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Abstract. As functional magnetic resonance imaging (fMRI) studies have 
yielded increasing amounts of information about the brain’s spontaneous 
activity, they have revealed fMRI’s potential to locate changes in brain 
hemodynamics in neuropsychiatric disorders. In this paper, we review studies 
that support the notion that changes in spontaneous low-frequency fluctuation 
(SLFF) observed by fMRI can be used as potential biomarkers for diagnosis 
and treatment evaluation in neuropsychiatric disorders. In this paper, we review 
the methods used to study SLFF from individual region of interest analysis, to 
local network analysis, to whole brain network analysis. We also summarize the 
major findings associated with major neurological and psychiatric disorders 
obtained using these methods. 
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1   Introduction 

Accurate diagnosis of neuropsychiatric disorders presents a major challenge for 
psychiatrists and clinicians. The current situation, in which neuropsychiatric disorders 
are diagnosed mainly based on clinical symptoms and medical history, has spurred the 
search for objective biomarkers, such as neuroimaging markers.  

Spontaneous brain activity, as observed by functional magnetic resonance imaging 
(fMRI), is termed spontaneous low-frequency fluctuation (SLFF) in blood oxygen 
level dependence (BOLD) signal and has recently attracted the attention of 
researchers as a potential biomarker for locating changes in brain hemodynamics 
associated with diseases because of its clinical advantages , such as non-invasive, 
easily performed [1, 2]. Findings of the physiological origin of spontaneous brain 



activity further strengthen the possibility that detected changes in spontaneous brain 
activity can be used as potential biomarkers (for reviews, see [1, 3]). This has inspired 
more and more researchers to explore whether endogenous fMRI markers can 
characterize the neurophysiological changes associated with disease or drug 
treatments. To date many studies have been performed involving nearly all of the 
major neurological and psychiatric disorders. Various methods for detecting 
spontaneous activity have been used to investigate biomarkers that can be related to 
specific neuropsychiatric disorders. In this paper, we review the methods used to 
study SLFF from individual region of interest (ROI) analysis, to local network 
analysis, to whole brain network analysis. We take two representative 
neuropsychiatric disorders, i.e., Alzheimer’s disease (AD) and schizophrenia, as 
examples to instantiate how the findings obtained using these methods would be 
helpful to find the biomarkers as diagnosis, therapy evaluation and prognosis of major 
neurological and psychiatric disorders. 

2   Methods and progress in understanding neuropsychiatric 
disorders 

Correlation or coherence of brain region activity is often thought to reflect functional 
integration, one of the fundamental principles of functional organization of the brain 
[4, 5]. Resting-state functional connectivity (rsFC) analysis and independent 
component analysis (ICA) are two main methods of analysis that can be used to 
investigate the spatial pattern of spontaneous activity during rest.  

Conventional FC measures correlations between a reference time series and another 
time series [6]. Using this method, fMRI studies have demonstrated that spontaneous 
BOLD fluctuations are coherent within specific neuro-anatomical systems, such as 
primary motor auditory, visual cortices, language  and limbic systems in healthy 
subjects (for a review, please see [1]). The rsFC analysis can be divided into three 
categories: rsFC based on individual regions of interest (ROI), rsFC based on multiple 
ROIs, and rsFC based on whole brain regions.  

The ICA is another commonly used method for identifying spatial patterns in 
resting-state fMRI data [7-11], This method, like the rsFC based on multiple ROIs, 
can provide specific information on local brain network. Unlike traditional FC 
analysis, ICA is a model-free method that decomposes the data into statistically 
independent components. Such decompositions are very useful because they allow for 
separation into different coherent resting networks and separate these networks from 
other effects such as head motion or other physiological confounds (such as cardiac 
pulsation or the respiratory cycle). The conventional ICA method can only be used for 
a single subject. Recently, a method for investigating coherent signals at a group level, 
tensor probabilistic ICA (tensor-PICA), has been proposed [12-14]. This method 
simultaneously decomposes group fMRI data into modes describing variations across 
space, time, and subjects. It has been demonstrated that the tensor-PICA approach can 
provide useful representations of group fMRI data in resting-state studies [15, 16].  

