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Resting-state abnormalities in amnestic mild cognitive
impairment: a meta-analysis
WKW Lau1,2,6, M-K Leung2,3,6, TMC Lee2,3,4,5 and ACK Law1,4

Amnestic mild cognitive impairment (aMCI) is a prodromal stage of Alzheimer’s disease (AD). As no effective drug can cure AD, early
diagnosis and intervention for aMCI are urgently needed. The standard diagnostic procedure for aMCI primarily relies on subjective
neuropsychological examinations that require the judgment of experienced clinicians. The development of other objective and
reliable aMCI markers, such as neural markers, is therefore required. Previous neuroimaging findings revealed various abnormalities
in resting-state activity in MCI patients, but the findings have been inconsistent. The current study provides an updated activation
likelihood estimation meta-analysis of resting-state functional magnetic resonance imaging (fMRI) data on aMCI. The authors
searched on the MEDLINE/PubMed databases for whole-brain resting-state fMRI studies on aMCI published until March 2015.
We included 21 whole-brain resting-state fMRI studies that reported a total of 156 distinct foci. Significant regional resting-state
differences were consistently found in aMCI patients relative to controls, including the posterior cingulate cortex, right angular
gyrus, right parahippocampal gyrus, left fusiform gyrus, left supramarginal gyrus and bilateral middle temporal gyri. Our findings
support that abnormalities in resting-state activities of these regions may serve as neuroimaging markers for aMCI.
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INTRODUCTION
Mild cognitive impairment (MCI) refers to an intermediate state
between the cognitive changes of normal aging and the
symptomatic pre-dementia stage.1 The prevalence of MCI is
10–20% in adults aged 65 years or above, and more than 50% of
MCI patients progress to dementia within 5 years.2,3 These figures
draw great attention from clinicians and society at large because
there is currently no effective drug that can cure dementia. MCI
can be subdivided into amnestic (characterized by primarily
memory impairment) and non-amnestic (characterized by execu-
tive function impairment) types based on the neuropsychological
symptom profile. Amnestic MCI (aMCI) is generally regarded as a
prodromal stage of Alzheimer’s disease (AD), with an annual
conversion rate of up to 25%.2,4 This indicates the importance of
early diagnosis and intervention for people with aMCI. Indeed,
delayed MCI diagnosis in people with high education has been
reported to impact mortality.5 According to the National Institute
on Aging–Alzheimer’s Association workgroups,6 the criteria for
MCI include (1) a change in cognition, in comparison with the
person’s prior level; (2) lower performance in one or more
cognitive domains that is greater than what would be expected
for the patient’s age and educational background; (3) indepen-
dence of function in daily life is generally maintained but is less
efficient compared with the past, and minimal aids may be
required; and (4) the person is not demented. The standard
diagnostic procedure of MCI primarily relies on subjective
neuropsychological examinations that require the judgment of
experienced clinicians. The development of other objectives and

reliable MCI markers, such as neural markers,2 is therefore
required.
There is a growing interest in the use of resting-state functional

magnetic resonance imaging (fMRI) to explore the neurophysio-
logical mechanisms associated with aMCI owing to its noninvasive
and task-free nature. The term ‘resting state’ refers to spontaneous
brain activity during a passive (resting) state when one is lying
quietly with the eyes closed or passively viewing a stimulus.7 In
fact, resting-state activity is influenced by self-consciousness,
ongoing thoughts, states of alertness and readiness to process
stimuli from the outside world.8 Previous studies using fMRI have
revealed a highly stereotypical pattern of spontaneous activity in a
number of brain regions, namely the default mode network that
manifests greater activity during passive task states compared
with various active task states.9–11 Numerous studies have
attempted to work out the difference in resting-state activity
between MCI patients and healthy age-matched controls. How-
ever, the findings have been inconsistent, which might be due to
the inclusion of different types of MCI patients, and/or the use of
different methods across studies.
A systemic and quantitative analysis is highly warranted to

delineate the meanings of the existing findings in the field. To our
knowledge, only one meta-analysis has explored the difference in
resting-state activity in MCI and controls.12 In the Supplementary
Materials of this article, the authors reported reduced resting-state
activity in the middle temporal gyrus, middle frontal gyrus, medial
frontal gyrus and precuneus, and increased resting-state activity in
a large cluster spanning the temporo-parietal parts of the brain in
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MCI patients from 17 independent studies. The included MCI
patients were heterogeneous, including subcortical vascular MCI
(svMCI) patients13 who might have a different pathophysiology
compared with aMCI. Such heterogeneity likely impacted on the
consistency of the results, given the small number of included
studies. In particular, reduced resting-state activity was previously
reported in the posterior cingulate cortex (PCC),14 hippocampal
and parahippocampal regions15 in aMCI patients, such that the
decreased PCC activity during resting state was further amplified
in AD compared with aMCI.14 However, these findings were not
confirmed by the previous meta-analysis study.12 Hence, the
present analysis aimed to comprehensively review the abnorm-
alities in resting-state activity in aMCI patients specifically, who
have a high risk of conversion to AD, using activation likelihood
estimation (ALE). An updated ALE analysis focusing on aMCI
patients could provide a reasonable means to resolving discre-
pancies in previously reported findings.

