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Abstract: Purpose: Previous studies have shown that the strength of the low frequency fluctuation in the medial-line 
brain areas are abnormally reduced in mild cognitive impairment (MCI) and Alzheimer’s disease (AD) patients. The pur-
pose of this study was to explore the functional brain changes in early MCI (EMCI) and late MCI (LMCI) patients by 
measuring the amplitude of the blood oxygenation level dependent (BOLD) functional MRI (fMRI) signals at rest. Mate-
rials and methods: 35 elderly normal controls (NC), 24 EMCI, 29 LMCI, and 14 AD patients from the Alzheimer’s Dis-
ease Neuroimaging Initiative (ADNI2) were included in this study. Resting state fMRI and 3D structural MRI data were 
acquired. The spatial patterns of spontaneous brain activity were measured by examining the amplitude of low-frequency 
fluctuations (ALFF) of BOLD signal during rest. A one-way analysis of variance (ANOVA) was then performed on ALFF 
maps, with age, sex and regional atrophy as covariates. Results: There were widespread ALFF differences among the four 
groups. As compared with controls, AD, LMCI and EMCI patients showed decreased ALFF mainly in the posterior cingu-
late cortex, precuneus, right lingual gyrus and thalamus (with a linear trend: NC>EMCI>LMCI>AD), while there was in-
creased activity in the right parahippocampal gyrus (with a linear trend: NC<EMCI<LMCI<AD). Additionally, we also 
showed that many regions with ALFF changes had significant correlations with the cognitive performance as measured by 
mini-mental state examination scores (MMSE) and the emotion states as measured by Geriatric Depression Scale (GD 
scale) for EMCI, LMCI and AD patients, but not for controls. Conclusion: Our results indicated that the significantly al-
tered ALFF activities can be detected at EMCI stage, independent of age, sex and regional atrophy. The present study thus 
suggests ALFF abnormalities as a potential biomarker for the early diagnosis of AD and further provides insights into bio-
logical mechanisms of the diseases.
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INTRODUCTION 

 Alzheimer's disease (AD) is the most prevalent form of 
dementia worldwide with symptoms of global cognitive de-
cline, including progressive loss of memory, reasoning and 
language [1]. Early diagnosis and early intervention of AD 
may be necessary and helpful, not only because the patient's 
level of function will be preserved for a longer period, but 
also because community-dwelling patients with AD incur 
less societal cost than those who require long-term institu-
tional placement [2]. Mild cognitive impairment (MCI) is an 
intermediate state between healthy aging and AD, with a 
higher risk of developing dementia [3]. In the attempt to de-
fine an even earlier point in time for disease detection, the 
recent extensions of the Alzheimer's disease neuroimaging 
initiative (ADNI), i.e., ADNI Go study and ADNI 2, have 
introduced the distinction of MCI into early and late MCI. 
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Medical University, 45 Chang Chun Street, Xi Cheng District, Beijing 
100053, China; Tel: 86-10-83198376; Fax: 86-10-83198376; 
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Late MCI (LMCI) refers to the original definition (perform-
ance of 1.5 standard derivations (SD) below the normative 
mean), whereas in early MCI (EMCI), impairment is defined 
as performance between 1.0 SD and 1.5 SD below the nor-
mative mean on a standard test [4, 5]. There have been many 
anatomical and functional neuroimaging studies of MCI and 
AD in order to search for biomarkers of early diagnosis (see 
reviewers in [6, 7]). However, neuroimaging studies of 
EMCI and LMCI patients are still less.  
 Resting state functional magnetic resonance imaging (rs-
fMRI) has been widely used in the early diagnosis of MCI 
and AD (see a review: [8]), and has been demonstrated to be 
more effective at identifying functional pathology as com-
pared to task-fMRI techniques [9]. Several rs-fMRI studies 
using amplitude of low frequency fluctuation (ALFF) [10, 
11] measures have identified abnormalities of low frequency 
oscillations (LFO, 0.01-0.08 Hz) in many brain regions, and 
suggested using ALFF as a potentially useful tool for under-
standing the pathophysiology of amnesic MCI (aMCI) and 
AD. For example, Han et al. [12] compared healthy elder 
with aMCI patients and reported that aMCI had decreased 
ALFF values in the posterior cingulate cortex/precuneus 
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(PCC/PCu), medial prefrontal cortex (MPFC), hippocam-
pus/parahippocampal gyrus (PHG), basal ganglia, and pre-
frontal regions, and increased ALFF values mainly in several 
occipital and temporal regions. Xi et al. [13] compared 
healthy elder with mild AD patients and found that the mild 
AD showed decreased ALFF in the right PCC, ventral me-
dial prefrontal cortex (VMPFC) and the bilateral dorsal me-
dial prefrontal cortex (DMPFC), as well as increased ALFF 
in some regions. In an additional study, three groups of par-
ticipants were compared, i.e., healthy elderly, MCI and AD 
[14]. They found that AD and MCI patients showed abnor-
mal ALFF in various brain regions of the frontal, temporal, 
and parietal lobes, among which PCC showed the most sig-
nificant group differences with a trend of AD < MCI < 
healthy elderly. 
 The purpose of the present study was to repeat the above 
studies on ALFF alterations in MCI and AD. More impor-
tantly, it aimed to assess ALFF difference between EMCI 
and LMCI, which has not been characterized before. Given 
that many previous studies have commonly demonstrated 
decreased spontaneous PCC activity [15-20], specifically, 
reduced ALFF [12-14], in both AD and MCI/aMCI, we hy-
pothesized that the patients with EMCI, LMCI and AD 
would show abnormal LFO amplitudes in this region and 
may follow a linear trend of AD<LMCI<EMCI<controls. In 
addition, we also expected to find EMCI, LMCI, and AD-
related ALFF changes in other brain regions. 

