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Summary Obesity/overweight is reported to affect MR-measured brain tissue volume and white matter (WM) signal intensity. This study investigated possible effects
of fat on these measures, using pig fat on three participants at a 4 T magnet. Grey
matter volumes in the presence of fat were lower than baseline measures. Total
WM volumes in the presence of fat were higher than baseline measures. WM hypointensities on T1-weighted images were higher in the presence of fat than baseline
measures. Therefore physical effects of head fat of obese/overweight individual
may at least, partly contribute to the association of obesity/overweight with MR
structural measures.
© 2015 Asian Oceanian Association for the Study of Obesity. Published by Elsevier
Ltd. All rights reserved.

Several magnetic resonance imaging (MRI) studies
reported an association of obesity/overweight with
abnormalities in brain tissue volumes: smaller grey
matter (GM) volumes [1—8], lower GM densities [9],
and larger white matter (WM) volumes [10] than
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the corresponding measures for normal weight individuals. Similarly, increased incidence of WM signal
hyper-intensities on T2-weighted images have been
linked to obesity/overweight [11].
Generally the associations of obesity/overweight
with the MR-observed abnormalities of brain tissue measures in these publications have been
interpreted to reﬂect altered neurobiology in association with obesity/overweight, which constitutes
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Table 1

a potentially increased risk for cognitive decline
or development of dementia. However, physical
effects of fat on MR-measured brain volumes and
WM signal quality have not been assessed. This is
imperative because obese/overweight individuals
are expected to have more fat deposits on the
head than normal weight individuals; and if fat has
an adverse effect on these measures, that effect
could be more pronounced in obese/overweight
individuals as compared to normal weight individuals. In a recent report we demonstrated that
fat tissue superﬁcially placed in the vicinity of an
MR spectroscopy voxel reduced metabolite signal
strengths [12]. In this report, physical effects of
the superﬁcial fat on MR-measured GM and WM volume measures as well as on WM hypo-intensities on
T1-weighted images (which is equivalent to hyperintensities on T2-images) of the human brain are
assessed.
The structural MRI data acquired for the
MR spectroscopy experiments that demonstrated
the physical effects of fat on metabolite signal
strengths [12] were used for this report. The data
were acquired at 4 T (Bruker MedSpec system,
Ettlingen, Germany), from three healthy male volunteers (aged 30, 31 and 55 years) with BMI of
25.9, 23.5 and 25.6 kg/m2 , respectively. Each participant was scanned ﬁrst without fat and then
with two 0.7 cm thick layers of pig back fat: one
layer was placed beneath the occiput and the other
on the forehead. All participants signed a formal
written approved consent by the committee on
human research at the University of California, San
Francisco.
T1-weighted images were segmented into GM,
WM and cerebrospinal ﬂuid (CSF) tissue volumes
using two different methods: the expectation maximization segmentation (EMS) technique [13] and
the publicly available volumetric segmentation and
cortical surface reconstruction methods provided
by FreeSurfer v 5.1 (e.g., [14,15]). Total GM,
WM, CSF volumes as well as intra-cranial volume
(ICV) were estimated from the EMS data, while
FreeSurfer reconstructed 72 small cortical regions
of interest, which were appropriately combined
to yield temporal, frontal, occipital, and parietal
GM volumes. FreeSurfer also segmented WM hypointensities on the T1-weighted images; i.e., voxels
within WM regions with signal intensities lower than
the threshold level for WM.
The EMS segmented data of the three participants are shown in Table 1. The mean difference
in total GM volume when subtracting the fatlayer-free (baseline) volumes from the volumes
observed in the presence of fat was −0.8 ± 0.4%.
On the other hand, the mean difference for total

Mean ± standard deviation across participants
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Total GM, WM, CSF and ICV volumes from EMS segmentation (in mL) for scans with and without externally placed fat layers.

2

Please cite this article in press as: Mon A, et al. Fat may affect magnetic resonance signal intensity and brain tissue
volumes. Obes Res Clin Pract (2015), http://dx.doi.org/10.1016/j.orcp.2015.07.009

ORCP-483; No. of Pages 5

ARTICLE IN PRESS
4552.5
15,161.9
6779.5
8154.6
±
±
±
±
88,089.3
131,052.3
54,333.3
114,548.7
105,193
145,751
62,633
134,338
tGM
fGM
oGM
pGM