MATERIALS AND METHODS
A comprehensive online literature search on the MEDLINE/PubMed
databases was conducted, focusing on functional neuroimaging studies
on MCI. Keyword searches were conducted using the following search
terms: (1) ‘neuroimaging’ oOR4 ‘fMRI,’ (2) ‘resting state’ OR ‘default
network’ and (3) ‘mild cognitive impairment’ oOR4 ‘MCI.’ These searches
were confined to articles published in English up to March 2015, which
yielded 228 original or review articles. We also searched through the
reference lists of relevant review articles. From these research articles, we
included studies that reported Montreal Neurological Institute (MNI) or
Talairach16 coordinates of whole-brain contrast comparing the amnestic
type of MCI and healthy controls. Two of the authors (WKWL and MKL)
confirmed the inclusions of the identified studies. For included articles that
reported only brain images, we attempted to obtain the MNI or Talairach
coordinates from the corresponding author(s) via email (three out of eight
studies replied). Studies were excluded if (1) only non-amnestic MCI or only
subtypes of aMCI were included; (2) no control group was included; (3)
patients had a history of neurological, psychiatric or any systemic disease
that could affect cognitive functions (for example, stroke, depression,
alcoholism and drug abuse); (4) a priori region of interest analysis or a
seed-based functional connectivity analysis was conducted; or (5) the
effects of medication were tested without reporting fMRI data at baseline.
One study contained multiple independent patient samples; the appro-
priate coordinates were extracted as two separate experiments.17 We did
not intentionally exclude studies that used a modality other than fMRI, nor
focused on a particular analytic approach. As a result, the methods used in
our included studies covered the following approaches: regional homo-
geneity, amplitude of low-frequency fluctuations and independent
component analysis. Overall, 21 fMRI studies (22 experiments) reporting
156 foci were included for the ALE meta-analysis (Table 1). One of them
used the arterial spin labeling perfusion MRI technique to measure resting-
state abnormality in cerebral blood flow in aMCI.
GingerALE version 2.3.2 (The BrainMap Database, www.brainmap.org;

San Antonio, TX, USA) was used to conduct the coordinate-based ALE
analysis, which is a widely used technique for synthesizing neuroimaging
data.36–38 ALE estimates the convergence of significant effects in terms of
foci across different neuroimaging studies. Coordinates in Talairach space
were imported into the software. If coordinates were reported in MNI
space, the ‘icbm2tal’ algorithm was used to transform them into Talairach
space.39 For coordinates that had been transformed to Talairach space by
brett-transformation, they were first ‘un-bretted’ into MNI space before
applying Lancaster’s transformation. Imported foci were modeled as three-
dimensional Gaussian spatial probability distributions using a full-width-
half-maximum kernel estimated based on the corresponding experiment’s
sample size.38 These probability distributions were combined into a
modeled activation map using the ‘non-additive’ method.37 Next, the
union of the modeled activation maps of each experiment was created to
form the ALE image that contains the combined probability distribution of
finding an activation being located at that particular voxel (that is, ALE
scores). The ALE image was then thresholded using uncorrected Po0.001
and a cluster-level inference threshold of Po0.05 with 1000 permutations
of simulated random data based on the characteristics of the imported
data.36 In the cluster-level inference, contiguous voxels (that is, clusters)
that exceed the cluster-forming threshold were compared against the

simulated random clusters. The cluster-inference threshold approach is
considered optimal because it is more stringent than uncorrected voxel-
level thresholds and less conservative than conventional false discovery
rate and family-wise error rate corrections. Clusters contributed by a single
study only were not reported even if they exceeded the cluster-inference
threshold. A total of two ALE analyses were conducted for each contrast
(healthy control4aMCI or healthy controloaMCI) in all aMCI patients.

RESULTS
aMCI patients showed decreases in resting-state activity compared
with healthy controls in the right and medial PCC (Brodmann area/
BA23 and 31), right angular gyrus (BA39, extending to the right
middle temporal gyrus, BA19), right parahippocampal gyrus
(BA35) and left fusiform gyrus (BA37) (Figure 1a and Table 2).
Furthermore, aMCI patients showed increases in resting-state
activity in the left middle temporal gyrus (BA39) and left
supramarginal gyrus (BA40) (Figure 1b and Table 2).

