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Abstract
Background: Whether there is a cognitive load-dependent brain activation pattern in the pre-Alzheimer’s disease phase
is unknown. Multimodal system provides a powerful technical tool.

Objective:We evaluated brain activity patterns under different cognitive loads in patients with mild cognitive impairment.

Methods: Functional near-infrared spectroscopy signals and electroencephalography signals were acquired from the mild

cognitive impairment group (MCI, n= 20) and the healthy control group (HC, n= 24) under four cognitive loads. We

analyzed the respective brain activity features and performed correlation analyses.

Results: (1) During the encoding phase, both the left occipital (pcond= 0.05, pgroup < 0.01) and left temporal (pcond= 0.02,

pgroup= 0.03) skewness condition effects and between-group effects were significant. (2) As the cognitive load increased,

the clustering coefficients and local efficiencies were significantly lower for the HC group. (3) The left occipital and left tem-

poral activation skewness in the MCI group were significantly correlated with left occipital electrical features, whereas the left

occipital activation intensity and skewness were significantly correlated with left occipital electrical features in HC group.

Conclusions: The pattern of brain activity in MCI depends on cognitive load. Left occipital and left temporal may be

important brain regions for evaluating MCI and need to be focused on in the future.
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Introduction
Alzheimer’s disease (AD) is a common neurodegenerative
and progressive disease,1–3 whose principal symptoms
include cognitive impairment and difficulty in daily life.4

Cognitive impairment involves functions such as memory,
speech, attention, and executive. It is estimated that the
number of people with AD will reach 13.8 million by
2060.5,6 AD is rapidly becoming one of the most expensive
and burdensome diseases in the world. Although some
medications can slow the progression, no cure has been
found.7,8 The underlying mechanism of clinical symptoms
of AD is unknown. Mild cognitive impairment (MCI) is
an early stage of AD, and understanding its early symptoms
can help people get a diagnosis and appropriate treatment.
Through early intervention, it is possible to minimize the
effects of AD and prolong the quality of life of patients.
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The pattern of brain activity during cognitive tasks in
patients with MCI has yet to be uniformly determined.9–12

Some studies have confirmed increased frontal activation
during working memory tasks in MCI patients,9,10

whereas others have shown the opposite result.11,12 This
may be because MCI patients exhibit different brain activa-
tion patterns resulting from different task paradigms and
loads. For example, it was found that healthy individuals
had significant frontal activation under high cognitive
load conditions.13–16 Compared with healthy individuals,
MCI has reduced activation at high cognitive load, but
similar frontal activation12 or increased11,17,18 activation
at low cognitive load. However, limited evidence supports
the role of cognitive load in modulating activation patterns
in individuals with mild cognitive impairment. Thus, the
neural basis of cognition in patients with MCI remains to
be determined.

Functional near-infrared spectroscopy (fNIRS) has rela-
tively accurate spatial information and is widely used to
explore abnormal brain activity in cognitive disorders.19

Relative to healthy individuals, MCI and AD have abnor-
mal activation patterns and network connection patterns in
both resting20 and task21 states. Electroencephalography
(EEG), with millisecond temporal resolution, provides
rich electrophysiological information and offers valuable
biomarkers for diagnosing AD.22–25 In the early stages of
AD, researchers have found an increase in slow waves
(delta and theta waves)26,27 and a decrease in fast waves
(alpha and beta waves).28–31 In addition, other forms of
power spectrum, energy, ERP features, and network fea-
tures have been used in previous studies to quantify the cog-
nitive level of MCI.32–35

Although many results have been achieved in single-
modal AD assessment and diagnosis research, the
complex nature of AD disease predetermines that assess-
ment from a single perspective needs to be revised.
Multimodal approaches have been a hot research topic.36–
38 The fNIRS-EEG dual-modality system combines the
advantages of high spatial resolution and high temporal
resolution, which provides comprehensive brain function
information based on hemodynamic and electrophysio-
logical features. The fNIRS-EEG dual-modality system
has been used to identify functional changes associated
with AD. For example, Cicalese et al. used the
fNIRS-EEG system for AD identification and obtained suf-
ficiently good classification performance that was superior

to that obtained with a single modality.39 Indeed, although
the fNIRS-EEG system has been used to extract cross-
modal indicators in patients with AD,40–42 to the best of
our knowledge, this multimodal approach has not been
applied to assess the presence of cognitive load-dependent
dysfunction in patients with MCI.

