in Neurology

12

10.3389/fneur.2025.1571964

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1571964/
full#supplementary-material

14. Ayers MR, Bushnell ], Gao S, Unverzagt F, Gaizo JD, Wadley VG, et al. Verbal
fluency response times predict incident cognitive impairment. Alzheimers Dementia.
(2022) 14:€12277. doi: 10.1002/dad2.12277

15. Boyle R, Knight SP, De Looze C, Carey D, Scarlett S, Stern Y, et al. Verbal intelligence
is a more robust cross-sectional measure of cognitive reserve than level of education in
healthy older adults. Alzheimers Res Ther. (2021) 13:128. doi: 10.1186/s13195-021-00870-z

16. Chasles MJ, Tremblay A, Escudier F, Lajeunesse A, Benoit S, Langlois R, et al. An
examination of semantic impairment in amnestic MCI and AD: what can we learn from
verbal fluency? Arch Clin Neuropsychol. (2019) 35:22-30. doi: 10.1093/arclin/acz018

17.Jack CR, Knopman DS, Jagust W], Shaw LM, Aisen PS, Weiner MW, et al.
Hypothetical model of dynamic biomarkers of the Alzheimer's pathological cascade.
Lancet Neurol. (2010) 9:119-28. doi: 10.1016/S1474-4422(09)70299-6

18. Benton AL. Differential behavioral effects in frontal lobe disease. Neuropsychologia.
(1968) 6:53-60. doi: 10.1016/0028-3932(68)90038-9

19. Wang Z, Niu C, Duan Y, Yang H, Mi ], Liu C, et al. Research on the application of
functional near-infrared spectroscopy in differentiating subjective cognitive decline and
mild cognitive impairment. Front Aging Neurosci. (2024) 16:1469620. doi: 10.3389/fnagi.
2024.1469620

20. Cipolotti L, Xu T, Harry B, Mole ], Lakey G, Shallice T, et al. Multi-model mapping
of phonemic fluency. Brain Commun. (2021) 3:fcab232. doi: 10.1093/braincomms/fcab232

21. Tombaugh TN, Kozak J, Rees L. Normative data stratified by age and education
for two measures of verbal fluency: FAS and animal naming. Arch Clin Neuropsychol.
(1999) 14:167-77. doi: 10.1093/arclin/14.2.167

22. Clark DG, Wadley VG, Kapur P, DeRamus TP, Singletary B, Nicholas AP, et al.
Lexical factors and cerebral regions influencing verbal fluency performance in MCI.
Neuropsychologia. (2014) 54:98-111. doi: 10.1016/j.neuropsychologia.2013.12.010

23. Tian Y, Li D, Wang D, Zhu T, Xia M, Jiang W. Decreased hemodynamic responses
in left parietal lobule and left inferior parietal lobule in older adults with mild cognitive
impairment: a near-infrared spectroscopy study. J Alzheimers Dis. (2022) 90:1163-75.
doi: 10.3233/JAD-220691

24. Olmos-Villasenor R, Sepulveda-Silva C, Julio-Ramos T, Fuentes-Lopez E, Toloza-
Ramirez D, Santibafiez RA, et al. Phonological and semantic fluency in Alzheimer's
disease: a systematic review and Meta-analysis. ] Alzheimers Dis. (2023) 95:1-12. doi:
10.3233/JAD-221272

25. McDonnell M, Dill L, Panos S, Amano S, Brown W, Giurgius S, et al. Verbal
fluency as a screening tool for mild cognitive impairment. Int Psychogeriatr. (2020)
32:1055-62. doi: 10.1017/S1041610219000644

26. Katzorke A, Zeller JBM, Miiller LD, Lauer M, Polak T, Deckert J, et al. Decreased
hemodynamic response in inferior frontotemporal regions in elderly with mild cognitive
impairment. Psychiatry Res Neuroimaging. (2018) 274:11-8. doi: 10.1016/j.pscychresns.
2018.02.003