DISCUSSION
The results of the current aggregate analyses demonstrated
reduced resting-state activity in the middle temporal gyrus in
aMCI compared with controls, which is consistent with a previous
meta-analysis report.12 In addition, reduced resting-state activity
was also found in the PCC, right angular gyrus, right parahippo-
campal gyrus and left fusiform gyrus that were not reported in the
previous ALE study.12 Importantly, the absence of reduced resting-
state activity in these regions in the previous ALE study included a
heterogeneous sample of MCI patients (that is, aMCI and svMCI),
suggesting that the two subtypes of MCI may possess distinct
pathophysiological characteristics. In fact, increases in resting-
state activity in the PCC have been reported in patients with
svMCI.13 This further supports our hypothesis that reduced
resting-state activity in the PCC may be unique to aMCI patients
compared with other subtypes such as svMCI.
Episodic memory decline is the most prominent cognitive

impairment marker that is used to differentiate aMCI patients from
age-matched healthy controls.40 Brain regions including the PCC,
parahippocampal gyrus, inferior and middle temporal gyri are
associated with many cognitive processes, including episodic
memory.29,41–44

Decreases in resting-state activity in the PCC were consistently
observed in patients with aMCI compared with controls. Accord-
ing to the literature, metabolic reductions in the PCC are present
in very early AD, even before a definitive clinical diagnosis,45

which corroborates our findings. The PCC is mainly involved in
episodic memory processing.41,42 Abnormal connectivity was
found between the PCC and the hippocampus in early AD.46

Furthermore, positive correlations have been reported between
the resting-state activity of the PCC and mini-mental state
examination scores in MCI and AD, suggesting that resting-state
activity changes in this region are associated with altered
cognitive performance.17,23

Decreased gray matter volume (GMV) in the PCC has been
reported in both MCI and AD compared with controls using MRI
volumetric measurements,47,48 which could lead to a reduction in
resting-state activity. To confirm that the reduction in resting-state
activity of the PCC was not driven by brain atrophy, a small
subgroup analysis was performed using 7 studies (38 foci) that
reported resting-state abnormalities after corrected for GMV or the
reported resting-state abnormalities did not overlap with the
reported GMV reduction (Supplementary eTable 1). The resting-
state hypoactivation in the medial PCC was maintained in aMCI
patients in this subgroup analysis (Supplementary eTable 2). This
finding suggests that the reduction in resting-state activity of the
PCC may be independent of the GMV changes in aMCI patients.
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Table 1. List of included studies on resting state in aMCI

Study Method of analysis N Age, mean (s.d.), years Education, mean (s.d.), years MMSE, mean (s.d.) Contrasts Foci

Xu et al.18 ASL 10 MCI 77.0 (4.5) 13.7 (2.7) 27.8 (1.5) HC4MCI 1
12 HC 70.0 (3.9) 15.6 (2.1) 29.6 (0.8)

Sorg et al.19 ICA 24 MCI 69.3 (8.1) 27.7 (1.1) HC4MCI 21
16 HC 68.1 (3.8) 29.6 (0.5)

Bai et al.20 ReHo 20 MCI 71.3 (3.8) 14.0 (3.1) 27.2 (1.6) HC4MCI 9
20 HC 69.4 (3.8) 13.8 (4.0) 28.3 (1.4) MCI4HC 4

Qi et al.21 ICA 14 MCI 71.8 (7.3) 11.6 (1.0) 26.6 (0.3) HC4MCI 7
14 HC 70.4 (5.8) 10.0 (0.9) 28.5 (0.2) MCI4HC 5

Zhang et al.22 ReHo 48 MCI 72.0 (4.4) 15.5a 27.0a HC4MCI 9
36 HC 71.6 (3.7) 16.0a 29.0a MCI4HC 3

Wang et al.23 ALFF 16 MCI 69.4 (7.0) 10.9 (3.4) 26.5 (1.0) HC4MCI 5
22 HC 66.6 (7.7) 10.0 (3.9) 28.6 (0.6) MCI4HC 4

Bai et al.24 ICA 26 MCI 71.4 (4.3) 13.8 (2.8) 27.2 (1.5)
18 HC 70.3 (4.7) 15.1 (3.1) 28.3 (1.3) MCI4HC 2

Xi et al.15 ALFF 18 MCI 67.3 (7.9) 12.4 (3.2) 24.8 (3.8) HC4MCI 3
20 HC 64.7 (5.6) 12.2 (2.5) 28.2 (1.8) MCI4HC 2

Han et al.25 ALFF 17 MCI 69.7 (7.6) 8.8 (4.0) 25.2 (3.5) HC4MCI 6
18 HC 66.5 (6.2) 8.4 (5.6) 29.2 (0.7) MCI4HC 6

Bai et al.26 ALFF 43 MCI 72.0 (4.8) 13.6 (3.0) 27.1 (1.5) HC4MCI 1
30 HC 73.0 (3.5) 14.9 (2.7) 28.2 (1.4) MCI4HC 1

Wang et al.27 BOLD 8 MCI 66.4 (11.0) 10.6 (3.5) 25.4 (1.3) HC4MCI 2
14 HC 66.1 (5.8) 11.0 (4.5) 28.0 (1.4) MCI4HC 9

Zhuang et al.28 ALFF 47 MCI 72.0 (4.8) 15.9 (11.4) 27.0 (1.5) HC4MCI 1
33 HC 72.8 (3.4) 14.7 (2.9) 28.2 (1.3) MCI4HC 1

Song et al.14 ICA 18 MCI 70.2 (7.9) 9.4 (4.8) 21.9 (5.0) HC4MCI 1
21 HC 65.0 (8.1) 11.0 (4.4) 28.5 (1.4)