Therefore, in order to further explore the neural basis of
mild cognitive impairment and the changes in brain activity
under different cognitive loads, the fNIRS-EEG dual-modal
system was used in this study to explore the perspectives of
hemodynamics and electrophysiology. We used the digit
verbal span task (DVST) paradigm with four cognitive
load levels to investigate whether cognitive load modulates
brain activity patterns in MCI. In addition, this study
explored the correlations between hemodynamic and elec-
trophysiologic activities under different cognitive loads.

Methods

Subjects
Subjects were recruited and grouped by professional cogni-
tive rehabilitation physicians. The recruitment criteria for
subjects were as follows: aged 60 and above, no major psy-
chiatric disorders or cognitive disorders other than AD, and
no major verbal or executive dysfunction. Criteria for
healthy control subjects (HC): no memory loss, no
cognitive-related diseases, Mini-Mental State Examination
(MMSE, Shanghai version) score above 24,43–45 and
Montreal Cognitive Assessment (MoCA, Beijing version)
score above 23.46,47 This study simultaneously employed
the MMSE and MoCA scales to ensure the validity of cog-
nitive assessment. Criteria for MCI subjects: complaints of
memory loss within the last one to two months, able to carry
out daily activities, MMSE score below 24, MoCA score
below 23, while not meeting AD criteria. A total of 24
healthy subjects and 20 MCI subjects completed the
study. Demographic information is shown in Table 1.

This study was approved by the Guangxi Jiangbin
Hospital Ethics Committee (GXJBYY-IRB-KY-2020016)
and performed following the Declaration of Helsinki.
Each participant was fully informed of the research
purpose and methods and provided written, informed
consent before the experiment started.

Experimental paradigm
In this study, the classical DVST was used to examine the
subjects’ cognitive function.39 The experimental paradigm
is shown in Figure 1(a). To prevent the effects of fatigue,
the task duration was controlled to be within 20 min. It con-
sisted of a 3-min resting state and an 11-min task state for
14 min. The resting state requires the subject to sit quietly
and gaze at the center of the screen. In the task phase, the

Table 1. Demographic information.

HC MCI p

Age 69.04± 5.03 68.85± 4.51 0.89

Gender 10M / 14F 10M / 10F 0.58

MMSE 28.25± 1.36 25.85± 3.01 < 0.01

MoCA 25.83± 2.01 19.65± 1.69 < 0.01
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screen presented a string of numbers for 5 s, and the subject
performed memory encoding. After that, the number disap-
peared and the subject was asked to relax for 10 s. Next was
6 s of memory retrieval in which the subject verbally
recalled the number string (either in forward or backward)
as required. A 10 s break was taken, followed by the subse-
quent trial. To set up different cognitive loads, the length of
the digit strings nwas set to 3, 4, 5, and 6. Based on research
findings related to cognitive assessment using the DVST
task and the memory capacity of older adults,48 the
changes in brain activity at string lengths of 4 and 5 are par-
ticularly noteworthy. Therefore, the number of trials was set
to 4, 6, 6, and 4, respectively named DVST3, DVST4,
DVST5, and DVST6, to ensure the reliability of the data
and the validity of the results. The number of trials of the
same cognitive load task was the same for forward and
backward, and the order was randomized.

Data collection
A continuous-wave multi-channel fNIRS system
(Huichuang, China) was used for data acquisition. The
wavelengths were 740 nm and 850 nm. The sampling rate
was 21 Hz. Because AD is a disease that involves lesions
in multiple brain regions, data acquisition was performed
on the global brain. According to the international 10–20
system, 18 sources and 31 detectors were arranged, travel-
ing 59 channels, covering frontal, parietal, temporal, and
occipital lobes. All sources and detectors were spaced
3 cm apart, where the reference points were Fz, C3, C4,
and Cz, see Figure 1(b).