27.Yeung MK, Han YMY. Changes in task performance and frontal cortex activation
within and over sessions during the n-back task. Sci Rep. (2023) 13:3363. doi:
10.1038/s41598-023-30552-9

frontiersin.org


https://doi.org/10.3389/fneur.2025.1571964
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1571964/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1571964/full#supplementary-material
https://www.who.int/publications/i/item/9789240033245
https://www.who.int/publications/i/item/9789240033245
https://doi.org/10.1002/gps.5016
https://doi.org/10.1016/S2468-2667(20)30185-7
https://doi.org/10.1038/s41398-023-02361-1
https://doi.org/10.1002/alz.12448
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1002/alz.12841
https://doi.org/10.1002/alz.13360
https://doi.org/10.1117/1.NPh.2.2.020801
https://doi.org/10.1016/j.jpsychires.2020.02.017
https://doi.org/10.1111/nyas.13948
https://doi.org/10.1002/advs.202303516
https://doi.org/10.1007/s11357-019-00122-x
https://doi.org/10.1002/dad2.12277
https://doi.org/10.1186/s13195-021-00870-z
https://doi.org/10.1093/arclin/acz018
https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1016/0028-3932(68)90038-9
https://doi.org/10.3389/fnagi.2024.1469620
https://doi.org/10.3389/fnagi.2024.1469620
https://doi.org/10.1093/braincomms/fcab232
https://doi.org/10.1093/arclin/14.2.167
https://doi.org/10.1016/j.neuropsychologia.2013.12.010
https://doi.org/10.3233/JAD-220691
https://doi.org/10.3233/JAD-221272
https://doi.org/10.1017/S1041610219000644
https://doi.org/10.1016/j.pscychresns.2018.02.003
https://doi.org/10.1016/j.pscychresns.2018.02.003
https://doi.org/10.1038/s41598-023-30552-9

Duan et al.

28.Kim E, Yu J-W, Kim B, Lim S-H, Lee S-H, Kim K, et al. Refined prefrontal working
memory network as a neuromarker for Alzheimer's disease. Biomed Opt Express. (2021)
12:7199-222. doi: 10.1364/BOE.438926

29. Meidenbauer KL, Choe KW, Cardenas-Iniguez C, Huppert T], Berman MG. Load-
dependent relationships between frontal fNIRS activity and performance: a data-driven
PLS approach. NeuroImage. (2021) 230:117795. doi: 10.1016/j.neuroimage.2021.117795

30. Bopp KL, Verhaeghen P. Aging and n-Back performance: a meta-analysis. |
Gerontol B Psychol Sci Soc Sci. (2020) 75:229-40. doi: 10.1093/geronb/gby024

31.Jaeggi SM, Buschkuehl M, Perrig W], Meier B. The concurrent validity of the
N-back task as a working memory measure. Memory. (2010) 18:394-412. doi:
10.1080/09658211003702171

32. Belleville S, Chertkow H, Gauthier S. Working memory and control of attention
in persons with Alzheimer's disease and mild cognitive impairment. Neuropsychology.
(2007) 21:458-69. doi: 10.1037/0894-4105.21.4.458

33. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, et al. The
diagnosis of mild cognitive impairment due to Alzheimer’s disease: recommendations
from the National Institute on Aging-Alzheimer’s association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimers Dement. (2011) 7:270-9. doi:
10.1016/j.jalz.2011.03.008

34. Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. Mild
cognitive impairment: a concept in evolution. J Intern Med. (2014) 275:214-28. doi:
10.1111/joim.12190

35. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I,
et al. The Montreal cognitive assessment, MoCA: a brief screening tool for mild cognitive
impairment. ] Am Geriatr Soc. (2005) 53:695-9. doi: 10.1111/j.1532-5415.2005.53221.x