Xi et al.29 ALFF 18 MCI 67.4 (7.7) 12.3 (3.2) 25.2 (3.4) HC4MCI 3
18 HC 65.4 (5.8) 12.3 (2.4) 28.1 (1.8) MCI4HC 2

Zhou et al.30 ALFF 17 MCI 67.0 (7.9) 11.1 (3.3) 26.4 (2.1) HC4MCI 3
17 HC 63.8 (5.8) 11.7 (3.0) 28.6 (1.1) MCI4HC 4

Zhao et al.2 ALFF 20 MCI 65.1 (9.9) 11.8 (3.3) 25.2 (2.2) HC4MCI 7
18 HC 66.8 (7.4) 12.0 (2.9) 29.3 (1.2) MCI4HC 3

Liang et al.17 BOLD 24 MCI 72.8 (6.6) 28.1 (1.5) HC4MCI 2
35 HC 74.3 (5.9) 28.9 (1.6)

Liang et al.17 BOLD 29 MCI 73.2 (7.3) 27.1 (2.3) HC4MCI 7
35 HC 74.3 (5.9) 28.9 (1.6)

Liu et al.31 ALFF 46 MCI 71.9 (4.9) 13.8 (2.6)a 27.1 (1.4)a HC4MCI 1
32 HC 72.8 (3.5) 14.2 (2.5)a 28.3 (1.1)a MCI4HC 1

Liu et al.32 ReHo 12 MCI 59.3 (3.3) 10.5 (1.8) 26.4 (0.9) HC4MCI 4
12 HC 60.6 (5.8) 10.6 (2.1) 29.8 (0.4) MCI4HC 4

Wang et al.33 ReHo 30 MCI 69.1 (5.8) 26.2 (2.2) HC4MCI 5
32 HC 70.1 (5.5) 28.1 (1.5) MCI4HC 6

Zhou et al.34 fALFF 17 MCI 76.7 (5.5) 26.1 (0.7) HC4MCI 1
14 HC 76.3 (8.3) 29.2 (0.4)

Abbreviations: ALFF, amplitude of low-frequency fluctuations; aMCI, amnestic mild cognitive impairment; ASL, arterial spin labeling; BOLD, blood oxygen level
dependent; fALFF, fractional AlFF; HC, healthy control; ICA, independent component analysis; MCI, mild cognitive impairment; MMSE, mini-mental state
examination; ReHo, regional homogeneity. aMean and s.d. were estimated from median or calculated according to the formulas published by Hozo et al.35
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Whether the atrophy of the PCC in MCI or AD patients is driven by
an early change in brain functional activity requires further study.
Reduced resting-state activity in fusiform gyrus and parahippo-

campal gyrus may also contribute to memory deficits in aMCI
patients. For instance, the fusiform gyrus connects with the medial
temporal lobe, including the parahippocampal gyrus,49 which has
an accessory role in memory processes in healthy elderly
people.21,50 In addition, the previously reported positive associa-
tion between the resting state of the parahippocampal gyrus and
mini-mental state examination scores15 suggests a functional role
of the resting-state activity of the parahippocampal gyrus in
episodic memory.51

On the other hand, lower resting-state activity in the angular
gyrus in the inferior parietal lobule of aMCI patients may be
related to their poorer verbal working memory performance that
involves short-term storage and retrieval of phonological
representations.52,53 Taken together, hypoactivation of the above-
mentioned regions is a consistent physiological change in aMCI
patients, which may serve as a potential neuroimaging biomarker
for aMCI.
Decreases in resting-state activity of the medial frontal gyrus

and left middle frontal gyrus have been reported in a previous ALE
study that included different types of MCI patients.12 Indeed, a
previous study that reported a similar resting-state hypoactivity in
the medial frontal gyrus was conducted in svMCI patients
compared with controls,13 and the study was also included in
the previous ALE meta-analysis. We did not, however, observe any
significant hypoactivity in these regions in aMCI. One possible
explanation for the discrepancy is that the hypoactivity of these
prefrontal regions is not a defining feature of aMCI. Nevertheless,
more primary studies are needed to generate a clearer picture.
Increases in resting-state activity were found in the left middle

temporal gyrus and left supramarginal gyrus in aMCI patients

compared with controls, which is consistent with the previous ALE
study of MCI.12 One interpretation is that these regions are
activated to compensate for the reduction in function of other
brain regions. However, whether such hyperactivation of the brain
is truly a compensatory response or indicates other pathological
changes, such as excitotoxicity that triggers neuronal cell death,
requires more empirical studies to confirm.
Five studies that compared the spontaneous brain activity

