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	 Background:	 This study aimed to explore the amplitude of low-frequency fluctuations (ALFF) for whole-brain in leukoaraio-
sis (LA) patients suffering from cognitive decline or impairment.

	 Material/Methods:	 Patients were selected by employing magnetic resonance imaging (MRI) technique. According to results of 
the clinical dementia rating and Montreal cognitive assessment (MoCA), patients were divided into 3 groups: 
LA patients diagnosed as vascular mild-cognitive impairment (LA-VaMCI, n=28), LA patients diagnosed as vas-
cular-dementia (LA-VaD, n=18), and normal individuals (NC, n=28). Executive functions were evaluated by using 
the Stroop test and Trail Making Test (TMT). The higher scores in TMT test mean greater impairments. Changes 
for the ALFF were measured by using resting-state functional MRI (rs-fMRI) technique. Correlations between 
ALFF and cognition scores were analyzed.

	 Results:	 It was found that widespread differences in ALFF were present predominantly in the posterior cingulate cor-
tex/precuneus (PCC/PCu) and in the right inferior temporal gyrus (ITG). Compared with the NC group, ALFF val-
ues in PCC/PCu were significantly decreased (F=3.273, P=0.022) and ALFF values were significantly increased 
(F=2.864, P=0.033) in temporal regions of the LA-VaD patients. ALFF values in LA-VaMCI patients were signifi-
cantly increased in ITG compared to that in the NC group (F=1.064, P=0.042) and the LA-VaD group (F=2.725, 
P=0.037). Impairment in executive functions were positively correlated with average ALFF of the left PCu.

	 Conclusions:	 This research showed that LA patients exhibited abnormal intrinsic-brain activities. Furthermore, altered ALFF 
was positively correlated with executive function scores.
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Bacground

Leukoaraiosis (LA), also called white matter lesions, is a univer-
sal neuroimaging phenomenon that usually occurs in elderly 
people (more than 50% of LA occurs in elderly people) [1]. It has 
been shown that the progression of LA is correlated with cog-
nitive decline or cognitive impairment [2]. LA is considered to 
be a risk factor for the cognitive damage, such as dysfunctional 
attention and impaired executive-function [2]. LA slowly and 
progressively damages brain white matter prior to the iden-
tifiable clinical manifestations. Potential mechanisms for LA 
damaged cognitive impairment or decline have been elusive 
until now. Nowadays, imaging technologies might be helpful 
to discover the associated mechanisms.

Resting state functional magnetic resonance imaging (fMRI) 
is widely used to investigate the pathophysiology of the 
brain [3,4]. The fMRI is also proven to be more effective at 
identifying functional pathology compared to task-fMRI tech-
niques [5]. In particular, the amplitude low frequency fluctua-
tions (ALFF) derived from the resting-state fMRI (rs-fMRI) signals 
are commonly applied to examine the intrinsic and spontane-
ous activities of the brain and exhibit valuable information 
for the pathological mechanism of neurological diseases [6,7]. 
Recent studies [8,9] have suggested that cognitive deficits can 
also be studied using rs-fMRI. For example, many studies have 
found abnormal ALFF in the Alzheimer’s disease [8] and mild 
cognitive impairment (MCI) [10]. However, research is lacking 
in explicit investigations on the relationship between cogni-
tive deficits and rs-fMRI dysfunction in LA patients, although 
a limited study [11] indicated that decreased ALFF in the left 
middle temporal gyrus may aid early detection of cognitive 
impairment in LA patients.

As far as we know, there are no investigations that have in-
vestigated the intrinsic functional changes in LA patients with 
different severities of cognitive impairment. Due to the lack 
of existing positive evidence on different severities of cogni-
tive impairment in LA patients, we hypothesized for this study 
regarding ALFF changes in LA with MCI patients and LA with 
vascular dementia patients. Finally, we hypothesized abnormal 
resting-state activities would be associated with neuro-cogni-
tive functioning, in particular executive performance. This re-
search aimed to apply the rs-fMRI method to detect changes 
in the ALFF of LA patients with different severities of cognitive 
impairment. Furthermore, the correlation between ALFF changes 
in LA patients and their cognitive performance was analyzed.