36.LuJ, Li D, Li E Zhou A, Wang F, Zuo X, et al. Montreal cognitive assessment in
detecting cognitive impairment in Chinese elderly individuals: a population-based
study. J Geriatr Psychiatry Neurol. (2011) 24:184-90. doi: 10.1177/0891988711422528

37.Chen KL, Xu Y, Chu AQ, Ding D, Liang XN, Nasreddine ZS, et al. Validation of
the Chinese version of Montreal cognitive assessment basic for screening mild cognitive
impairment. ] Am Geriatr Soc. (2016) 64:285-90. doi: 10.1111/jgs.14530

38. Faul E, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*power
3.1: tests for correlation and regression analyses. Behav Res Methods. (2009) 41:1149-60.
doi: 10.3758/BRM.41.4.1149

39. Huppert TJ, Hoge RD, Diamond SG, Franceschini MA, Boas DA. A temporal
comparison of BOLD, ASL, and NIRS hemodynamic responses to motor stimuli in adult
humans. NeuroImage. (2006) 29:368-82. doi: 10.1016/j.neuroimage.2005.08.065

40. Brigadoi S, Ceccherini L, Cutini S, Scarpa E, Scatturin P, Selb J, et al. Motion
artifacts in functional near-infrared spectroscopy: a comparison of motion correction
techniques applied to real cognitive data. Neurolmage. (2014) 85:181-91. doi:
10.1016/j.neuroimage.2013.04.082

41. Piper SK, Krueger A, Koch SP, Mehnert ], Habermehl C, Steinbrink J, et al. A
wearable multi-channel fNIRS system for brain imaging in freely moving subjects.
NeuroImage. (2014) 85:64-71. doi: 10.1016/j.neuroimage.2013.06.062

42. Santosa H, Hong MJ, Kim S-P, Hong K-S. Noise reduction in functional near-
infrared spectroscopy signals by independent component analysis. Rev Sci Instrum.
(2013) 84:073106. doi: 10.1063/1.4812785

43. Sakatani K, Yamashita D, Yamanaka T, Oda M, Yamashita Y, Hoshino T, et al.
Changes of cerebral blood oxygenation and optical pathlength during activation and
deactivation in the prefrontal cortex measured by time-resolved near infrared
spectroscopy. Life Sci. (2006) 78:2734-41. doi: 10.1016/j.1f5.2005.10.045

44. Friston KJ, Holmes AP, Worsley KJ, Poline JP, Frith CD, Frackowiak RSJ. Statistical
parametric maps in functional imaging: a general linear approach. Hum Brain Mapp.
(1994) 2:189-210. doi: 10.1002/hbm.460020402

45.Zhang M, Qu Y, Li Q, Gu C, Zhang L, Chen H, et al. Correlation between
prefrontal functional connectivity and the degree of cognitive impairment in Alzheimer's
disease: a functional near-infrared spectroscopy study. J Alzheimers Dis. (2024)
98:1287-300. doi: 10.3233/JAD-230648

46. Guida P, Foffani G, Obeso I. The supplementary motor area and automatic
cognitive control: lack of evidence from two neuromodulation techniques. J Cogn
Neurosci. (2023) 35:439-51. doi: 10.1162/jocn_a_01954

47. Wong CHY, Liu J, Tao J, Chen L-D, Yuan H-L, Wong MNK, et al. Causal influences
of salience/cerebellar networks on dorsal attention network subserved age-related
cognitive slowing. GeroScience. (2023) 45:889-99. doi: 10.1007/s11357-022-00686-1

Frontiers in Neurology

13

10.3389/fneur.2025.1571964

48. Park J-H. Can the fNIRS-derived neural biomarker better discriminate mild
cognitive impairment than a neuropsychological screening test? Front Aging Neurosci.
(2023) 15:1137283. doi: 10.3389/fnagi.2023.1137283