Although the two methods each have their pros and cons [17], both of them are 
widely used in resting-state fMRI studies of neuropsychiatric disorders. Additionally, 



some findings using the two methods have yielded consistent results. But some 
inconsistent results have been reported. In the following section, we will 
comprehensively review the progress obtained by using each of the two methods from 
individual ROI analysis, to local network analysis, to whole brain network analysis 
(Table 1).  

 
Table 1. Methods for investigating spatial patterns of SLFFs and progress in understanding 
neuropsychiatric disorders 
 

Authors Disorders Patient/Control Methods 

Greicius et al (2004) AD, mild 14/14 ICA  

Wang L et al (2006) AD, early 13/13 
Correlation analysis of 
individual ROIs 

Wang K et al (2007) AD, early 14/14 

Correlation analysis of the 
whole brain and of individual 
ROIs 

Allen et al (2007) AD, probable 8/8 
Correlation analysis of 
individual ROIs 

Sorg et al (2007) aMCI 24/16 
ICA, correlation analysis of 
individual ROIs, structure 

Liang et al (2006b) Schizophrenia 15/15 
Correlation analysis of the 
whole brain 

Bluhm et al (2007) 

Schizophrenia, 
chronic and 
medicated 17/17 

Correlation analysis of 
individual ROIs 

Garrity et al (2007) Schizophrenia 21/22 ICA 

Zhou et al (2007a) 
Schizophrenia, 
first-episode 17/17 

Correlation analysis of 
individual ROIs 

Zhou et al (2007b) 
Schizophrenia, 
paranoid 18/18 

Correlation analysis of multiple 
ROIs 

Calhoun et al (2008) 
Schizophrenia, 
chronic 20/20 ICA 

Zhou et al (2008) 
Schizophrenia, 
paranoid 17/14 

Correlation analysis of 
individual ROIs 

 

2. 1 Individual ROI analysis and progress in understanding neuropsychiatric 
disorders: 

RsFC based on a single ROI is the most common method for investigating resting-
state functionality in neuropsychiatric disorders. The key point of this method is to 
select an appropriate region as ROI. An ideal ROI should satisfy the following criteria: 
(1) implicated in a pathological lesion or cognitive dysfunction associated with the 
brain disorder to be investigated; (2) demonstrated as a local abnormality in anatomy 
or function in a previous study. Using rsFCs based on an individual ROI has led to 
some interesting findings for AD and schizophrenia as reviewed below. 



AD: Two regions in the default mode network (DMN), the hippocampus and the 
posterior cingulate cortex (PCC), have attracted the most attention due to their roles in 
memory and their morphologic and metabolic abnormalities in AD patients [18]. As a 
core region in the DMN (this network is also called the task-negative network, TNN), 
the PCC showed decreased correlations with other regions in the same network and 
decreased anti-correlations with regions in the task-positive network (TPN), which is 
anti-correlated with the TNN, in early AD compared to healthy controls [19]. Two 
other recent studies [20, 21] independently investigated the hippocampal rsFC pattern 
in AD. Both of the studies found that the hippocampus exhibited disrupted rsFCs with 
extensive regions, including the PCC/PCu. However, Wang and coworkers [21] also 
found increased rsFCs between the left hippocampus and the right lateral prefrontal 
cortex, which was absent in Allen’s study [20]. The differences in results between the 
two studies likely arose from differences in the ROIs that were selected, from 
differences in disease severity [20] and from differences between the sample subjects 
(for a review, see [22]. In a recent study, healthy subjects exhibited differences in 
rsFC patterns between the anterior hippocampus and the posterior portion, including 
the body of the hippocampus and the posterior parahippocampus [23]. Subtle 
differences in anterior-posterior hippocampal rsFCs may account for the differences 
in the two studies, which selected different subregions of the hippocampus as ROIs.   