A dry electrode EEG device (DSI-7, Wearable Sensing,
USA) was used for signal acquisition. The sampling rate was
300 Hz. According to the International 10–20 system, the elec-
trodes are arranged at positions F7, F8, P3, P4,O1, andO2. The
reference electrode corresponds to FCz, and the grounded elec-
trode corresponds to CPz. Simultaneous labeling of dual-mode
signals using NirsTrigger (Huichuang, China).

Data processing
The fNIRS data were preprocessed using homer2.49 First,
The raw light intensity was converted to optical density.
Second, the motion artifact was removed by the spline inter-
polation method, where the parameters were set as follows:
SDThresh= 20, AMPThresh= 5, tMotion= 0.5 s, tMask=
1s, p= 0.99.50 Physiological noise was removed by
0.01–0.2 Hz bandpass filtering. Finally, changes in the con-
centration of oxyhemoglobin (HbO) and deoxyhemoglobin
(HbR) were obtained according to the modified Lambert-
Beer law. Since HbO has a higher signal-to-noise ratio
than HbR and is more sensitive to tasks, the HbO signal
was processed in this study.

Brain activation. To reduce individual differences in channel
location, we calculated and analyzed brain region features.
The brain regions are shown in Table 2. In this study, activation
intensity, kurtosis, and skewness51,52 were calculated for the
memory encoding phase (time window: 6–11 s, 5 s delay)
and the retrieval phase (time window: 26–31 s, 5 s delay).53

Functional network. FC_NIRS calculates the global network
features (clustering coefficient, characteristic path length,

Figure 1. (a) Experimental program. (b) Schematic diagram of fNIRS channel and EEG electrode arrangement. Cyan balls are fNIRS

channels and orange balls are EEG electrodes. Brain model from BrianNet Viewer.
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small-world, global efficiency, and local efficiency).54 First,
channels are taken as network nodes, and Pearson correl-
ation coefficients between channels are taken as connec-
tions. Then, the Pearson correlation coefficient between
each channel pair was calculated to obtain a 59× 59 correl-
ation coefficient matrix. Fisher’s r-z transform of the correl-
ation coefficient matrix is used to improve normality.
Finally, the threshold sparsity is used to transform the cor-
relation matrix into a binary matrix, and the corresponding
network topology properties are calculated. In this study,
we chose a wide threshold range of 0.1–0.5 with a step
size of 0.01.55

EEG feature. EEG signal preprocessing using EEGLAB.
Firstly, global re-referencing was performed. Second, band-
pass filtering from 1–40 Hz was performed. Due to fewer
electrodes, to fully utilize the EEG information, we processed
the raw signals using the MAICA algorithm.56 This was fol-
lowed by eye movement noise reduction using the method of
Salim et al.57 The frequency bands were divided into delta
wave 0.5–4 Hz, theta wave 4–8 Hz, alpha wave 8–13 Hz,
and beta wave 13–40 Hz.58 Finally, the relative power spec-
tral density characteristics of the EEG were calculated for the
encoding phase (time window: 5–15 s) and retrieval phase
(time window: 21–31 s).

Statistical analysis
The age, MMSE scores, and MoCA scores of the subjects in
the two groups were analyzed using the two-sample t-test.
The gender in both groups was tested using χ2 test.
Statistical analyses of the number of correct trials and
brain function features under different cognitive loads in
both groups were performed using two-way mixed
ANOVA. Correlation analyses were used to further
examine the correlations between cerebral hemodynamic
and electrophysiological activities.

Results

Demography and behavior
There was no statistically significant difference in age and
gender between the two groups. MMSE and MoCA
scores were significantly higher in the HC group than in
the MCI group (see Table 1).