MATERIALS AND METHODS 

Participants 

 The 102 participants in this study were recruited between 
2011 and 2013 through ADNI-2 from 56 centers in the USA 
and Canada (Table 1). Written consent was obtained from all 
subjects participating in the study, and the study was ap-
proved by the institutional review board at each participating 
site. Inclusion/exclusion criteria for ADNI studies are de-
scribed elsewhere (https://ida.loni.ucla.edu/login.jsp?project 
=ADNI). 
 From the ADNI-2 dataset, we selected all participants 
between 55-90 (inclusive) years of age who had completed, 
in the same visit, the following imaging assessments: MRI 
(3D MPRAGE) and resting state fMRI. Although neuropsy-

chological assessments were not used as the requisites for 
search, most of participants were tested with Mini-mental 
State Examination (MMSE), Global Clinical Dementia Rat-
ing (Global CDR), Neuropsychiatric Inventory Question-
naire (NPI-Q), Geriatric Depression Scale (GD Scale), as 
well as Functional Assessment Questionnaire (FAQ). Se-
lected individuals were classified as normal controls (NC), 
EMCI, LMCI and AD according to clinical and behavioral 
measures provided by ADNI2 at the time of the imaging 
study. Individuals with modified Hachinski Ischemia score 
higher than four points were excluded during the screening 
phase. Furthermore, subjects with imaging evidence of clini-
cally significant vascular changes were excluded from this 
analysis.  

MRI Data Acquisition 
 Scans were acquired on 3.0T Philips MR scanners. The 
subjects were instructed to hold still, keep their eyes open 
during the entire scan and focus on a point on the mirror or 
scanner. Functional images were collected axially by using 
an echo-planar imaging (EPI) sequence [repetition time 
(TR)/echo time (TE)/flip angle (FA) = 3000 ms/30 ms/80°, 
field of view (FOV): RL= 212 mm/AP = 198.75 mm/FH = 
159 mm, voxel size: RL = 3.3125 mm/AP=3.3125 mm, 
slices = 48, thickness = 3.3125 mm, gap = 0 mm, bandwidth 
= 1886.2 Hz/pixel]. The scan lasted for 423 s and 140 scans 
were collected. 3D T1-weighted magnetization-prepared 
rapid gradient echo (MPRAGE) sagittal images were col-
lected by using MPRAGE (sequence name) with the follow-
ing parameters: TR = 6.8 ms, TE = 3.1 ms, minimum inver-
sion time (TI) = 849.9592 ms, flip angle = 9°, field of view 
(FOV): RL= 204 mm/AP = 240 mm/FH = 256 mm, and 
slices = 170 yielding a voxel size of 1 � 1 � 1.2 mm3 ,with 
the total scan duration of 546.7s or using 2-fold acceleration 
using the sensitivity-encoding (SENSE) parallel imaging 
with the following parameters: TR = 6.8 ms, TE = 3.1 ms, 
minimum inversion time (TI) = 827.6673 ms, flip angle = 9°, 
field of view (FOV): RL= 204 mm/AP = 253.125 mm/FH = 
270 mm, and slices = 170 yielding a voxel size of 1.11 �
1.11 � 1.2 mm3 ,with the total scan duration of 334.2s 

FMRI Data Preprocessing 
 All analyses were conducted using Data Processing As-
sistant for Resting-State fMRI software (DPARSF) [21] and 

Table 1. Demographics and clinical findings. 