Material and Methods

Ethics committee approval and statement

We complied with the STROBE (strengthening the report-
ing of observational studies in epidemiology) statement and 
the checklist in reporting the present observational study 
(Supplementary Table 1). The experimental protocols in this 
study were approved by the Ethics Committees of Beijing 
Tiantan Hospital, Capital Medical University, China (ethical ap-
proval number: KYSB2016-166). Each participants with normal 
cognitive function gave written informed consent for partici-
pating in the present study and publishing associated results. 
For patients with cognitive impairment, written informed con-
sent was acquired from their guardians.

Participants

Participants were recruited from the Beijing Tiantan Hospital af-
filiated to the Capital Medical University, between January 2015 
and January 2017. Diagnosis of LA was made unanimously by 
2 radiologists who independently evaluated the fluid-attenuated 
inversion recovery (FLAIR) MRIs without any knowledge of the 
participant’s clinical profile. Fifty patients who were diagnosed 
LA by both radiologists were included in this study. In addition, 
28 age, gender, and education level matched healthy controls 
were recruited. The inclusion criteria for the LA patients were as 
follows: 1) patients aged between 50 and 85 years old, 2) patients 
showed LA on MRI scans according to the revised version of 
the scale of Fazekas [12], and 3) presence of a contactable in-
formant throughout the study. The exclusion criteria were as 
follows: 1) cardiac or renal failure, cancer, or other severe sys-
temic diseases; 2) unrelated neurological diseases such as ep-
ilepsy, traumatic brain injury, and multiple sclerosis, 3) chronic 
cerebral infarction or other lesions, 4) leukoencephalopathy of 
non-vascular origin, 5) dementia of non-vascular origin, 6) psy-
chiatric diseases or drug addiction, 7) consciousness disrup-
tion or aphasia, and 7) inability or refusal to undergo brain MRI.

Clinical cognitive assessment

All participants were instructed to complete a comprehensive 
neuropsychological battery. Global mental functioning was 
assessed through the Chinese version of Mini Mental State 
Examination (MMSE) [13], the Clinical Dementia Rating scale 
(CDR) and the Beijing version of Montreal Cognitive Assessment 
(MoCA) [14], under the supervision of a physician. The subse-
quent neuropsychological battery was tested in 5 cognition do-
mains: 1) memory, tested by the Auditory Verbal Learning (AVLT-
delay recall) [15]; 2) visuospatial ability and attention, tested 
by the Symbol Digit Modalities Test (SDMT) [16]; 3) language, 
tested by the Category Verbal Fluency Test [17]; 4) process-
ing speed, tested by the Stroop Test (Stroop B-time) [18] and 
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the Trail Making Test A (TMTa) [19] and 5) executive function, 
tested by the Trail Making Test B-A (TMTba) and the Stroop Test 
(Stroop CB-time). These tests were completed in a strict order in 
accordance with the standard protocols in a quiet room. In this 
study, higher score in TMT test means greater impairment.

Based on the results of these cognitive tests, the participants 
were divided into 3 group: LA patients diagnosed as vascular 
mild-cognitive impairment (LA-VaMCI group, n=28), LA patients 
diagnosed as vascular-dementia (LA-VaD group, n=18), and the 
normal control participants (NC, n=28). The LA-VaMCI patients 
complied with the following criteria: 1) CDR=0.5, 2) 24< MMSE 
<27 with ³6 years education, or 20< MMSE <24 with <6 years ed-
ucation, or 17< MMSE <21 with 0 years education; and 3) MoCA 
<26. The LA-VaD patients complied with the following criteria: 
1) CDR ³1; 2) MMSE £24 with ³6 years education, or MMSE £20 
with <6 years education, or MMSE £17 with 0 year of education; 
and 3) MoCA <26. The NC participants complied with the following 
criteria: 1) MRI showed normal brain structure; 2) CDR=0; 3) MMSE 
³27 with ³6 years education, or MMSE ³24 with <6 years edu-
cation, or MMSE ³21 with 0 years education; and 4) MoCA ³26.