93,275
139,813
52,782
117,193

83,071
133,378
521,84
115,865

−11.0
−4.6
−1.0
−1.0

91,954
144,917
61,927
121,965

−13.0
−0.6
−1.0
−9.0

93,429
115,513
50,359
107,542

89,243
114,862
48,889
105,816

−9.0
−0.5
−3.0
−2.0

97,299.0
133,692.3
55,258.0
119,691.0

±
±
±
±

6836.8
16,021.3
6500.8
13,571.5

With fat
W/o fat
With fat
W/o fat
W/o fat
% diff
W/o fat

With fat

Participant 2

With fat

% diff

Participant 3

% diff

Mean ± standard deviation across participants

3

Participant 1
Tissue

Table 2

WM volumes was +1.3 ± 0.4% when subtracting
total WM volumes at baseline from the total WM
volumes observed in the presence of fat. The difference for CSF volumes was −0.2 ± 0.4% upon
similar subtractions, but these changes were less
consistent and much smaller across the three participants compared to GM and WM values. ICV
remained essentially unchanged at 0.1 ± 0.2% on
average.
Data from the FreeSurfer segmentation showed
smaller cortical GM measures for all participants
in the presence of fat (1—11%) relative to the
corresponding values of the baseline experiments;
the temporal cortex was consistently affected
the most in all participants (−9.3 ± 4.2%; see
Table 2). In addition, the number of WM hypointensities detected on the T1-weighted images
in the presence of fat were higher compared to
the fat-layer-free baseline measures. Fig. 1 shows
segmented tissue maps for some image slices of
one participant, illustrating the higher prevalence
of WM hypo-intensities (shown by arrows) on segmented T1-weighted images in the presence of fat
(bottom row).
We examined signal histograms of the images
of both baseline and the fat experiments. Fig. 2
shows histograms of one slide of the brain unprocessed T1 image data (skull and added fat excluded)
of one of the participants. (a) is the histogram
of an image slide of a baseline experiment and
(b) is the histogram of the corresponding image
slide in the presence of fat. The arrows labelled
‘CSF’, ‘GM’ and ‘WM’ point to the signal intensity
peaks for CSF, GM and WM, respectively. Notice the
change in vertical scale of the overall signal magnitudes from (143.0 × 106 ) units at baseline down
to (113.0 × 106 ) in the presence of fat. Also notice
the horizontal shift in signal intensities of the tissues overall: intensities range from 11 to 370 units
in the baseline image and from 14 to 450 units in
the image with fat layers on the head. The estimated maximal intensities for CSF signals shift from
36 units at baseline to 59 units in the presence of
fat (+23 units), from 210 at baseline to 243 in the
presence of fat for GM (+33 units), and from 251 at
baseline to 293 in the presence of fat for WM (+42
units). Thus, there is an overall broadening of tissue
signal distributions and a shift of the GM maximum
signal into WM signal intensities region, leading to
an increased overlap of GM signal with WM signal
in the presence of fat. This change of signal distributions with the addition of fat layers to the head
was apparent in the images from all participants,
and could give insight to possible physical causes of
the change in GM and WM volumes in the presence
of fat.

Regional cortical GM volumes from FreeSurfer segmentation (in cubic millimetres) for scans with and without externally placed fat layers.
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Figure 1 FreeSurfer segmented brain tissues of T1-weighted images: (top): segmented baseline images; (bottom):
corresponding segmented images obtained with fat added to the head. The arrows point to a large hypo-intensity on
images in the presence of fat.

Figure 2 Skull and fat stripped image signal intensity histograms. (a) Baseline image signal intensity histogram;
(b) signal intensity histogram in the presence of fat on the head. Notice the change in vertical scale of the overall
signal magnitudes from (143.0 × 106 ) in (a) down to (113.0 × 106 ) in (b). Also, notice the horizontal shift of the entire
histogram and of its signal maxima.

In this study we investigated the effects of
exogenous fat layers added to the head of three
healthy volunteers on measures of brain tissue volumes and WM signal hypo-intensities derived from
T1-weighted images. Using two different image
segmentation methods, we observed that the measurement values for total and lobar cortical GM
volumes were lower in the presence of added fat,
while those for total WM volumes were larger in
all participants in the presence of added fat. Furthermore, we detected a higher prevalence of WM
hypo-intensities on T1-weighted images in the presence of fat.
The cause of the smaller GM and larger WM volume measures in the presence of fat is unclear;
however, in the signal histograms we observed a
substantial shift of GM signal intensities into WM
intensities region in the presence of fat, which lead

to a greater overlap with signal representing WM.
This led to a lack of distinct features in the histogram and most likely led to misclassiﬁcation of
some GM tissue as WM tissue by the segmentation
software, which in turn could have resulted in the
altered tissue volume measures (i.e., decrease in
GM and increase in WM volumes). The reason for the
observed WM hypo-intensities on the T1-weighted
images in the presence of fat is also not known, but
B1 ﬁeld intensity variations (i.e., radio-frequency
ﬁeld non-uniformities) due to the presence of fat
could partly explain the results; non-uniformity
of the B1 ﬁeld gives rise to low MR signal intensities from regions that experience a lower B1
ﬁeld. Thus, in the presence of fat, signal may
decrease in certain WM regions below WM signal
threshold and get misclassiﬁed as WM hypo-intense
signal.
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In recent years, several MRI volumetric studies linked obesity/overweight with smaller regional
GM volumes, larger regional WM volumes and
higher prevalence of WM signal hyper-intensities
on T2-weighted images (which translate to hypointensities on T1-weighted images). These observations in the previous reports are similar to the
observations in this report, where fat placed on
the head led to apparent smaller GM volumes and
larger WM volumes as well as higher prevalence of
WM signal hypo-intensities on T1-weighted images.
Regional GM [4] and total GM [3] reductions of up
to 8% and 9% were observed in obese individuals,
which are of the order of the regional GM volume
reductions we observed with the FreeSurfer data
when fat was placed on the head of a participant.
Thus, our ﬁndings suggest that the associations of
obesity/overweight with these MR measures may at
least partly be attributable to potentially larger fat
stores surrounding the brain in obese/overweight
individuals giving rise to technical/physical issues
that affect MR signal intensities. Diffusion tensor
metrics, such as fractional anisotropy and diffusivity have also been reported to be affected by
obesity/overweight [16,17] and therefore warrant
assessing for possible physical effects from fat
surrounding the head. This work is rudimentary,
calling for more detailed studies to conﬁrm and
extend these intriguing ﬁndings because of their
clear relevance to interpreting MR ﬁndings in obesity/overweight.
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