 AD LMCI EMCI Controls P value 

Sex, female/male 8/6 11/18 11/13 17/18 0.67a

Age, year 76.5±7.3 73.2±7.3 72.8±6.6 74.3±5.9 0.36b

MMSE 20.9±3.90 27.1±2.3 28.1±1.5 28.9±1.6 <0.01b

Global CDR 0.8±0.3 0.5±0.1 0.5±0.1 0±0 <0.01 b

NPI-Q 3.0±2.4 2.8±2.6 2.2±3.1 0.6±1.3 <0.01b

GD scale 1.0±0.9 1.8±2.4 2.8±3.1 0.7±1.0 <0.01b

FAQ 16.3±7.6 5.4±6.2 3.2±4.0 0.2±0.7 <0.01 b

MMSE = Mini-mental State Examination;  Global CDR = Global Clinical Dementia Rating; NPI-Q = Neuropsychiatric Inventory Questionnaire; GD Scale = Geriatric Depression 
Scale;, FAQ = Functional Assessment Questionnaire;  values are means ± SD. 
aThe P value for gender distribution in the four groups was obtained by chi-square test. 
bThe P value were obtained by one-way analysis of variance tests.
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statistical parametric mapping software package (SPM5, 
http://www.fil.ion.ucl.ac.uk/spm). The first 10 volumes of 
the functional images were discarded to allow the signal to 
reach equilibrium and participants' adaptation to the scan-
ning noise. The remaining 130 fMRI images were first cor-
rected for within-scan acquisition time differences between 
slices and then realigned to the first volume to correct for 
inter-scan head motion. One AD patient, one EMCI patient 
and four normal controls were excluded according to the 
criteria that head motion was restricted to less than 2 mm of 
displacement or 2 degrees of rotation in any direction. The 
individual structural image was co-registered to the mean 
functional image after motion correction using a linear trans-
formation. The transformed structural images were then 
segmented into gray matter (GM), white matter (WM) and 
cerebrospinal fluid (CSF) by using a unified segmentation 
algorithm [22]. The motion corrected functional volumes 
were spatially normalized to the Montreal Neurological Insti-
tute (MNI) space and re-sampled to 3 mm isotropic voxels 
using the normalization parameters estimated during unified 
segmentation. Subsequently, the functional images were spa-
tially smoothed with a Gaussian kernel of 4 � 4 � 4 mm3 full 
width at half maximum (FWHM) to decrease spatial noise. 
Following this, temporal filtering (0.01 Hz < f < 0.08 Hz) 
was applied to the time series of each voxel to reduce the 
effect of low-frequency drifts and high-frequency noise [23].  

ALFF Analysis 

 ALFF was calculated using Resting-State fMRI Data 
Analysis Toolkit (http://resting-fmri.sourceforge.net) [24], 
and the calculation procedure was the same as that reported 
in previous studies [12, 14, 25]. For a given voxel, the fil-
tered time series was first converted to the frequency domain 
using a Fast Fourier Transform. The square root of the power 
spectrum was computed and then averaged across 0.01-0.08 
Hz. This averaged square root was termed ALFF at the given 
voxel [10]. To reduce the global effects of variability across 
participants, the ALFF of each voxel was divided by the 
global mean ALFF value for each subject, which reflects, in 
a given voxel, the degree of its raw ALFF value relative to 
the average ALFF value of the whole brain. All the ALFF 
computations were restricted in the mask where the mean 
GM intensity across all subjects were larger than 0.15 (for 
details, see the following "structural image analysis" sec-
tion). 