49.Niu H-J, Li X, Chen Y-J, Ma C, Zhang J-Y, Zhang Z-]. Reduced frontal activation
during a working memory task in mild cognitive impairment: a non-invasive near-infrared
spectroscopy study. CNS Neurosci Ther. (2013) 19:125-31. doi: 10.1111/cns.12046

50. Liu Y, Zeng Z, Huang S, Shang P, Lv Z, Wang Y, et al. Brain activation during working
memory task in amnestic mild cognitive impairment patients and its association with
memory and attention. ] Alzheimers Dis. (2023) 91:863-75. doi: 10.3233/JAD-220815

51. Park DC, Bischof GN. The aging mind: neuroplasticity in response to cognitive
training. Dialogues Clin Neurosci. (2013) 15:109-19. doi:
10.31887/DCNS.2013.15.1/dpark

52. Armstrong NM, An Y, Shin JJ, Williams OA, Doshi ], Erus G, et al. Associations
between cognitive and brain volume changes in cognitively normal older adults.
NeuroImage. (2020) 223:117289. doi: 10.1016/j.neuroimage.2020.117289

53. Macoir J, Tremblay P, Hudon C. The use of executive fluency tasks to detect
cognitive impairment in individuals with subjective cognitive decline. Behav Sci. (2022)
12:491. doi: 10.3390/bs12120491

54. Cintoli S, Favilli L, Morganti R, Siciliano G, Ceravolo R, Tognoni G. Verbal fluency
patterns associated with the amnestic conversion from mild cognitive impairment to
dementia. Sci Rep. (2024) 14:2029. doi: 10.1038/s41598-024-52562-x

55. Jia X, Wang Z, Huang F, Su C, Du W, Jiang H, et al. A comparison of the Mini-
mental state examination (MMSE) with the Montreal cognitive assessment (MoCA) for
mild cognitive impairment screening in Chinese middle-aged and older population: a
cross-sectional study. BMC Psychiatry. (2021) 21:485. doi: 10.1186/s12888-021-03495-6

56. Evangelista ND, O'Shea A, Kraft JN, Hausman HK, Boutzoukas EM, Nissim NR,
et al. Independent contributions of dorsolateral prefrontal structure and function to
working memory in healthy older adults. Cereb Cortex. (2021) 31:1732-43. doi:
10.1093/cercor/bhaa322

57. Ptak R. The frontoparietal attention network of the human brain: action, saliency,
and a priority map of the environment. Neuroscientist. (2012) 18:502-15. doi:
10.1177/1073858411409051

58. Tung H, Lin WH, Hsieh PE, Lan TH, Chiang MC, Lin YY, et al. Left frontotemporal
region plays a key role in letter fluency task-evoked activation and functional
connectivity in Normal subjects: a functional near-infrared spectroscopy study. Front
Psych. (2022) 13:810685. doi: 10.3389/fpsyt.2022.810685

59. Vonk JM]J, Rizvi B, Lao PJ, Budge M, Manly J], Mayeux R, et al. Letter and category
fluency performance correlates with distinct patterns of cortical thickness in older
adults. Cereb Cortex. (2019) 29:2694-700. doi: 10.1093/cercor/bhy138

60. Ewers M, Sperling RA, Klunk WE, Weiner MW, Hampel H. Neuroimaging
markers for the prediction and early diagnosis of Alzheimer's disease dementia. Trends
Neurosci. (2011) 34:430-42. doi: 10.1016/j.tins.2011.05.005

61. Wiesman AI, Mundorf VM, Casagrande CC, Wolfson SL, Johnson CM, May PE,
et al. Somatosensory dysfunction is masked by variable cognitive deficits across patients
on the Alzheimer's disease spectrum. EBioMedicine. (2021) 73:103638. doi:
10.1016/j.ebiom.2021.103638