Data acquisition of brain MRI

MRI was conducted by using a Siemens Magnetom Verio 3T 
superconducting MRI system, which was provided by the 
Radiology Department of Beijing Tiantan Hospital, Beijing, 
China. A T2W-FLAIR sequence was applied to detect white mat-
ter hyperintensities (parameters: echo time 140 ms, repetition 
time 11 000 ms, inversion time 2600 ms, slice thickness 
3–3.5 mm, interslice gap 0.5 mm). The parameters of the T1-
weighted 3D magnetization applied as follows: repetition 
time (TR): 2300 ms, time inversion (TI) : 1200 ms, echo time 
(TE) : 3.28 ms, flip angle (FA): 9°, matrix size : 256×256, slice 
thickness: 1 mm, number of slices: 256, inter-slice gap: 0.5 mm. 
The blood oxygenation level-dependent (BOLD) rs-fMRI was 
conducted in axial plane by utilizing the EPI (echo-planar im-
aging) sequence of a few associated parameters, including 
TE:  30 ms, TR :  2000 ms, field of view: 256×256 mm2, FA = 90°, 
NEX: 1, matrix size: 64×64, inter-slice gap:  0.5 mm, slice thick-
ness:  3.7 mm, number of slices: 32, acquisition time: 480 s. 
A total of 240 image volumes were obtained from each par-
ticipants. All of the patients were instructed to stay awake, 
relax and close their eyes. Meanwhile, during the resting fMRI 
scan, the participants were instructed to remain as motionless 
as possible. The noise was also reduced by using rubber ear-
plugs, and the participant’s head was also fixed to minimize 
the potential motion artifacts by employing the foam cushions.

Processing and analysis of rs-fMRI image

The structural data analysis was conducted by using VBM8 
toolbox (website: http://dbm.neuro.uni-jena.de/vbm.html). 

SPM8 package (website: http://www.fil.ion.ucl.ac.uk/spm) was 
used to analyze the data preprocessing. Slice-timing realign-
ment and adjustment for the correction of the head-motion 
were also conducted. Four LA patients were excluded from the 
data processing because of the excessive head movement. 
The criterion for excessive head movement was that the head 
motion exceeded 3° rotation or 1.0 mm translocation in any 
direction throughout the course of the scan [20]. The EPI im-
ages were normalized spatially to the stereotaxic coordinates 
for standard MNI (Montreal Neurological Institute) template 
and re-sampled into a 3×3×3 mm3 voxel size. Then, they were 
smoothed by convoluting with an isotropic Gaussian kernel of 
8 mm to reduce the spatial noise. In order to further exclude 
the possible effects for the confounding factors that were un-
possible associated with specific regional correlation, several 
spurious variance sources were removed by using the linear-
regression analysis, including the average signals from the 
white matter and the cerebrospinal fluid, 6 head motion pa-
rameters, and the global brain signal [21,22]. Finally, in order 
to remove the higher frequency noise and the lower frequency 
drift, we band-filtered the residual-time series within the fre-
quency range from 0.01 Hz to 0.08 Hz [23].

The ALFF was analyzed and calculated using the REST software 
(www.restfmri.net) according to a previous study described [23]. 
Briefly, in the window of ALFF analysis of the REST software, 
the frequency band between 0.01 Hz to 0.08 Hz was selected. 
Then, the individual ALFF map was generated and was nor-
malized with the individual’s global mean ALFF as done in the 
ReHo analysis. One-sided on-sample t tests were conducted 
to illustrate where in brain the standardized ALFF values were 
significantly larger than one.

Structural image analysis

The loss of gray matter (GM) could affect the functional re-
sults. In order to identify the brain regions with the GM loss, 
the voxel-based morphometry (VBM) analysis was conducted 
for the structural images (website: http://www.fil.ion.ucl.ac.uk/
spm). The FMRIB software Library (FSL3) Tools were used to an-
alyze the GM volume differences among the 3 groups.

Statistical analysis

In this study, all of the data were analyzed by utilizing the 
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). The chi-square 
test was employed to evaluate differences in gender distribu-
tion among the 3 groups. Kendall’s W test was used to eval-
uate the differences in education years among the 3 groups. 
The ANOVA test was employed to compare the difference in 
age, gender, education, cognitive test results (MMSE, MoCA), 
executive functions, processing speed, memory, language, and 
visual-spatial and attention among the groups.
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NC (n=28) LA-VaMCI (n=28) LA-VaD (n=18) F/t/x2 P values

