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Introduction    BOLD fMRI signals acquired in absence of explicit tasks show spatial correlations that appear to reflect some aspect of functional 
connectivity of the brain[1]. Studies attempting to reveal their origin and fucntional role have found that between some brain regions, fMRI 
correlations are reduced during conditions of altered consciousness [2-5].  These studies, however, were focused either on certain specific brain 
networks [2] or on relatively long-range inter-regional connectivity of the brain [3]. The goal of the current exploratory study was to investigate the 
effect of consciousness on local, short-range correlations. For this purpose,  previousy acquired fMRI/EEG data across the sleep-wake stage [2] were 
reanalyzed, with focus on the local coherence of spontaneous BOLD signals.  

Methods      Data were acquired and pre-processed as described previously[2]. Only 7 subjects with separately acquired non-sleep-deprived resting 
wake data were used for the analysis in this study. Briefly, on these sleep-deprived subjects, data was acquired over a period up to 3 hours containing 
light and deep sleep, and pre-processed using distortion correction, physiological noise regression, spatial smoothing, and temporal band-pass 
filtering (0.005−0.1 Hz). From each subject, 300-second sub-segments with either stage 0/1 (here called “Wake”, dominated by stage 0 but not 
exclusive of stage 1 time points, mainly from the resting wake data separately collected before sleep-deprivation) or stage 3−4 sleep (here called 
slow-wave sleep or “SWS”) were selected (based on EEG sleep scoring) while carefully avoiding periods associated with substantial head motion. A 
total of 27 segments for the wake condition and 58 segments for the SWS were selected from 7 subjects. For each segment, a local correlation map 
was first caculated: the value at a specific voxel is equal to the mean of 
correlation coefficients between any pair of voxels within a 3D kernal 
around this voxel (a 3×3×3−voxel kernal, 27 voxels). Using the 
Harvard-Oxford structual atlas [6], the brain was divided into 48 cortical 
and 7 subcortical regions of interest (ROIs). The local coherence maps 
were then averaged within the ROIs to generate an index quantifying 
the local correlation in each brain regions. In addition, the standard 
deviation of BOLD time courses was calculated for each voxel and then 
averaged within ROIs to quantify the fluctuation amplitude of BOLD 
signals. To deal with the relatively large inter-subject variation, the two 
conditions were statistically compared using a two-way ANOVA with 
“subject” as a random effect.  

Results   The result of comparisons in all 55 brain regions is 
summarized in Figure 1 (all p values are Bonferroni corrected for 
multiple comparison), where the brain regions showing significiant 
changes under SWS condition are marked with star symbols. The brain 
regions showing reduced local BOLD correlation during SWS (pbonferroni 
< 0.001) are frontal pole, insular cortex, superior, middle, and inferior 
(pars oper and par triang) frontal gyrus, anterior superior temporal 
gyrus, frontal medial cortex, subcallosal cortex, paracingulate, 
antierior cingulate cortex, frontal orbitaland cortex, frontal operculum 
cortex, central opercular cortex, and planum polare; while regions with 
increased correlation during SWS (pbonferroni < 0.001) include 
intracalcarine cortex, cuneal cortex, lingual gyrus, occipital fusiform gyrus, and occipital pole. Overlaying these regions on the MNI template 
(Figure 2) reveals an interesting pattern: the regions with reduced local BOLD correlation, especially those with high significance level (small p 

values), reside primarily at the frontal/prefrontal region, while those showing increased correlation 
all locate in posterior part of the brain. Comparatively, the effects in the prefrontal cortex are more 
significant than those in the posterior brain according to corresponding p values.   
 The flucutation amplitude of BOLD signals was also compared between these two conditions, 
and three brain regions showing significant (pbonferroni < 0.001) decrease of BOLD fluctuation 
amplitude are middle temporal gyrus (temporooccipital part), angular gyrus, and supplementary 
motor cortex.  

Discussion     The analysis performed in this study suggest that during sleep, local fMRI signal 
correlation alter in a distinct, spatially consistent manner, with prefrontal regions showing a 
decrease and posterior regions showing an increase. To the extend that local fMRI correlation 
represents local function, this finding is consistent with the notion that higher level cognitive 
function is reduced during sleep. Therefore, analysis of local correlations patterns may provide 
information about the brains cognitive state that is supplemental to information derived from long-
range correlation analysis. 
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Fig. 1  A summary of local BOLD correlation under the wake and SWS 
conditions for all 55 brain ROIs. The stars indicate significant differences 
between the two conditions (*: p < 0.05; **: p < 0.01; and ***: p <0.001, 
Bonferroni corrected). Error bars indicate standard deviation across all segments.  

 
Fig. 2  Brain ROIs showing significantly different 
local BOLD correlation under the wake and SWS 
conditions. 
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