Structural Image Analysis 

 Brain atrophy may cause a partial volume effect in func-
tional imaging techniques [26]. To control for the potential 
impact of atrophy on the functional results, a voxel-based 
morphometry (VBM) analysis of structural images was 
firstly performed. Individual structural images were co-
registered to the mean functional images after motion correc-
tion using a linear transformation [27]. GM intensity maps 
were obtained by the unified segmentation algorithm [22] as 
described in "FMRI Data Preprocessing" section. Individual 
GM maps were further modulated to compensate for the ef-
fect of spatial normalization using a linear and nonlinear 
method. After spatially smoothing with a Gaussian kernel of 
10 mm FWHM, a one-way analysis of covariance (AN-
COVA) test was performed on the smoothed GM intensity 

maps, with age and sex as covariates. The resultant images 
were used to identify the brain regions with GM loss. The 
statistical threshold was set at p < 0.001 and cluster size > 
540 mm3, which corresponded to a corrected p < 0.05 (using 
the AlphaSim program with parameters: FWHM= 10 mm, 
within the GM mask). 

Statistics

 Distributions of age, MMSE, Global CDR, NPI-Q, GD 
scale and FAQ scores among the four groups were compared 
by using one-way analysis of variance (ANOVA), and chi-
square test was applied to compare gender distributions. 
 Unless otherwise stated, all imaging statistical analyses 
were conducted by using software REST. To determine the 
effects of group, we performed a one-way ANCOVA on a 
voxel-by-voxel basis of ALFF maps, with age, sex and GM 
volume as covariates. Then, post hoc two-sample t-tests were 
performed to identify difference between each pair of groups 
by using the above-mentioned covariates (corrected P<0.05 
based on AlphaSim. Brain regions showing significant group 
differences were identified as masks). For those clusters 
showing significant main effects between groups, region of 
interest (ROI) analysis were further performed on ALFF 
values of each cluster to shown the relative patterns. 

Imaging-behavior Correlation 

 In order to determine whether the ALFF index varied 
with disease progression in EMCI, LMCI and AD patients, 
correlation analyses between the fitted ALFF index and each 
of the clinical variables (scores of MMSE, NPI-Q, GD Scale, 
and FAQ) were performed after regressing out age and gen-
der effects.  

RESULTS 

 There were no significant differences between NC, 
EMCI, LMCI and AD patients in gender and age, but the 
MMSE, Global CDR, NPI-Q, GD scale and FAQ scores 
were significantly different (P < 0.01) between the four 
groups, with a linear trend of AD<LMCI<EMCI<NC for 
MMSE and GD scale, and a reverse linear trend of 
AD>LMCI>EMCI>NC for Global CDR, NPI-Q and FAQ.  

VBM Analysis 

 It was found that the four groups of participants had sig-
nificant GM differences in bilateral hippocampus (BA 
28/34), bilateral middle/inferior temporal gyrus (MTG/ITG, 
BA 20/21), bilateral insula (BA 13), bilateral inferior parietal 
lobule (IPL, BA 7/40), bilateral postcentral gyrus (PosCG, 
BA 1/2), right superior frontal gyrus (SFG, BA 9), right su-
perior frontal medial cortex (SFMC, BA 9), right angular 
gyrus (AG, BA 7) and right precentral gyrus (PreCG, BA 6) 
(Table 2 and Fig. 1). The global maximum was located in the 
right hippcampus.

ALFF Analysis 

 The ANOCVA analysis showed that the four groups had 
significant ALFF differences in the bilateral posterior cingu-
late cortex extending into calcarine sulcus (PCC/CS, BA 
23/30/31), left precuneus/paracentral lobule (PCu/PCL, BA 5),
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Table 2. Group differences of gray matter density among four groups (NC, EMCI, LMCI and AD) using ANOCVA, with age and 
sex as covariates. 

