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and 4�mm full-width at half-maximum. Although spatial smooth-
ing may seem counterintuitive when investigating small hypothal-
amic nuclei, smoothing can help improve functional connectivity 
results across participants by accounting for small registration 
errors and anatomic variability [48�50]. The data were temporally 
�ltered (0.009 Hz < f�<�0.08 Hz) and several nuisance variables were 
removed by regression, including the following: (1) six movement 
parameters computed by rigid body translation and rotation dur-
ing preprocessing, (2) mean whole brain signal, (3) mean brain 
signal within the lateral ventricles, and (4) the mean signal within 
a deep white matter ROI. Inclusion of the �rst temporal derivatives 
of these regressors within the linear model accounted for the time-
shifted versions of spurious variance. Correlation coef�cients were 
converted to normally distributed Z-scores using the Fisher trans-
formation. A�random effects one-sample t-test was used to create a 
network map for each hypothalamic ROI across all 98 participants. 
Results were considered signi�cant at a T-value of 4.25 (p�<�0.00005) 
as used previously for this dataset [46, 51�53] which corresponds to 
a false discovery rate correction of <1 percent.

Global signal regression uses a general linear model to re-
gress out the average signal across all voxels, which includes 

physiological noise (e.g. cardiac and respiratory), movement-
related artifact, and nonspeci�c signals. It was included in the 
primary analysis (model 1, described above) as it has been shown 
to improve neuroanatomical speci�city, correspondence to ana-
tomical connectivity, and remains the most common processing 
approach in the rs-fcMRI literature [54, 55]. However, there is 
concern that global signal regression confounds the ability to in-
terpret anticorrelations [54�56]. To ensure that our results were 
not dependent on global signal regression, we reprocessed the 
data using a second model from an independent pipeline that 
avoids global signal regression, anatomical CompCor [57] imple-
mented with the Conn toolbox (http://www.nitrc.org/projects/
conn) [58]. Physiological and other sources of noise were esti-
mated from the MRI data and regressed out together with arti-
fact and movement-related covariates. The residual BOLD time 
series was band-pass �ltered (0.009�0.08 Hz), smoothed (4� mm 
kernel), and linearly detrended, per default settings in the Conn 
toolbox. The residual BOLD time course from each ROI was cor-
related to that of all other brain voxels. Pearson correlation coef�-
cients were Fisher-transformed to Z-scores to increase normality 
prior to a general linear model that combined data from the 98 

Figure�1.  Hypothalamic regions of interest. Regions are shown on sagittal (A, X�=�5.5), axial (B, Z�=��13), and coronal (C, Y�=�1; D, Y�=��7) slices of an MRI. The green region 
is in a wake-promoting area of the posterior hypothalamus, superolateral to the mammillary bodies. The violet region is in a sleep-promoting area of the anterior hypo-
thalamus, approximating the intermediate nucleus/ventrolateral preoptic region. (C) and (D) show progressively zoomed in views of these regions with histological 
sections on the right. Galanin-stained neurons are shown in (C) (modi�ed with permission41) and Nissl-stained neurons in (D) (modi�ed with permission [40]). Actual 
regions used for analyses were bilateral, though displayed unilaterally to facilitate comparison with underlying anatomy.
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