between aMCI and controls were not included in the current
meta-analysis due to the unavailability of the resultant coordi-
nates. Consistent with our findings, hypoactivity in the PCC and/or
precuneus was commonly reported in aMCI patients compared
with controls in four out of the five studies.54–57 In contrast to our
findings, one study reported increased resting-state activity in the
orbitofrontal gyrus, anterior cingulate cortex, parahippocampal
gyrus, hippocampus and fusiform gyrus in multiple-domain aMCI
patients, which was interpreted as a compensatory mechanism for
the recruitment of cognitive resources in the patients.55 It is
possible that multiple impairments (in memory and at least one
other cognitive domain) in multiple-domain aMCI patients may
trigger such compensatory responses for cognitive resources that
were not present in our included aMCI patients. Another study
reported increased resting-state activity of the left inferior parietal
lobule in aMCI patients compared with controls, which was also
interpreted as a compensatory recruitment in aMCI patients.58 A
compensatory response may be sensitive to the stage of an illness,
and in fact, the inferior parietal lobule abnormality was regarded
as a sensitive marker for the transition from MCI to early stages of
AD.58 To further understand this difference between their result
and our meta-analytic findings, more information relating to the
disease severity is needed.
There are several limitations in the current meta-analysis. First,

although we tried to include studies that used similar diagnostic

Table 2. Resting-state abnormalities in aMCI patients compared with controls in 21 studies

Side Brain region BA Coordinates (Talairach) Volume (mm3) Extrema value

x y z

HC4MCI Right 23 12 − 56 18 0.0150
Medial Posterior cingulate 23 0 − 52 16 1472 0.0135
Right 31 4 − 52 24 0.0118

Angular gyrus 39 46 − 66 28 0.0189
Right Middle temporal gyrus 19 42 − 74 22 664 0.0139
Right Parahippocampal gyrus 35 22 − 20 − 26 312 0.0190
Left Fusiform gyrus 37 − 30 − 44 − 12 304 0.0155

MCI4HC Left Middle temporal gyrus 39 − 50 − 64 28 1280 0.0260
Supramarginal gyrus 40 − 54 −54 28 0.0192

Abbreviations: aMCI, amnestic mild cognitive impairment; BA, Brodmann area; HC, healthy control; MCI, mild cognitive impairment.

Figure 1. (a) Resting-state hypoactivation in patients with amnestic mild cognitive impairment (aMCI) compared with matched control
subjects (in blue). (b) Resting-state hyperactivation in patients with aMCI compared with matched control subjects (in red). AG, angular gyrus;
FG, fusiform gyrus; MTG, middle temporal gyrus; ParaHG, parahippocampal gyrus; PCC, posterior cingulate cortex; R, right; SupraMG,
supramarginal gyrus.
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criteria for aMCI,4,59 subject heterogeneity, such as subtypes of
aMCI that could influence neuroimaging results,60 cannot be ruled
out. Second, the significance level of the contributing results was
not taken into consideration by the current ALE technique.
Nonetheless, our study did adjust for the effect of different sample
sizes. Third, different analytic approaches and imaging modalities
could reveal different aspects of resting-state abnormalities in the
brain.61 For instance, regional homogeneity and amplitude of low-
frequency fluctuations measure the local synchrony and power
spectrum of low-frequency signals, respectively, whereas inde-
pendent component analysis separates linearly mixed low-
frequency signals, which are all indirect measures of neural
activity. In addition, arterial spin labeling perfusion MRI can
indirectly reflect the regional brain metabolism and neural activity
during resting state by measuring regional cerebral blood flow
during task-free condition. Nonetheless, different analytic
approaches and modalities could be complementary to each
other and provide a more complete picture of the field.61 Given
that the number of studies using each individual method is not
sufficient for conducting independent ALE studies, our results
represent a common pattern of resting-state abnormalities that
could be revealed across imaging methodologies and have high
generalizability toward understanding the neuropathology of
aMCI. As shown by our findings, different analytic approaches or
modalities could generate similar results, such that reduced
resting-state activity was found in PCC in most of our included
studies regardless of their analytic approaches or imaging
modality. Finally, other confounds such as mini-mental state
examination scores, age, gender and education levels that could
influence resting-state activity in aMCI could not be controlled for
in the current ALE analysis due to the limitation of the current
analysis technique. Future studies that incorporate these variables
as covariates would provide more conclusive findings on resting-
state abnormality in aMCI.

CONCLUSIONS
The current meta-analysis supports that abnormalities in resting-
state activity in the PCC, right angular gyrus (extending to middle
temporal gyrus), right parahippocampal gyrus, left fusiform gyrus,
left middle temporal gyrus and left supramarginal gyrus are
commonly found in aMCI patients. These regional abnormalities in
resting-state activity may serve as neuroimaging markers for the
early detection of aMCI.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGMENTS
This work was supported by the generous donation from Chow Tai Fook Charity
Foundation and Henderson Warmth Foundation.

REFERENCES
1 Petersen RC, Negash S. Mild cognitive impairment: an overview. CNS Spectr 2008;

13: 45–53.
2 Zhao Z, Lu J, Jia X, Chao W, Han Y, Jia J et al. Selective changes of resting-state

brain oscillations in aMCI: an fMRI study using ALFF. Biomed Res Int 2014; 2014:
920902.

3 Langa KM, Levine DA. The diagnosis and management of mild cognitive
impairment: a clinical review. JAMA 2014; 312: 2551–2561.

4 Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV et al. Current
concepts in mild cognitive impairment. Arch Neurol 2001; 58: 1985–1992.