Age (years) 58.35±6.82 59.28±6.12 60.28±11.65 0.89 0.678

Gender (Male/Female) 13/15 14/14 8/10 0.43 0.825

Education(years) 13.43±2.76 13.43±2.76 11.35±3.39 0.21 0.319

MMSE 29.46±1.07 24.96±1.48 20.53±1.77 216.32 0.000

MoCA 28.64±1.66 21.68±2.74 17.17±2.09 152.34 0.000

CDR 0 0.5 2

Executive function

	 StroopCB 19.33±4.09 22.79±3.38 19.72±2.21 7.96 0.001

	 TMTba 49.32±2.14 43.40±2.97 51.29±1.71 69.297 0.000

Processing speed

	 StroopB-time 44.54±4.54 68.25±3.65 76.52±1.78 476.03 0.000

	 TMTa 30.93±2.18 40.73±1.49 43.97±1.05 376.335 0.000

Memory AVLT-delay recall 6.25±1.35 3.96±0.58 1.76±0.90 107.46 0.000

Language Category Verbal Fluency 10.93±0.81 8.46±0.79 7.12±0.99 118.82 0.000

Visual-spatial and attention SDMT 49.25±4.73 38.21±5.74 32.41±2.15 75.36 0.000

NC (n=28) LA-VaMCI (n=28) LA-VaD (n=18) F/t/x2 P values

Age (years) 58.35±6.82 59.28±6.12 60.28±11.65 0.89 0.678

Gender (Male/Female) 13/15 14/14 8/10 0.43 0.825

Education(years) 13.43±2.76 13.43±2.76 11.35±3.39 0.21 0.319

MMSE 29.46±1.07 24.96±1.48 20.53±1.77 216.32 0.000

MoCA 28.64±1.66 21.68±2.74 17.17±2.09 152.34 0.000

CDR 0 0.5 2

Executive function

	 StroopCB 19.33±4.09 22.79±3.38 19.72±2.21 7.96 0.001

	 TMTba 49.32±2.14 43.40±2.97 51.29±1.71 69.297 0.000

Processing speed

	 StroopB-time 44.54±4.54 68.25±3.65 76.52±1.78 476.03 0.000

	 TMTa 30.93±2.18 40.73±1.49 43.97±1.05 376.335 0.000

Memory AVLT-delay recall 6.25±1.35 3.96±0.58 1.76±0.90 107.46 0.000

Language Category Verbal Fluency 10.93±0.81 8.46±0.79 7.12±0.99 118.82 0.000

Visual-spatial and attention SDMT 49.25±4.73 38.21±5.74 32.41±2.15 75.36 0.000

Table 1. Regions showing ALFF differences between the 3 groups.

Comparisons were performed at P<0.05, corrected for multiple comparisons using FDR-correction. x, y, z, coordinates of peak locations 
in the MNI space. MMSE – Mini Mental State Examination; MoCA – Montreal Cognitive Assessment; CDR – Clinical Dementia Rating; 
TMT – Trail Making Test; ALVT – Auditory Verbal Learning; SDMT – Symbol Digit Modalities Test; MNI – Montreal Neurological Institute; 
PCu – precuneus; ITG – inferior temporal gyrus.
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ROIs Regions Number of voxels Peak F
MNI coordinate (mm)

x y z

1 Right ITG 797 9.39 42 –9 –42

Increased ALFF in LA

2 Left PCu 207 8.33 –6 –45 24

Decreased ALFF in LA

Table 2. Demographic and neuropsychological characteristics of the study participants.

MNI – Montreal Neurological Institute Coordinate System; ITG – inferior temporal gyrus; ALFF – amplitude of low-frequency 
fluctuations; PCu – precuneus; LA – leukoaraiosis.

3.1296 13.74

Figure 1. �Comparisons for the ALFF signals in 
LA-VaMCI patients, LA-VaD patients, 
and NC individuals. Results were 
corrected by FDR-correction method 
(cluster size >145, P<0.05). Color-
bars illustrated t value in LA-VaMCI 
patients, LA-VaD patients, and the NC 
individuals. Warm-color illustrated 
the enhanced ALFF values and the 
cool-color illustrated the reduced 
ALFF values. ALFF – amplitude 
of low-frequency fluctuations; 
LA – leukoaraiosis; VaMCI – vascular 
mild-cognitive impairment; 
VaD – vascular-dementia, NC – normal 
control.

After correcting for age and sex and using FDR-correction for 
multiple comparisons, the 2-way repeated-measures ANOVA 
was used to compare the ALFF values difference among the 
3 groups. FDR-corrected post-hoc analysis was performed to 
correct the multiple comparisons for the P value. The Pearson’s 
correlation analysis was utilized to analyze the correlation be-
tween the ALFF results and the cognitive parameters in each 
group, controlling for age and years of education as confound-
ing variables. Statistical significance was indicated when P was 
less than 0.05.