62. Csipo T, Lipecz A, Owens C, Mukli P, Perry JW, Tarantini S, et al. Sleep deprivation
impairs cognitive performance, alters task-associated cerebral blood flow and decreases
cortical neurovascular coupling-related hemodynamic responses. Sci Rep. (2021)
11:20994. doi: 10.1038/s41598-021-00188-8

63.Mukli P, Csipo T, Lipecz A, Stylianou O, Racz FS, Owens CD, et al. Sleep
deprivation alters task-related changes in functional connectivity of the frontal cortex:
a near-infrared spectroscopy study. Brain Behav. (2021) 11:€02135. doi:
10.1002/brb3.2135

64. Baril A-A, Beiser AS, Sanchez E, Mysliwiec V, Redline S, Gottlieb D], et al.
Insomnia symptom severity and cognitive performance: moderating role of APOE
genotype. Alzheimers Dement. (2022) 18:408-21. doi: 10.1002/alz.12405

65. Diering GH, Nirujogi RS, Roth RH, Worley PE, Pandey A, Huganir RL. Homerla
drives homeostatic scaling-down of excitatory synapses during sleep. Science. (2017)
355:511-5. doi: 10.1126/science.aai8355

66. De Lucia N, Carbone G, Muzii B, Ferrara N, Rengo G, Maldonato NM, et al.
Neuropsychiatric symptoms and their neural correlates in individuals with mild
cognitive impairment. Int Psychogeriatr. (2023) 35:623-32. doi: 10.1017/S1041610
22200117X

frontiersin.org


https://doi.org/10.3389/fneur.2025.1571964
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1364/BOE.438926
https://doi.org/10.1016/j.neuroimage.2021.117795
https://doi.org/10.1093/geronb/gby024
https://doi.org/10.1080/09658211003702171
https://doi.org/10.1037/0894-4105.21.4.458
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1111/joim.12190
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1177/0891988711422528
https://doi.org/10.1111/jgs.14530
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1016/j.neuroimage.2005.08.065
https://doi.org/10.1016/j.neuroimage.2013.04.082
https://doi.org/10.1016/j.neuroimage.2013.06.062
https://doi.org/10.1063/1.4812785
https://doi.org/10.1016/j.lfs.2005.10.045
https://doi.org/10.1002/hbm.460020402
https://doi.org/10.3233/JAD-230648
https://doi.org/10.1162/jocn_a_01954
https://doi.org/10.1007/s11357-022-00686-1
https://doi.org/10.3389/fnagi.2023.1137283
https://doi.org/10.1111/cns.12046
https://doi.org/10.3233/JAD-220815
https://doi.org/10.31887/DCNS.2013.15.1/dpark
https://doi.org/10.1016/j.neuroimage.2020.117289
https://doi.org/10.3390/bs12120491
https://doi.org/10.1038/s41598-024-52562-x
https://doi.org/10.1186/s12888-021-03495-6
https://doi.org/10.1093/cercor/bhaa322
https://doi.org/10.1177/1073858411409051
https://doi.org/10.3389/fpsyt.2022.810685
https://doi.org/10.1093/cercor/bhy138
https://doi.org/10.1016/j.tins.2011.05.005
https://doi.org/10.1016/j.ebiom.2021.103638
https://doi.org/10.1038/s41598-021-00188-8
https://doi.org/10.1002/brb3.2135
https://doi.org/10.1002/alz.12405
https://doi.org/10.1126/science.aai8355
https://doi.org/10.1017/S104161022200117X
https://doi.org/10.1017/S104161022200117X

	An fNIRS-based investigation of cerebral hemodynamic responses during verbal fluency task and n-back task in individuals with mild cognitive impairment
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Participants
	2.3 Devices
	2.4 Experimental procedure
	2.5 Data preprocessing
	2.6 Statistical analysis

	3 Results
	3.1 Comparison of channel hemodynamic responses
	3.2 Comparison of ROI hemodynamic responses
	3.3 Correlation analysis of channels, ROIs and MoCA

	4 Discussion
	5 Conclusion

	References