5 Vassilaki M, Cha RH, Geda YE, Mielke MM, Knopman DS, Petersen RC et al.
Mortality in mild cognitive impairment varies by subtype, sex, and lifestyle factors:
the mayo clinic study of aging. J Alzheimers Dis 2015; 45: 1237–1245.

6 Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC et al. The
diagnosis of mild cognitive impairment due to Alzheimer’s disease: recommenda-
tions from the National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement 2011; 7: 270–279.

7 Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard DA, Shulman GL.
A default mode of brain function. Proc Natl Acad Sci USA 2001; 98: 676–682.

8 Buckner RL, Vincent JL. Unrest at rest: default activity and spontaneous network
correlations. Neuroimage 2007; 37: 1091–1096, discussion 7–9.

9 Binder JR, Frost JA, Hammeke TA, Bellgowan PS, Rao SM, Cox RW. Conceptual
processing during the conscious resting state. A functional MRI study. J Cogn
Neurosci 1999; 11: 80–95.

10 Greicius MD, Menon V. Default-mode activity during a passive sensory task: uncoupled
from deactivation but impacting activation. J Cogn Neurosci 2004; 16: 1484–1492.

11 McKiernan KA, Kaufman JN, Kucera-Thompson J, Binder JR. A parametric
manipulation of factors affecting task-induced deactivation in functional neuro-
imaging. J Cogn Neurosci 2003; 15: 394–408.

12 Li HJ, Hou XH, Liu HH, Yue CL, He Y, Zuo XN. Toward systems neuroscience in mild
cognitive impairment and Alzheimer’s disease: a meta-analysis of 75 fMRI studies.
Hum Brain Mapp 2015; 36: 1217–1232.

13 Yi L, Wang J, Jia L, Zhao Z, Lu J, Li K et al. Structural and functional changes in
subcortical vascular mild cognitive impairment: a combined voxel-based
morphometry and resting-state fMRI study. PLoS One 2012; 7: e44758.

14 Song J, Qin W, Liu Y, Duan Y, Liu J, He X et al. Aberrant functional organization
within and between resting-state networks in AD. PLoS One 2013; 8: e63727.

15 Xi Q, Zhao X, Wang P, Guo Q, Jiang H, Cao X et al. Spontaneous brain activity in
mild cognitive impairment revealed by amplitude of low-frequency fluctuation
analysis: a resting-state fMRI study. Radiol Med 2012; 117: 865–871.

16 Talairach J, Tournoux P. Co-planar Stereotactic Atlas of the Human Brain:
3-Dimensional Proportional System—An Approach to Cerebral Imaging. Thieme
Medical Publishers: New York, NY, USA, 1988.

17 Liang P, Xiang J, Liang H, Qi Z, Li K, Alzheimer’s Disease NeuroImaging Initiative.
Altered amplitude of low-frequency fluctuations in early and late mild cognitive
impairment and Alzheimer’s disease. Curr Alzheimer Res 2014; 11: 389–398.

18 Xu G, Antuono PG, Jones J, Xu Y, Wu G, Ward D et al. Perfusion fMRI detects
deficits in regional CBF during memory-encoding tasks in MCI subjects. Neurology
2007; 69: 1650–1656.

19 Sorg C, Riedl V, Muhlau M, Calhoun VD, Eichele T, Laer L et al. Selective changes of
resting-state networks in individuals at risk for Alzheimer’s disease. Proc Natl Acad
Sci USA 2007; 104: 18760–18765.

20 Bai F, Zhang Z, Yu H, Shi Y, Yuan Y, Zhu W et al. Default-mode network activity
distinguishes amnestic type mild cognitive impairment from healthy aging: a
combined structural and resting-state functional MRI study. Neurosci Lett 2008;
438: 111–115.

21 Qi Z, Wu X, Wang Z, Zhang N, Dong H, Yao L et al. Impairment and compensation
coexist in amnestic MCI default mode network. Neuroimage 2010; 50: 48–55.

22 Zhang Z, Deng L, Bai F, Shi Y, Yu H, Yuan Y et al. Alteration of resting brain
function by genetic variation in angiotensin converting enzyme in amnestic-type
mild cognitive impairment of Chinese Han. Behav Brain Res 2010; 208: 619–625.

23 Wang Z, Yan C, Zhao C, Qi Z, Zhou W, Lu J et al. Spatial patterns of intrinsic brain
activity in mild cognitive impairment and Alzheimer’s disease: a resting-state
functional MRI study. Hum Brain Mapp 2011; 32: 1720–1740.

24 Bai F, Watson DR, Shi Y, Wang Y, Yue C, Teng Y et al. Specifically progressive
deficits of brain functional marker in amnestic type mild cognitive impairment.
PLoS One 2011; 6: e24271.

25 Han Y, Lui S, Kuang W, Lang Q, Zou L, Jia J. Anatomical and functional deficits in
patients with amnestic mild cognitive impairment. PLoS One 2012; 7: e28664.

26 Bai F, Shi Y, Yuan Y, Yue C, Zhuang L, Xu X et al. Association of a GSK-3beta
polymorphism with brain resting-state function in amnestic-type mild cognitive
impairment. J Alzheimers Dis 2012; 32: 387–396.