Results

Demographic information and cognitive characteristics

There were no significant differences for the age, sex, or edu-
cation years among the 3 groups. Significant differences in ep-
isodic memory tests was observed with the NC group (having 

the highest scores in MMSE and MoCA) and the LA-VaD group 
(having the lowest scores in these tests). Significant differences 
were also found in executive functions, processing speed, and 
other parameters (Table 1).

VBM analysis

Because LA mainly damages the cerebral white matter, and our 
findings showed that no significant differences in regional cere-
bral gray matter volume were found between normal controls 
and the LA patients. This result was consistent with the descrip-
tion of leukoaraiosis is a pathology of the cerebral whiter matter.

ALFF analysis

The ANOVA statistical analysis showed that brain regions with 
a significant difference in ALFF values mainly included the left 
precuneus (PCu_L, F=3.273, P=0.022) and the right inferior tem-
poral gyrus (ITG), as shown in Figure 1 and Table 2. Compared 
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to the NC group, the LA groups showed enhanced ALFF val-
ues in the right ITG (F=1.064, P=0.042) and decreased ALFF in 
PCu_L (Figures 2 and 3, Table 2, F=2.864, P=0.033). The LA- 
VaMCI group showed significantly enhanced values of ALFF in 
the right ITG compared to the LA-VaD group (Figures 2 and 3, 
Table 2, F=2.725, P=0.037).

Relations between ALFF and execution function

The regression analyses were conducted based on the criteria 
outlined in materials and methods section. In the LA patients 
(LA-VaMCI patients and LA-VaD patients), these included as-
sessing the relations between ALFF values of the PCu_L and 
cognitive indexes including executive functions (StroopCB and 
TMTba), processing speed (StroopB-time and TMTa), visual-spa-
tial and attention (SDMT), language (category verbal fluency) 
and memory (AVLT-delay recall). As shown in Figure 4, execu-
tive function scores as measured by StroopCB and TMTba in the 
LA groups had a positive relationship with ALFF signals in the 
left precuneus (P=0.01 and r=0.694 for StroopCB and P=0.029 
and r=0.515 for TMTba). However, there were no significant 
correlations between ALFF signals in the left precuneus and 
processing speed (P=0.062 and r=0.342 for StroopB-time and 
P=0.065, r=0.412 for TMTa) or memory (P=0.105, r=0.297 for 
AVLT-delay recall) or language (P=0.081 and r=0.482 for cate-
gory verbal fluency) or visual-spatial and attention (P=0.065 
and r=0.376 for SDMT). Meanwhile, if the ALFF was positively 
correlated with higher or lower impairment of executive func-
tions needs to be clarified.

Discussion

Increasing evidence has suggested that LA may serve as a neu-
roimaging biomarker for potential cognitive decline [24]. To ex-
plore the underlying neural mechanism of how LA affects cog-
nition, we investigated the ALFF changes in LA patients with 
cognitive impairment by comparing these values with those of 
normal controls. We found ALFF differences in the right ITG and 
the PCC/PCu. In addition, we also found that ALFF values of LA 
patients are positively correlated with their cognitive decline. 
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Figure 2. �Brain regions showing different ALFF signals between groups. Color-bars illustrated t value in LA-VaMCI patients, LA-VaD 
patients, and the NC individuals. Warm-color illustrated the enhanced ALFF values and the cool-color illustrated the reduced 
ALFF values. ALFF – amplitude of low-frequency fluctuations; LA – leukoaraiosis; VaMCI – vascular mild-cognitive impairment; 
VaD – vascular-dementia; NC – normal control.
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Figure 3. �ALFF values of PCu_L and ITG_R. The different 
brain-regions, ALFF values were demonstrated on 
horizontal axis and vertical axis, respectively. Light 
gray represented the recordings for NC group. Dark 
gray represented the recordings for the LA-VaD group. 
Black represented the recordings for the LA-VaMCI 
group. ALFF – amplitude of low-frequency fluctuations; 
PCu_L – left precuneus; ITG_R – right inferior temporal 
gyrus; NC – normal control; LA – leukoaraiosis; 
VaMCI – vascular mild-cognitive impairment; 
VaD – vascular-dementia.
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Figure 4. �The correlation analysis between cognitive performance of LA patients and the associated ALFF values. The “Left” 
illustrated the partial correlation between the Stroop CB scores and the ALFF values. The Stroop CB scores were positively 
correlated with mean ALFF values for PCu_L (r=0.694, P=0.001). The “Middle” illustrated the regions showing different 
ALFF values between the NC individuals and the LA patients (LA>NC, P<0.05). The “Right” illustrated the partial correlation 
between the ALFF values and the TMTba scores. The mean ALFF values were positively correlated with the TMTba scores 
for PCu_L (r=0.515, P=0.029). In this part, the influences of gender, educative years, age, the GM volume were modified 
as the covariates. In the image, each dot represented a data deriving from one patient or individual. LA – leukoaraiosis; 
ALFF – amplitude of low-frequency fluctuations; PCu_L – left precuneus; NC – normal individuals; GM – gray matter.