A two-way mixed ANOVA found significant
between-group effect (pgroup < 0.01) and condition effect
(pcond < 0.01) for the number of correct trials in the two
groups, with nonsignificant interaction effect (pinter=0.66).
Further analysis revealed no statistically significant difference
in the number of correct trials of DVST3 between the two
groups. As the cognitive load increased, the number of
correct trials in both groups increased and then decreased.
The number of correct trials in DVST4 was significantly
higher than that in the other tasks. From DVST4 to DVST6,
the number of correct trials was significantly higher in the
HC group than in the MCI group, see Figure 2.

Brain activation
Activation intensity is shown in Figure 3. The results of the
two-way mixed ANOVA on brain activation features
during the memory encoding phase are shown in
Supplemental Table 1. In the memory encoding phase,
the activation levels of brain regions (RF, LT, RT, LIP,
and RIP) under different cognitive loads were lower in
the MCI group than in the HC group. Relative to other cog-
nitive loads, the activation intensity was maximized in HC
and MCI groups under the DVST4. In addition, from
DVST4 to DVST6, parietal and occipital activation
increased in the MCI group relative to the HC group. Left
prefrontal activation increased in the MCI group relative
to the HC group under the DVST5 and DVST6. A
two-way mixed ANOVA showed a significant
between-group effect for LO activation intensity only
(pgroup= 0.04), with a nonsignificant condition effect
(pcond= 0.12) and interaction effect (pinter= 0.17). Further
comparisons revealed significantly higher activation levels
in the MCI group than in the HC group under the DVST4
(p= 0.03) and DVST6 tasks (p= 0.04).

The kurtosis for the encoding phase revealed significant
condition effects for LIP (pcond= 0.03), RT (pcond= 0.05),
and RO (pcond= 0.04), and a significant interaction effect
for RT (pinter= 0.03) and RO (pinter= 0.01), see Table 3.
Further analysis showed that there were significant differ-
ences in HC groups under different cognitive loads.
Analyses for skewness found significant condition effects
for LT (pcond= 0.02), RT (pcond < 0.01), and LO (pcond=
0.05). Significant between-group effects were found for
LT (pgroup= 0.03) and LO (pgroup < 0.01). Further analysis
revealed significant between- and within-group differences
across cognitive load.

Table 2. Distribution of brain regions.

ROI

Abbreviation

for ROI Channel

Left prefrontal lobe LPF 1, 2, 3, 4

Middle prefrontal lobe MPF 6, 8, 9, 11

Right prefrontal lobe RPF 13, 14, 15, 16

Parietal lobe P 29, 30, 31, 32

Left temporal lobe LT 17, 23, 24, 25,

39

Right temporal lobe RT 21, 33, 34, 35,

43

Left inferior parietal

lobe

LIP 28, 37, 38

Right inferior parietal

lobe

RIP 41, 42, 57

Left occipital lobe LO 47, 48, 49, 50

Right occipital lobe RO 52, 54, 58, 59
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A two-way mixed ANOVA showed no statistically sig-
nificant differences in activation intensity, kurtosis, and
skewness features during memory retrieval.

Functional networks
After two-way mixed ANOVA, we found that the brain
network features, such as the clustering coefficient, small-
world, and local efficiency, significantly differed between
the HC group and the MCI group under the thresholds of
0.1–0.12. Figure 4 demonstrates the brain network features
of the two groups under the DVST3.