27 Wang Z, Nie B, Li D, Zhao Z, Han Y, Song H et al. Effect of acupuncture in mild
cognitive impairment and Alzheimer disease: a functional MRI study. PLoS One
2012; 7: e42730.

28 Zhuang L, Liu X, Xu X, Yue C, Shu H, Bai F et al. Association of the interleukin 1
beta gene and brain spontaneous activity in amnestic mild cognitive impairment.
J Neuroinflammation 2012; 9: 263.

29 Xi Q, Zhao XH, Wang PJ, Guo QH, He Y. Abnormal intrinsic brain activity in
amnestic mild cognitive impairment revealed by amplitude of low-frequency
fluctuation: a resting-state functional magnetic resonance imaging study. Chin
Med J (Engl) 2013; 126: 2912–2917.

30 Zhou X, Zhang J, Chen Y, Ma T, Wang Y, Wang J et al. Aggravated cognitive and
brain functional impairment in mild cognitive impairment patients with type 2
diabetes: a resting-state functional MRI study. J Alzheimers Dis 2014; 41: 925–935.

31 Liu X, Bai F, Yue C, Shi Y, Yu H, Luo B et al. The association between TOMM40 gene
polymorphism and spontaneous brain activity in amnestic mild cognitive
impairment. J Neurol 2014; 261: 1499–1507.

Resting-state fMRI data on aMCI
WKW Lau et al

5

Translational Psychiatry (2016), 1 – 6



32 Liu Z, Wei W, Bai L, Dai R, You Y, Chen S et al. Exploring the patterns of
acupuncture on mild cognitive impairment patients using regional homogeneity.
PLoS One 2014; 9: e99335.

33 Wang Y, Zhao X, Xu S, Yu L, Wang L, Song M et al. Using regional homogeneity to
reveal altered spontaneous activity in patients with mild cognitive impairment.
Biomed Res Int 2015; 2015: 807093.

34 Zhou Y, Yu F, Duong TQ, Alzheimer’s Disease Neuroimaging Initiative. White
matter lesion load is associated with resting state functional MRI activity and
amyloid PET but not FDG in mild cognitive impairment and early Alzheimer’s
disease patients. J Magn Reson Imaging 2015; 41: 102–109.

35 Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the
median, range, and the size of a sample. BMC Med Res Methodol 2005; 5: 13.

36 Eickhoff SB, Bzdok D, Laird AR, Kurth F, Fox PT. Activation likelihood estimation
meta-analysis revisited. Neuroimage 2012; 59: 2349–2361.

37 Turkeltaub PE, Eickhoff SB, Laird AR, Fox M, Wiener M, Fox P. Minimizing within-
experiment and within-group effects in Activation Likelihood Estimation
meta-analyses. Hum Brain Mapp 2012; 33: 1–13.

38 Eickhoff SB, Laird AR, Grefkes C, Wang LE, Zilles K, Fox PT. Coordinate-based
activation likelihood estimation meta-analysis of neuroimaging data: a random-
effects approach based on empirical estimates of spatial uncertainty. Hum Brain
Mapp 2009; 30: 2907–2926.

39 Lancaster JL, Tordesillas-Gutierrez D, Martinez M, Salinas F, Evans A, Zilles K et al.
Bias between MNI and Talairach coordinates analyzed using the ICBM-152 brain
template. Hum Brain Mapp 2007; 28: 1194–1205.

40 De Jager CA, Hogervorst E, Combrinck M, Budge MM. Sensitivity and specificity of
neuropsychological tests for mild cognitive impairment, vascular cognitive
impairment and Alzheimer’s disease. Psychol Med 2003; 33: 1039–1050.

41 Gusnard DA, Raichle ME, Raichle ME. Searching for a baseline: functional imaging
and the resting human brain. Nat Rev Neurosci 2001; 2: 685–694.

42 Buckner RL, Andrews-Hanna JR, Schacter DL. The brain’s default network: anat-
omy, function, and relevance to disease. Ann N Y Acad Sci 2008; 1124: 1–38.

43 Aminoff EM, Kveraga K, Bar M. The role of the parahippocampal cortex in cog-
nition. Trends Cogn Sci 2013; 17: 379–390.

44 Fujishima M, Maikusa N, Nakamura K, Nakatsuka M, Matsuda H, Meguro K. Mild
cognitive impairment, poor episodic memory, and late-life depression are asso-
ciated with cerebral cortical thinning and increased white matter hyperintensities.
Front Aging Neurosci 2014; 6: 306.

45 Minoshima S, Giordani B, Berent S, Frey KA, Foster NL, Kuhl DE. Metabolic
reduction in the posterior cingulate cortex in very early Alzheimer’s disease. Ann
Neurol 1997; 42: 85–94.

46 Zhou Y, Dougherty JH, Hubner KF, Bai B, Cannon RL, Hutson RK. Abnormal con-
nectivity in the posterior cingulate and hippocampus in early Alzheimer’s disease
and mild cognitive impairment. Alzheimers Dement 2008; 4: 265–270.