Schizophrenia: The dorsolateral prefrontal cortex (DLPFC), because of its local 
abnormalities in anatomy and function [24] and its role in various neural circuits 
relevant to the anatomical and physiological mechanisms of cognitive dysfunction in 
schizophrenia, has attracted the attention of Zhou and colleagues [25]. By examining 
the FC pattern of DLPFC in patients with first-episode schizophrenia and matched 
controls, these researchers from our laboratory found that the DLPFC exhibited 
decreased rsFC with the PCC, among other regions [25]. Because the regions and 
functions of the default mode network have been linked with schizophrenia, the PCC, 
as a core region in this network, was selected as the ROI to compare the SLFF pattern 
of chronic, medicated schizophrenic patients with that of control subjects [26]. The 
PCC was found to show decreased rsFCs in regions associated with the DMN 
including the PCC, lateral parietal, medial prefrontal cortex (MPFC) and cerebellar 
regions in chronic, medicated schizophrenic patients [26]. Considering that the 
hippocampus has been implicated as participating in the pathophysiology of 
schizophrenia, the FC pattern of the anterior hippocampus was also investigated. In 
patients with schizophrenia, the bilateral hippocampi showed reduced rsFCs to some 
regions which have been reported to be involved in episodic memory, such as the 
PCC, the extrastriate cortex, the MPFC, and the parahippocampal gyrus, which may 
reflect the disconnectivity within a neural network related to the anterior hippocampus 
in schizophrenia [27]. 

Comments on this method: rsFC based on an individual ROI can easily be 
performed and can provide distinct information on specific regions implicated in 
neuropsychiatric disorders. However, limitations of this method need to be kept in 
mind. The method strongly depends on prior knowledge about the related disorders. 
In published studies, the ROI was selected according to the researchers’ interest and 
outlined by hand [20, 21, 27] selected by software [19, 25] or identified by known 
coordinates [26, 28] This subjectivity in ROI selection has lead to slight differences in 
the anatomical location of the ROIs, which led to differences in the ROI FC patterns, 



as we noted in the case of the discrepancy in the hippocampal FC in AD [20, 21]. In 
addition, information outside the functional connectivity pattern of a specific ROI 
cannot be obtained by this method.  

2.2 Local network analyses and progress in understanding neuropsychiatric 
disorders: 

Brain circuits or networks have often been implicated in major neuropsychiatric 
disorders, such as AD and schizophrenia [29-31], thus the investigation of rsFC 
within a specific network may improve our understanding of the neural basis of these 
disorders. This is supported by findings that have revealed the presence of a number 
of resting-state brain networks, such as the DMN (e.g. TNN) [8, 32, 33], the TPN [32, 
33], and the dorsal and ventral attention networks [34] in healthy subjects. 
Additionally, these networks are known to be related to emotion, memory, attention, 
and other high brain functions, which have often been observed to be impaired in 
neuropsychiatric disorders. 
 

 

 
 

Fig. 1. Altered functional connectivities in the default mode network in Alzheimer’s disease. a. 
The core brain regions in the default mode network in healthy subjects are illustrated 
schematically. Prominent components of this network include medial prefrontal regions, 
posterior regions in the medial and lateral parietal cortex, the lateral temporal cortex and the 
medial temporal lobe (including the hippocampus and parahippocampal gyrus). Regions within 
this core brain system are functionally correlated with each other and, prominently, with the 
hippocampal formation. The solid line represents the correlations between the core regions. b. 
The functional connectivity between the hippocampal formation and the medial posterior 
regions were consistently found to be decreased or absent in patients with Alzheimer’s disease 
(for references, please see the main text). The dashed line represents decreased or absent 
correlations between the hippocampus/parahippocampal gyrus and the posterior cingulate area. 