The aforementioned results hint that brain regions might be the 
most influenced areas of LA patients. Meanwhile, the altered 
spontaneous ALFF values are possible indicators for cognitive 
impairment of these patients. ALFF values in the aforemen-
tioned regions might act as potential values in understanding 
cognitive decline in LA patients.

Previous resting state studies have proven that ALFF may be 
effective in examining spontaneous neuronal activities of the 
cortex [25]. The present study found that ALFF values in the 
left PCu of LA patients were significantly decreased compared 
with healthy controls post correcting GM volume’s effects. 
The PCu is considered the hub of fronto-parietal central ex-
ecutive network [26], which is helpful in manipulating infor-
mation and actively maintaining the process of learning and 
working memory. According to Gusnard anatomy of default 
network partitions, the PCu, located in the back of the cerebral 
cortex, is the most active region among the default network 
nodes and plays an important role in memory networks [27]. 
Previous studies have shown in Alzheimer’s disease that the de-
creased functional activities of posterior cingulate cortex were 
positively correlated with the score of delayed recall of audi-
tory verbal learning test. In this research, we discovered that 
the decreased ALFF in left PCu was correlated with the decline 
of the StroopCB time. The previous studies also showed that 
the ALFF abnormalities could be considered as a potential bio-
marker for the early diagnosis or prognostic marker for several 
diseases, such as Alzheimer’s disease [28], leukoaraiosis [29], 
and vascular dementia [30]. According the above backgrounds, 
the ALFF illustrated abnormalities with increased or decreased 

values, in different studies [8,10,11,28–30]. These differences 
might be caused by the differences in disease stages and the 
severity of diseases, which should be clarified in future studies.

Research in structural neuro-imaging has also illustrated that 
the PCu is mainly located in the medial aspect of the pari-
etal lobe and participates in distinct functional networks [31], 
which is in agreement with our findings in terms of the loca-
tion of this brain region. The posterior cingulate cortex (PCC) 
is an important region for the core executive function of the 
frontal lobe [32]. The executive dysfunctions of LA patients 
observed in the present study may arise from disruptions in 
the afferents of the PCC.

Inferior temporal gyrus (ITG) is considered a central portion of 
the language formulation area region and is known as a ter-
tiary visual association cortex [33,34], which also involves 
in the visual perception, language, and the memory [35,36]. 
Meanwhile, the ITG also participates in the emotion regula-
tion and the sub-serves cognition processing, and even the 
default mode network [36–39]. It has been reported that 
both Alzheimer’s disease and MCI patients illustrated the re-
duced cortical thickness in temporal lobe, which plays a cru-
cial role in memory preservation [40]. In this study, the results 
showed that the ALFF values in right inferior temporal lobe 
of LA groups were significantly increased with a more signifi-
cant increase in LA-MCI patients. Therefore, the present study 
extended the previously reported findings and suggests that 
the default mode network plays critical roles in the LA patho-
physiology. One possible mechanism is that the distal cortex 
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compensates the dysfunction of lesioned white matter [41,42]. 
Though an association between decreased cerebral cortical 
thickness and increased LA volume has been reported [43], 
the present study did not show a significant decrease in the 
thickness of the temporal lobe. More specifically, the neuro-
imaging data support the linking of temporal lobe to the alexi-
thymia [44,45]. Evidence from cross-sectional studies suggests 
a link between cerebral age-related white matter changes and 
depressive symptoms in older people [46]. For this reason, we 
considered that the relationship between depressive symp-
toms in LA patients and ITG should be studied in the future.