Coordinate 
Regions BA Cluster Size 

x y z
T

Left Hippocampus 34 706 -22 -12 -16 13.97 

Left Inferior Temporal Gyrus 20 48 -64 -32 -20 10.39 

Left Middle Temporal Gyrus 21 43 -64 -44 -10 9.57 

Left Insula 13 33 -42 -14 6 8.80 

Left Posterior Cingulate Cortex 31 27 -12 -42 18 9.99 

Left Inferior Parietal Lobule 7 119 -34 -62 50 12.59 

Left Inferior Parietal Lobule 40 37 -54 -42 50 10.50 

Left Postcentral Gyrus 2 24 -40 -36 64 10.31 

Left Cerebellum 20 -20 -48 -42 9.62 

Right Superior Frontal Medial Cortex 9 44 10 54 46 10.34 

Right Superior Frontal Gyrus 9 21 22 44 38 10.00 

Right Hippocampus 28 1934 34 -22 -16 25.42 

Right Inferior Temporal Gyrus 21 178 46 2 -42 14.83 

Right Middle Temporal Gyrus 21 127 60 -8 -14 11.29 

Right Middle Temporal Gyrus 21 530 66 -28 -16 13.59 

Right Insula 13 32 40 14 2 9.92 

Right Postcentral Gyrus 1 37 58 -18 48 9.47 

Right Angular Gyrus 7 65 34 -70 50 9.98 

Right Precentral Gyrus 6 42 54 -6 50 12.36 

Right Inferior Parietal Lobule 40 94 52 -38 52 13.10 

right cingulate gyrus (CG, BA 32), right PCu (BA 31), right 
lingual gyrus (LG, BA19), right parahippocampal gyrus 
(PHG, BA 36) and right thalamus (Table 3 and Fig. 2). Table 
S1 in the supplemental material showed the results of the 
post-hoc pair-wise comparisons.  
 We further defined the nine clusters identified in the pre-
vious ANOCVA analysis as ROIs (Table 3 and Fig. 2). The 
fitted ALFF values of each ROI were shown in (Fig. 3). For 
the right FG, there is a trend of AD>LMCI>EMCI>NC, 
while the trends are AD<LMCI<EMCI<NC for the other 
eight ROIs.  

Correlations Between ALFF and Neuropsychological 
Measures 

 As shown in (Fig. 4), GD scale was negatively correlated 
with ALFF in right thalamus (r=-0.535, p=0.002) and left 
PCu/PCL (r=-0.504, p=0.004) for LMCI, and near to be sig-
nificantly correlated with ALFF in right thalamus (r=-0.536, 
p=0.006) for EMCI. As shown in (Fig. 5-7), MMSE is sig-
nificantly correlated with ALFF in many regions for patients 
but not for controls. (Fig. 5) showed that MMSE was posi-

tively correlated with ALFF in right PCu (r=0.745, p=0.003) 
and PCC (r=0.714, p=0.005) for AD. (Fig. 6) showed that 
MMSE was positively correlated ALFF in right LG 
(r=0.500, p=0.004), left PCC/CS (r=0.546, p=0.002), right 
PCC/CS (r=0.542, p=0.002), right thalamus (r=0.488, 
p=0.005), right PCu (r=0.557, p=0.001), right PCC (r=0.576, 
p=0.001) and right PCu/PCL (r=0.516, p=0.003) for LMCI. 
(Fig. 7) showed that MMSE was negatively correlated with 
ALFF in right PHG (r=-0.590, p=0.003), and positively cor-
related with ALFF in right PCC/CS (r=0.613, p=0.002), right 
PCu (r=0.595, p=0.003) and right PCC (r=0.610, p=0.002) 
for EMCI. The P values were corrected for multiple com-
parison using Bonferroni test (P<0.05/9; as shown in Table 
3, 9 clusters were identified.). All the other correlations were 
not significant. Additionally, both in patients and controls, 
neither ROI was correlated with NPI-Q and FAQ. 

DISCUSSION 

 The novelty of the present study lies in the fact that we 
investigate the intrinsic or spontaneous brain activity 
changes in EMCI, LMCI and AD by measuring the ALFF 
values of rs-fMRI signals. This may add to the efforts to the
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Fig. (1). Maps of GM volume differences among the EMCI, LMCI, AD, and healthy controls using a voxel-based-mophometry method. The 
statistical threshold was set at a corrected p<0.05 using the AlphaSim method. 

Table 3. ALFF Group differences of four groups (NC, EMCI, LMCI and AD) using ANOCVA, with age, sex and structural atro-
phy as covariates. 

Coordinate 
Regions BA Cluster Size 

x y z
T

Left Posterior Cingulate Cortex/Calcarine Sulcus 30 80 -12 -60 9 8.02 

Left Precuneus/Paracentral Lobule 5 145 0 -42 54 8.77 

Right Posterior Cingulate Cortex/Calcarine Sulcus 31 259 9 -72 21 9.77 

Right Cingulate Gyrus 32 83 6 9 39 8.60 

Right Precuneus 31 22 18 -54 24 7.97 

Right Posterior cingulate Cortex 23 127 -3 -33 27 8.76 

Right Thalamus 106 15 -9 12 7.00 

Right Lingual Gyrus 19 37 15 -45 -6 7.11 

Right Parahippocampal Gyrus 36 39 36 -36 -15 10.91 

early diagnosis of AD. We found that there were significant 
differences in ALFF values among the EMCI, LMCI and AD 
patients, and healthy elderly in cingulate regions, thalamus, 
parahippocampal gyrus (PHG) and lingual gyrus (LG). Of 
these, increased ALFF values were observed in all three 