 
AD: Using ICA to isolate the DMN during a simple sensory-motor task, Greicius et 

al (2004) found decreased connectivity within the DMN in an AD group [35], which 
is consistent with findings from rsFC based on individual ROIs [19-21]. By applying 
ICA and ROI-based FC analysis, Sorg et al. further found that the patients with 
amnestic mild cognitive impairment (aMCI), a syndrome that carries a high risk for 
developing AD, demonstrated reduced network-related activity in selected areas of 
the DMN (left PCC and right MPFC) [36]. These studies consistently show that 
disconnection in the DMN is a distinctive characteristic of AD (Fig. 1). In addition to 



the DMN, Sorg et al. found the executive attention network to be affected, but the 
remaining resting networks to be intact, in individuals at high risk for AD. The 
reduced network-related activity in the executive attention network is in line with 
observed attentional deficits in MCI and AD, indicating impaired interaction between 
the two anti-correlated networks (TPN and TNN) that prominently organize intrinsic 
brain activity [36]. 

Schizophrenia: Aberrant FC within the DMN has been observed in schizophrenia 
using ICA [37], demonstrating increased activity in the ACC/MPFC, the 
parahippocampus and the PCC in patients. These researchers also found that patients 
with schizophrenia showed significantly more high-frequency fluctuations and 
controls showed significantly more low-frequency fluctuations in the DMN [37]. This 
pattern was validated and extended to the rest of the resting-state networks in a later 
study [38]. By directly investigating the interregional rsFCs among the regions 
constituting the DMN, increased rsFCs within this network were also observed in 
schizophrenia [39]. The FCs, that primarily increased within the TPN, as well as 
increased anti-correlations between the two networks were also found in this disease 
[39]. These findings suggest that these abnormalities related to the DMN could be a 
possible source for the abnormalities in information processing activities that are 
characteristic of patients with schizophrenia. 

In addition to the TPN and TNN, the frontostriatal system has also attracted the 
attention of researchers. Salvador et al. used the mutual information measure to 
compare the resting-state connections among three main components of the 
frontostriatal system (DLPFC, the basal ganglia, and the thalami) in schizophrenia 
and in healthy controls. Increased connectivity between the DLPFC and the basal 
ganglia in schizophrenia were consistently found across low, medium and high 
frequency bands [40]. These increased connectivities could potentially be responsible 
for dysfunctions in the frontostriatal loop in patients with schizophrenia. 

Comments on this method: Identification of the affected regions is the primary 
prerequisite for investigations into the rsFC within a disease-related network. 
However, determining which regions should be recruited for this purpose is limited by 
the prior knowledge of the researchers. Although some methods, such as ICA, can 
greatly reduce the researcher’s subjectivity, some key steps, such as deciding on the 
number of components and determining how to classify each component into noise or 
physiologically meaningful signals, still depends on the subjective opinions of 
researchers. This subjectivity leads to differences in the regions that are determined to 
constitute a network and thus leads to difficulty in comparing results across studies. 
Furthermore, the functionality and physiological meaning of these resting-state 
networks need to be further clarified. With this in mind, caution must be exercised in 
interpreting the findings obtained by comparing the rsFC in the resting-state networks 
of patients with that of controls. 

2.3 Whole brain network analyses and progress in understanding 
neuropsychiatric disorders:  

In contrast to local network-based interregional FC, which focuses on the FCs 
associated with a few preselected seed regions within a specific network or circuit 



while ignoring other potentially interesting patterns of connectivity, whole brain 
network-based FC analysis can objectively and comprehensively detect altered FCs 
throughout an entire brain level by automatically dividing the entire brain into 
multiple regions and performing correlation or partial correlation analysis on each 
pair of these regions. This method was first used in a single patient who was 
minimally conscious following a brainstem lesion [41] and then was developed and 
used in AD and schizophrenia [19, 42] (Fig. 2).  