The present research also had a few limitations. First, the sam-
ple size of this study was relatively small. In further studies, 
a larger sample should be used to confirm our findings. Second, 
ALFF values which reflect the spontaneous low-frequency fluc-
tuations of neural activity in a certain voxel, were not dynamic 
due to the cross-sectional investigation. Third, although there 
was no difference in GM volumes, the structural differences 
among the 3 groups could still have affected the measurement 
of rs-fMRI signals. Fourth, this study did not provide details 
for the prevalence of vascular risk factors and comorbidities, 
such as hypertension, diabetes, dyslipidemia, and myocardial 
infarction. However, LA is usually associated with these vascu-
lar risk factors. Diabetes, hypertension, atherosclerotic carotid 
artery diseases, cerebral hemodynamics impairment, in turn, 
are associated with neuro-cognitive functions [47–49]. In fu-
ture studies, we would evaluate the associations between ce-
rebral hemodynamic status, LA entities and ALFF and observed 

the relationships between vascular risk factors and neuro-cog-
nitive functions. Fifth, the cerebral connectivity data, which 
has also been correlated with the cognitive functions, were 
not available. In future studies, we would evaluate the cere-
bral connectivity data and analyze relationship with cogni-
tive functions. Sixth, the grade of the severity of LA was not 
evaluated in this study. The group with “vascular dementia” 
might have greater LA. Therefore, the severity of LA would be 
graded in future studies. Seventh, this study did not involve 
patients with LA but without cognitive impairment. In future 
studies, we would include LA patients without cognitive im-
pairment for clarification.

Conclusions

This study investigated spontaneous and aberrant activities 
of the LA patients with cognitive impairment by evaluating 
the ALFF values utilizing rs-fMRI. The significant decrease of 
ALFF values was discovered in the left PCu, and increased in 
the right ITG. The ALFF values of the left PCu illustrated a pos-
itive correlation with executive function scores, suggesting 
that spontaneously aberrant activities of the aforementioned 
brain regions may aid in understanding the characteristics of 
cognitive impairment of LA patients.
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Supplementary Table

Supplementary Table 1. STROBE statement – checklist of items that should be included in reports of case-control studies.

Item No Recommendation

Title and abstract 1 (a) �Indicate the study’s design with a commonly used term in the title or the abstract [2]

(b) �Provide in the abstract an informative and balanced summary of what was done and 
what was found [2]

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported [4]

Objectives 3 State specific objectives, including any prespecified hypotheses [5]

Methods

Study design 4 Present key elements of study design early in the paper [5,6]

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 
exposure, follow-up, and data collection [5,6]

Participants 6 (a) �Give the eligibility criteria, and the sources and methods of case ascertainment and 
control selection. Give the rationale for the choice of cases and controls [5,6]

(b) For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable [6–10]
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* Give information separately for cases and controls. An Explanation and Elaboration article discusses each checklist item and gives 
methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction 
with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine 
at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at 
http://www.strobe-statement.org.

Item No Recommendation

Data sources/ measurement 8* For each variable of interest, give sources of data and details of methods of assessment 
(measurement). Describe comparability of assessment methods if there is more than 
one group [6-10]

Bias 9 Describe any efforts to address potential sources of bias [N/A]

Study size 10 Explain how the study size was arrived at [5,6]

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe 
which groupings were chosen and why [10]

Statistical methods 12 (a) �Describe all statistical methods, including those used to control for confounding [10]

(b) Describe any methods used to examine subgroups and interactions [N/A]

(c) Explain how missing data were addressed [N/A]

(d) If applicable, explain how matching of cases and controls was addressed [N/A]

(e) Describe any sensitivity analyses [N/A]

Results

Participants 13* (a) �Report numbers of individuals at each stage of study – e.g., numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, completing 
follow-up, and analyzed [N/A]

(b) Give reasons for non-participation at each stage [N/A]

(c) Consider use of a flow diagram [N/A]

Descriptive data 14* (a) �Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders [11]

(b) �Indicate number of participants with missing data for each variable of interest [N/A]

Outcome data 15* Report numbers in each exposure category, or summary measures of exposure [11,12]

Main results 16 (a) �Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included [N/A]

(b) Report category boundaries when continuous variables were categorized [N/A]

(c) �If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period [N/A]

Other analyses 17 Report other analyses done – e.g., analyses of subgroups and interactions, and 
sensitivity analyses [N/A]

Discussion

Key results 18 Summarize key results with reference to study objectives [12,13]

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias [15]

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence [15]

Generalizability 21 Discuss the generalizability (external validity) of the study results [16]

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if 
applicable, for the original study on which the present article is based [17]
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