groups of patients in the right PHG regions. In contrast, de-
creased ALFF values were mainly observed in default mode 
network (DMN) regions (mainly including posterior cingu-
late cortex (PCC), precuneus (PCu)), right thalamus and 
right LG. Specifically, the most significant ALFF difference
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Fig. (2). ALFF statistical maps with group differences. These regions are identified by ANOVCA, with age, sex, and structural atrophy as
covariates. The statistical threshold was set at a corrected p<0.05 using the AlphaSim method. 

Fig. (3). Fitted ALFF values of nine regions with significant group differences among four groups (NC, EMCI, LMCI and AD). (See Table 
S2) in the supplemental material for statistical p values of pair-wise comparisons. These regions are identified by ANOVCA, with age, sex, 
and structural atrophy as covariates. Right Paraphippocampal Gyrus = Rt. PHG; Right Lingual Gyrus = Rt.LG; Left Posterior Cingulate Cor-
tex/Calcarine Sulcus = Lt.PCC/CS; Right Posterior Cingulate Cortex/Calcarine Sulcus = Rt. PCC/CS; Right Cingulate Gyrus = Rt.CG; Right 
Precuneus = Rt.Pcu; Right Posterior Cingulate Cortex = Rt.PCC; Left Precuneus/Paracentral Lobule/ = Lt.PCu/PCL. 

Fig. (4). GD scale score showed negative correlation with ALFF values in the right thalamus and PCu/PCL for LMCI patients, and in the 
right thalamus for EMCI patients. 
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Fig. (5). ALFF in the right PCu and PCC showed significantly positive correlation with MMSE for AD patients. 

Fig. (6). ALFF in seven clusters located at the right LG, thalamus, PCu, PCC and bilateral PCC/CS showed significantly positive correlation 
with MMSE for LMCI patients. 

among the four groups appeared in the right PCC extending 
into calcarine sulcus (CS), and both the increased and the 
decreased ALFF in the previous brain regions followed a 
general linear pattern of AD < LMCI < EMCI < NC or AD > 
LMCI > EMCI > NC. We also found that many brain regions 
with group ALFF differences showed significant correlations 

with the performance of cognitive function measured with 
MMSE, and with the emotion state measured with GD scale. 
Our results suggest that the ALFF measurement of intrinsic 
or spontaneous brain activity could be useful to characterize 
the early physiological changes of the EMCI stage of AD. 
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Decreased ALFF in EMCI, LMCI and AD 

 We found that EMCI, LMCI and AD patients all showed 
decreased ALFF in PCC extending into CS, and PCu extend-
ing into paracentral lobule (PCL), which were key DMN 
regions [28, 29]. DMN activity impairments were considered 
to be highly related to AD and MCI [18, 30]. Specifically, 
PCC always showed the most significant group differences 
between MCI/AD patients and controls, with a general pat-
tern of AD < MCI < healthy elderly [14]. In the current 
study, the identified DMN regions showed a tendency of 
AD<LMCI<EMCI<NC, and right PCC was the maximum 
location with group difference using ANOCVA. It was also 
found that ALFF values in right PCC and PCu were signifi-
cantly positively correlated with cognitive impairment as 
measured by MMSE for EMCI, LMCI and AD patients, but 
not for NC (Fig. 5-7). These results further demonstrated the 
DMN abnormalities in AD and MCI [15-18, 31-35], and 
suggested that PCC ALFF activity might be a sensitive 
marker for early diagnosis of AD. Moreover, these findings 
might imply that the early diagnosis of AD could be ad-
vanced to an earlier stage of EMCI based on PCC activity.  
 We also found ALFF in thalamus was significantly re-
duced in three groups of patients with a linear pattern of 
AD<LMCI<EMCI<NC. This is consistent with the previous 
findings of altered thalamus functional connectivity [36, 37] 
in MCI and AD. Therefore, congruent with previous reports, 
it was postulated that the impaired thalamus may be related 
to cognitive dysfunction of patients, as ALFF in this regions 
is positively correlated with MMSE for LMCI. An alterna-
tive explanation was that the impairment of thalamus activity 
might be related to depression in patients, as all three groups 
of patients had significant depression symptoms (Table 1), 
and ALFF in right thalamus was negatively correlated with 
GD scale both for EMCI and LMCI. We argued that the two 
explanations were not competitive, but might co-exist, be-
cause the thalamus complex is a critical component of the 

frontal cortical-basal ganglia-thalamic circuits that mediate 
motivation and emotional drive, planning and cognition for 
the development and expression of goal-directed behaviors 
[38]. 