 

 
 
Fig. 2. Altered resting-state functional connectivity in schizophrenia and Alzheimer’s disease. a. 
Schizophrenia patients mainly showed decreased functional connectivities and such 
abnormalities were widely distributed throughout the entire brain rather than restricted to a few 
specific brain regions. b. Alzheimer’s disease mainly showed decreased functional 
connectivities between the prefrontal and parietal lobes, but increased functional connectivities 
within the prefrontal lobe, parietal lobe and occipital lobe. 
 

AD: Wang et al. (2007) found that AD patients show many decreased rsFCs, which 
are mainly between the prefrontal and parietal lobes, but these patients also show 
increased rsFCs mainly between regions within lobes, such as within the prefrontal 
lobe, within the parietal lobe, or within the occipital lobe [19]. These findings are 
compatible with the anterior–posterior disconnection phenomenon and compensatory 
effect within lobes observed previously in AD patients (for review, see [22]. More 
interestingly, by using whole brain network analysis, the authors also found decreased 
anti-correlations between the two abovementioned intrinsically anti-correlated 
networks (TPN and TNN), again suggesting that disturbance of the balance between 
the intrinsically anti-correlated networks may be associated with attention deficits in 
AD patients. 

Schizophrenia: Liang et al. (2006) found that in patients with schizophrenia the 
decreased FCs were widely distributed throughout the entire brain, although most of 
them were related to the insula, the temporal lobe (including the medial temporal 
structures), the prefrontal lobe and the corpus striatum. Increased FCs were mainly 
related to the cerebellum in patients. Although in this preliminary study, interregional 
anti-correlation was not considered, which made it difficult to directly compare the 
distribution of these altered FCs with that in other disorders, this study provides 
further support for the hypothesis that schizophrenia may arise from the disrupted 
functional integration of widespread brain areas [42]. 



Comments on this method: By comparing the global distribution of these altered 
FCs in different disorders, it is possible to find various disease-related characteristics 
and thus to differentiate different disorders. However, some issues need to be 
addressed. First, the findings obtained by this method are affected by anatomical 
parcellation. Therefore, it is necessary to pay attention to the fact that mapping the 
resulting whole brain network using different templates may induce different findings 
[43]. Secondly, current automatic registration techniques make it difficult to 
guarantee the exact match of some small gyri/sulci, especially in the cerebellar lobes, 
across subjects. Finally, inter-subject variability in the anatomical regions must also 
be considered carefully in future studies.  

3   Conclusions 

By analyzing the spatial pattern of spontaneous BOLD activity, some disease-related 
abnormalities can be obtained. Disrupted rsFCs within the DMN, especially those 
associated with the hippocampus and the PCC, may be a distinctive characteristic of 
AD (Fig. 1). The regions showing disrupted rsFCs are highly similar to those that 
show pathology in the early stages of the disease, as measured by molecular imaging 
of amyloid plaques using PET, and those that are affected by structural atrophy, as 
measured by longitudinal MRI [18]. Decreased rsFCs within the attention related-
networks is another consistent finding in AD and is consistent with observed attention 
deficits in MCI and AD. In schizophrenia, aberrant rsFCs within the DMN are found, 
but the main difference is that the strength of the rsFCs are abnormally increased in 
patients. By analyzing the clinical correlates of the strength of the rsFC, the rsFCs 
associated with the component regions of the DMN are found to vary with positive 
symptoms measured by different clinical scales [26, 27, 37]. The positive symptom–
dependent correlation of the component region in the DMN suggests that functional 
dysconnectivity in the DMN may be a reflection of an impaired self-monitoring 
function in schizophrenia, which could lead to positive symptoms such as 
hallucinations and delusions [44].  

In conclusion, altered activity patterns of SLFFs have been found in the major 
neuropsychiatric disorders, whether at a local level or a global level. These studies 
highlight the usefulness of resting-state fMRI for studying the brain in 
neuropsychiatric disorders. More importantly, these studies suggest the possibility 
that the altered SLFFs in neuropsychiatric disorders could be valuable brain imaging 
biomarkers for diagnosis, therapy evaluation and prognosis.  
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