47 Choo IH, Lee DY, Oh JS, Lee JS, Lee DS, Song IC et al. Posterior cingulate cortex
atrophy and regional cingulum disruption in mild cognitive impairment and
Alzheimer’s disease. Neurobiol Aging 2010; 31: 772–779.

48 Boccia M, Acierno M, Piccardi L. Neuroanatomy of Alzheimer’s disease and late-life
depression: a coordinate-based meta-analysis of MRI studies. J Alzheimers Dis
2015; 46: 963–970.

49 Powell HW, Guye M, Parker GJ, Symms MR, Boulby P, Koepp MJ et al. Noninvasive
in vivo demonstration of the connections of the human parahippocampal gyrus.
Neuroimage 2004; 22: 740–747.

50 Hamalainen A, Pihlajamaki M, Tanila H, Hanninen T, Niskanen E, Tervo S et al.
Increased fMRI responses during encoding in mild cognitive impairment. Neuro-
biol Aging 2007; 28: 1889–1903.

51 Carcaillon L, Amieva H, Auriacombe S, Helmer C, Dartigues JF. A subtest of the
MMSE as a valid test of episodic memory? Comparison with the Free and Cued
Reminding Test. Dement Geriatr Cogn Disord 2009; 27: 429–438.

52 Jonides J, Schumacher EH, Smith EE, Koeppe RA, Awh E, Reuter-Lorenz PA et al.
The role of parietal cortex in verbal working memory. J Neurosci 1998; 18:
5026–5034.

53 Bokde AL, Karmann M, Born C, Teipel SJ, Omerovic M, Ewers M et al. Altered brain
activation during a verbal working memory task in subjects with amnestic mild
cognitive impairment. J Alzheimers Dis 2010; 21: 103–118.

54 Nishi H, Sawamoto N, Namiki C, Yoshida H, Dinh HD, Ishizu K et al. Correlation
between cognitive deficits and glucose hypometabolism in mild cognitive
impairment. J Neuroimaging 2010; 20: 29–36.

55 Li X, Cao M, Zhang J, Chen K, Chen Y, Ma C et al. Structural and functional brain
changes in the default mode network in subtypes of amnestic mild cognitive
impairment. J Geriatr Psychiatry Neurol 2014; 27: 188–198.

56 Förster S, Buschert VC, Teipel SJ, Friese U, Buchholz HG, Drzezga A et al. Effects of
a 6-month cognitive intervention on brain metabolism in patients with amnestic
MCI and mild Alzheimer’s disease. J Alzheimers Dis 2011; 26: 337–348.

57 Sanabria-Diaz G, Martinez-Montes E, Melie-Garcia L, Alzheimer’s Disease Neuroi-
maging Initiative. Glucose metabolism during resting state reveals abnormal
brain networks organization in the Alzheimer’s disease and mild cognitive
impairment. PLoS One 2013; 8: e68860.

58 Zhang Z, Liu Y, Jiang T, Zhou B, An N, Dai H et al. Altered spontaneous activity in
Alzheimer’s disease and mild cognitive impairment revealed by Regional
Homogeneity. Neuroimage 2012; 59: 1429–1440.

59 Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med 2004;
256: 183–194.

60 Li X, Zhang ZJ. Neuropsychological and neuroimaging charateristics of amnestic
mild cognitive impairment subjects: a selective overview. CNS Neurosci Ther 2015;
21: 776–783.

61 Alonso Bde C, Hidalgo Tobon S, Dies Suarez P, Garcia Flores J, de Celis Carrillo B,
Barragan Perez E. A multi-methodological MR resting state network analysis to
assess the changes in brain physiology of children with ADHD. PLoS One 2014; 9:
e99119.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Supplementary Information accompanies the paper on the Translational Psychiatry website (http://www.nature.com/tp)

Resting-state fMRI data on aMCI
WKW Lau et al

6

Translational Psychiatry (2016), 1 – 6

http://creativecommons.org/licenses/by/�4.0/
http://creativecommons.org/licenses/by/�4.0/

	Resting-state abnormalities in amnestic mild cognitive impairment: a meta-�analysis
	Introduction
	Materials and Methods
	Results
	Discussion
	Table 1 List of included studies on resting state in aMCI
	Table 2 Resting-state abnormalities in aMCI patients compared with controls in 21 studies
	Figure 1 (a) Resting-state hypoactivation in patients with amnestic mild cognitive impairment (aMCI) compared with matched control subjects (in blue).
	Conclusions
	This work was supported by the generous donation from Chow Tai Fook Charity Foundation and Henderson Warmth Foundation.Supplementary Information accompanies the paper on the Translational Psychiatry website (http://www.nature.com/tp)Petersen RC, Negash S
	This work was supported by the generous donation from Chow Tai Fook Charity Foundation and Henderson Warmth Foundation.Supplementary Information accompanies the paper on the Translational Psychiatry website (http://www.nature.com/tp)Petersen RC, Negash S
	ACKNOWLEDGEMENTS
	REFERENCES