Figure 5 shows the network characteristics of the HC and
MCI groups at a threshold of 0.11. Supplementary Table 2
shows the results of the two-way ANOVA. Two-way mixed
ANOVA revealed a significant condition effect for clustering
coefficient, pcond=0.01, nonsignificant between-group (pgroup
=0.09), and interaction (pinter= 0.16) effects. Further analyses
found that the HC group clustering coefficient decreased sig-
nificantly with the increase of cognitive load (pDVST3−DVST4
=0.03, pDVST3−DVST5= 0.02, pDVST3−DVST6< 0.01). The
MCI group differed significantly only under the DVST4 and
DVST5, p=0.05. Between-group analyses found a significant
difference underDVST3 (p= 0.03). Local efficiency had a sig-
nificant condition effect (pcond < 0.01), with nonsignificant
between-group effect (pgroup=0.07) and interaction effect
(pinter= 0.10). As the cognitive load was increased, the HC
group significantly decreased local efficiency (pDVST3−DVST4
=0.04, pDVST3−DVST5= 0.02, pDVST3−DVST6< 0.01). The
MCI group had a significant difference under the DVST4 and
DVST5 (p=0.02). Similarly, there was a significant
between-group difference under DVST3 (p=0.01).
Small-world had a significant between-group effect (pgroup=
0.03), a condition effect (pcond= 0.17), and an interaction
effect that was not significant (pinter=0.10). As the cognitive
load was added, small-world decreased in the HC group, with
a significant difference under the DVST3 and DVST6, p=
0.05. There was a significant between-group difference in
small-world under the DVST3 (p= 0.01).

EEG relative power density feature
In this study, each channel’s relative power density features
were calculated. After a two-way mixed ANOVA, there were
no significant between-group effects, conditioned effects, or
interaction effects in the two groups of subjects under different
cognitive loads in the encoding phase. Under four cognitive
loadswith six channels, the delta and theta relative power dens-
ities of theMCI groupwere greater than those of theHCgroup.
The alpha relative power densities of bilateral frontal and right
occipital lobes were greater in the MCI group than in the HC
group. In contrast, the alpha relative power densities of bilateral
parietal and left occipital lobeswere smaller inbothMCIgroups
than in the HC group. Beta relative power density in the right
frontal lobe and right occipital lobe was greater in the MCI
group than in the HC group, and the rest of the channels
showed that the MCI group was smaller than the HC group.

Significant effects were found in the bilateral parietal lobes
during the memory retrieval phase (Supplemental Table 3).
Significant between-group effects were found for the relative
power densities of the O1 channel alpha (pgroup=0.05), theta
(pgroup=0.05), and beta (pgroup=0.01), but neither the condi-
tion effect nor the interaction effect was significant. Further ana-
lyses revealed significant between-group differences only for
beta across cognitive loads (pDVST3=0.03, pDVST4=0.03,
pDVST5=0.02, pDVST6=0.02). In theta wave of the O2
channel, the condition effect was significant, pcond=0.03, inter-
group effect pgroup=0.35, and interaction effect pinter=0.99
were not significant. The beta intergroup effect was significant
(pgroup=0.03), but the condition effect (pcond=1.00) and inter-
action effect (pinter=1.00) were not significant. The delta band
interaction effect was significant (pinter=0.04), but the inter-
groupeffect (pgroup=0.96) andconditioneffectwerenot signifi-
cant (pcond=0.07). There were no significant differences in the
three features of the right parietal between and within groups.

Correlation analysis
The fNIRS features with significant differences were corre-
lated with the EEG features of adjacent brain regions. As

Table 3. Brain activation feature during the memory encoding phase.