 LG was found to show decreased ALFF in patients with a 
general pattern of AD<LMCI<EMCI<NC. This is consistent 
with some previous findings in MCI and AD. For example, 
Using graph analysis, Yao et al. [39] found that, compared 
with NC, the nodal centrality of MCI and AD significantly 
decreased in the left LG and other regions, and compared 
with MCI, the nodal centrality in AD showed significant 
decreases in the right LG. Additionally, the present study 
found a significantly positive correlation between ALFF in 
right LG and MMSE for LMCI, and similar to EMCI and 
AD, although not significant. These results drive us to con-
clude that LG might be an important region reflects the cog-
nitive impairment of EMCI, LMCI and AD.  

Increased PHG ALFF in EMCI, LMCI and AD 

 We observed increased ALFF in right PHG for the three 
groups of patients with a linear tendency of AD>LMCI> 
EMCI>NC. This is congruent with previous reports that 
showed increased activation in PHG during episodic memory 
encoding [40] and a significant increase in the interregional 
correlations in PHG in MCI and AD, as compared with NC 
[39]. This phenomena may represent a compensatory process 
(i.e., increased neuronal recruitment) in the setting of early 
pathology. This explanation is reinforced by our observation 
that more severe cognitive deficits (measured by MMSE) are 
associated with higher ALFF values in PHG for EMCI. 
Would it be possible that increased ALFF in PHG will be 
more prominent in early MCI as a compensation mecha-
nism? A long-term follow-up fMRI study of EMCI patients 
with a larger population is still required in the future.  

Fig. (7). MMSE showed significantly positive correlation with ALFF in three clusters located at right PCC/CS, PCu and PCC, while negative
correlation with ALFF in a cluster of right PHG, for EMCI patients.
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Physiological Implications of ALFF Alterations in EMCI, 
LMCI and AD 

 ALFF is a data-derived measure, and its physiological 
significance is still unclear [10-11]. Recently, Li et al. [41] 
examined the cerebral blood flow (CBF) correlations of 
ALFF, and found that ALFF is highly and reliably correlated 
with CBF in most of brain cortex. These findings demon-
strated that ALFF are coupled with regional CBF and are 
therefore linked to regional spontaneous brain activity. In 
terms of the apparent link between ALFF and CBF, this 
study is directly comparable with a previous arterial spin 
labeling (ASL) study. Using ASL, Wang et al. [42] also 
found a a gradually decreased CBF in controls, EMCI, 
LMCI, and AD in a predetermined set of regions, which is 
highly overlapped with the identified regions in this study. 
These findings suggested that the alterations in EMCI, LMCI 
and AD measured by using ALFF may reflect the CBF 
changes in these patients. 

Limitations 

 There are still technical and biological limitations in the 
current study. First, the head motion of the participants may 
affect our results. However, the mean translation and roll 
rotation among the six translations and rotations parameters 
in x, y, or z directions show no significant differences among 
EMCI, LMCI, AD and NC (p>0.1). We also analyzed the 
data by taking the head-motion parameters as covariates, and 
found that the results remained nearly unchanged. It implies 
that our results were not significantly influenced by the head 
motion. Second, although the fMRI time series is band-pass 
filtered to reduce the effects of very low frequency and high 
frequency physiological noise including respiratory and ali-
ased cardiac signals, it should be noted that the cardiac sig-
nals (about 1.3 Hz) cannot be removed completely with the 
longer TR (e.g., 2 s) acquisition according to the Nyquist-
Shannon sampling theorem.  

CONCLUSIONS 

 In this study, we provided evidence that EMCI, LMCI 
and AD patients had abnormal LFO amplitude in many brain 
regions, including PCC, PCu, thalamus, LG and PHG. These 
results extended our knowledge well beyond the previous 
MCI/AD-related findings, and suggested that ALFF measure 
is a useful bio-marker to detect the earlier AD changes in the 
EMCI stage. Thus, this study offers insights into understand-
ing the disease progression of the brain’s intrinsic activities 
from healthy elderly to those with EMCI, LMCI and AD. 
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