K S

RT LIP RO LT RT LO

HC DVST3 2.17± 0.65 2.02± 0.47 2.66± 0.74 0.17± 0.87 0.04± 0.73 0.16± 0.73

DVST4 2.04± 0.77 2.20± 0.63 2.76± 1.16 0.08± 0.59 0.10± 0.58 0.18± 0.71

DVST5 2.37± 0.93 2.24± 0.72 2.17± 0.62 0.39± 0.49 0.47± 0.58 0.23± 0.50

DVST6 1.91± 0.61 2.03± 0.45 2.01± 0.72 −0.08± 0.59 −0.06± 0.50 0.07± 0.45

MCI DVST3 2.73± 1.14 2.09± 0.52 2.45± 0.60 0.08± 0.65 0.10± 0.88 0.06± 0.66

DVST4 1.94± 0.68 2.06± 0.56 2.07± 0.53 −0.07± 0.69 −0.03± 0.51 −0.06± 0.64

DVST5 2.10± 0.66 2.56± 1.10 2.43± 0.78 −0.17± 0.70 0.19± 0.64 −0.06± 0.53

DVST6 2.37± 0.75 1.99± 0.46 2.21± 0.68 −0.38± 0.54 −0.32± 0.59 −0.49± 0.64

pgroup 0.20 0.57 0.41 0.03 0.17 0.00

pcond 0.05 0.03 0.04 0.02 0.00 0.05

pinter 0.03 0.40 0.01 0.25 0.54 0.35
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shown in Figure 6, during the memory encoding phase of
the DVST3, the activation intensity of the LO in the HC
group was significantly correlated with the relative power
densities of the alpha, beta, and theta of the O1 channel.

The skewness of LO in both the HC and MCI groups was
significantly correlated with the relative power densities
of the alpha, beta, and theta of the O1 channel. The skew-
ness of the LT in the MCI group was significantly correlated

Figure 2. Behavioral performance under different cognitive loads.

Figure 3. Brain activation intensity, kurtosis, and skewness. C indicates the change in HbO concentration, that is, the activation

intensity. K indicates kurtosis, and S indicates skewness. * indicates within-group differences, * p< 0.05, ** p< 0.01. # indicates

between-group differences, # p< 0.05, ## p< 0.01. Brain model from Brainnet Viewer.
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with the relative power densities of the relative power dens-
ities of alpha, beta, and theta of O1 channels were signifi-
cantly correlated.

Discussion
To deepen the understanding of the neural basis of mild
cognitive impairment, the fNIRS-EEG bimodal system
was used to investigate the brain activity changes of MCI
under different cognitive loads. The study confirmed that
cognitive load modulates brain activity patterns in patients
with MCI, that the left occipital and left temporal lobe are
potentially sensitive regions for cognitive assessment, and
that fNIRS features in the left occipital lobe are significantly
correlated with EEG features.

In the present study, parietal and occipital activation
intensity was enhanced in MCI patients with increasing
cognitive load relative to the HC group, which we attribute
to compensatory mechanisms. It is well known that com-
pensatory mechanisms in patients with neurodegenerative
diseases either recruit intact neural circuits in adjacent
brain regions or activate existing neural networks to main-
tain cognitive function.59 Functional neuroimaging typic-
ally captures this sequence of increased cerebral perfusion
(higher metabolic demand to maintain normal function,
hyperactivation)60 followed by decreased cerebral perfu-
sion (limited metabolic demand due to severe neurodegen-
erative changes, hypoactivation).61 The compensatory
process is inversely proportional to the extent of neurode-
generative disease (which is evident in the early phases of

the disease). In contrast, failure of neurologic compensation
(reduced hemodynamic response, hypoactivation) occurs
predominantly in the more severe stages.62

The left occipital and left temporal lobes are key regions
for cognitive assessment.20,63 Most studies have focused on
the prefrontal lobe because of its association with higher
processing functions. Relevant studies have confirmed
that in the resting state, the decreased functional connectiv-
ity of MCI mainly involves bilateral prefrontal, occipital,
and parietal cortex, such as the functional connectivity of
the right prefrontal and right occipital, the left prefrontal
and left occipital, and the right prefrontal and the left occipi-
tal.64,65 This may be attributed to the pattern of hypoperfu-
sion and hypometabolism in patients with MCI, resulting in
reduced tissue oxygenation levels and diminished blood
flow turbulence. Liu et al. found that left prefrontal and
right occipital functional connectivity was significantly
higher in the MCI group than in the HC group during a
counting backward task.66 It is important to note that
these functional connectivity abnormalities may be region-
specific. In addition, the left temporal lobe plays a crucial
role in vocabulary storage. At a high cognitive load, MCI
people may use simpler and more familiar strategies
rather than integrate more visual or spatial information.
Such a strategy may lead to increased activity in the left
temporal, resulting in a left-biased state. It is also important
to note that when cognitive load is increased, emotional
stress may lead to a shift in the regulatory mechanisms of
the left temporal, which may further exacerbate left tem-
poral activation.

Figure 4. Functional network metrics with sparsity thresholds of 0.1–0.5 for the DVST3. (a) Clustering coefficient. (b) Characteristic

path length. (c) Small-world. (d) Local efficiency. (e) Global efficiency. Blue and red curves with dots indicate the HC and MCI groups,

respectively. The light-colored curves indicate the mean and error bars of the matched random network.

Wang et al. 7



Figure 5. Network features for a sparsity threshold of 0.11. (a) The clustering coefficient, (b) the small-world, (c) the local efficiency,

(d) the characteristic path length, and (e) global efficiency. * indicates significant difference in the group, *p< 0.05, **p< 0.01. #indicates
significant differences between groups, #p< 0.05, ##p< 0.01.

Figure 6. Correlation between hemodynamic and electrophysiological features during the memory encoding phase. (a) and (b) are the

correlation between LO activation intensity and O1 features in HC and MCI groups, respectively. (c) and (d) are correlations between

LO skewness and O1 features in HC and MCI groups, respectively. (e) and (f) are the correlation between LT skewness and O1 features

in the HC and MCI groups, respectively.
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In this study, as the cognitive load increased, the cluster-
ing coefficient, small-world, and local efficiency of the HC
group significantly decreased, and the brain network lost
regularity and had higher dispersion. When the cognitive
load increases, the task demands more neural resources,
which may lead to the prioritization of certain neural con-
nections, thus reducing the clustering coefficient. The flexi-
bility and adaptability of the neural network are limited, and
the efficiency of information processing is reduced, which
is manifested in the weakening of the small-world. Highly
loaded tasks may lead to distraction and competition for
resources, and neurons in localized regions may have diffi-
culty communicating efficiently, thus reducing local effi-
ciency.67 Zhao et al. explored the role of working
memory load in predicting activity flow and brain activation
in different frontal-parietal systems. It was found that the
activation of both executive control and dorsal attentional
networks monotonically increased with increasing levels
of working memory load, but their relative contributions
to distributed information processing showed different
load-dependent changes.68 In the present study, the cluster-
ing coefficient of the MCI group was significantly lower
than that of the HC group during the DVST3, contrary to
the results of Li et al.69 This may be due to the differences
in MCI types (i.e., aMCI and naMCI combined vs. aMCI
alone), which led to inconsistent results.

Previous studies have confirmed that electrophysi-
ology and hemodynamics are related. The degree of
neural activation correspondence between different
regions or networks is different.70 In the present study,
we found that the left occipital activation intensity and
skewness, and the skewness of the left temporal were sig-
nificantly correlated with the alpha, beta, and theta rela-
tive power densities of the O1 channels. The left
occipital activation intensity and skewness, as well as
the skewness of the left temporal lobe, can be used as
potentially important indicators for cognitive assessment
in the future. The EEG feature of the left occipital like-
wise deserves further attention.

There are limitations in this study: the sample size is rela-
tively small. In the future, MCI subtypes need to be more
finely divided based on large samples to further explore the
changes in brain activity characteristics. Second, we found
that the hemodynamic characteristics of the HC and MCI
groups varied with the cognitive load, and it is worthwhile
to further explore whether the further increase in cognitive
load would lead to significant changes in electrophysio-
logical characteristics. The cognitive assessment indicators
proposed in this study need to be further validated and
tested in large datasets, to facilitate clinical translation and
contribute to the early diagnosis of cognitive disorders.

In conclusion, this study analyzed the changes in cere-
bral hemodynamic and electrophysiological activities in

patients with MCI and healthy people under different cog-
nitive loads. We concluded that the brain activity pattern
in MCI depends on cognitive load. With the increase of
cognitive load, some brain regions would be over-activated,
and the compensatory mechanism contributed to the main-
tenance of the normal functional activities of the brain. The
left occipital and left temporal lobes may be important
regions for MCI assessment and need to be focused on in
the future.
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