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Individual differences In brain structure and functional connectivity related to
body mass index (BMI) and body fat percentage (BFP)
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Background and Aims

Gray and White Matter Volumetric Analyses (VBM) Functional Connectivity Analysis (rs-fMRI)

Obesity affects more than 850 million adults worldwide and is one of the leading causes of
death in first-world countries.

There are also well-established associations between higher adiposity, elevated impulsivity
and decreased cognitive performance.
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Previous studies have investigated the neural correlates of these obesity-related cognitive
effects, and have included: studies of gray and white matter volumes; white matter
microstructure;  or metabolic/functional activity. However, to the best of our knowledge, none
have investigated all of these factors in a single cohort.
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Therefore, the primary aim of this study was to identify differences in brain structure
function related to normal individual variability in body composition.
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1) Acquiring two independent measures of body composition - i.e., body mass index (BMI) and body Gray Matter Volume EL White Matter Volume — — — ot o e and gendr Conected o et nd gender Coected o et 2nd gendr
fat percentage (BFP); and Figure 3: Individual di erences in regional cortical volumes are correlated with body composition (i.e., BMI and/or BFP), corrected for age, gender and total intracranial volume. A) Gray matter voluifiesfivere|negatively (OMN) (ECN) (SN)
Correlgted with BMIn t_hree clgste_rs and negatively correlated with BFP_in two c_Iusters. No gray matter _structures demonstrated signi cant p_osi_tive corre!gtions with _either BMI or BFP. 'B) Whitegna erlz\/%ljurgwg_s WdliVidual di erences in resting state functional connectivity are correlated with body composition (i.e., BMI and/or BFP), corrected for age and gender. A) Previously de ned regions of intqlest
2) Comparing these to magnetic resonance imaging measures of local gray matter volume, white negatively correlated with BMI in six clusters and negatively correlated with BFP in seven clusters. No white matter structures demonstrated signi cant positive correlations with either BMI or BFP. NotR: %\l\n ARALOMTEA Btlas (Shirer et al., 2012) of the default mode network (DMN; red), the executive control network (ECN; green), and the salience network (SN; blue). Partial correlations (corrected fdff age

are displayed in neurological orientation, and are in normalized MNI space. Regions of the Salience Network (SN) are shown with a light brown outline.

matter volume, white matter microstructure, and functional connectivity using voxel-based performed between body composition data (BMI or BFP) and: B) DMN conne@&@®Nyc@nectivity, and D) SN connectivity.

morphometry (VBM), diffusion tensor imaging (DTI), and resting state functional MRI (rs-fMRI). ® Processing of whole-brain T 1-weighed images (1mm isotropic) was performed using SPM8 and the VBMS8 toolbox, and included:

= ! _ A _ : _ @® Processing of resting state BOLD fMRI data (222 volumes; 7.4 minutes) was performed using the SPM8 Conn toolbox, and
unified segmentation; non-linear (DARTEL) normalization to MNI space; image modulation; and 5 mm 3D smoothing.

Included: realignment; slice-time correction; coregistration; spatial normalization; 6mm 3D smoothing; motion compensation
(CompCor); artifact detection and removal (ART); and band-pass filtering (0.01-0.08 Hz).

® By running separate cluster-level GLM analyses for gray and white matter images, we found that:

1) Several gray matter regions (i.e., the amygdala, basal ganglia, lingual gyri, precuneus, as well as the precentral and postcental gyri) ® Each subject’s network connectivities were calculated by averaging bivariate correlations between all ROIs pairs (taken from a
demonstrated significant volume reductions with higher BMI and/or BFP ( Figure 3A ). previously published atlas; Figure 5A), and these were plotted against BMI and BFP, correcting for age and gender (Figure
5B-D). Of the three networks investigated (i.e., the DMN, ECN, and SN), we observed:

Body Composition (BMI and BFP)

2) Several white matter regions (i.e., the cingulum, corpus callosum, inferior fronto-occipital fasciculus, inferior and superior longitudinal
fasciculi, and regions proximal to the basal ganglia) also demonstrated volume reductions with higher BMI and/or BFP ( Figure 3B). 1) No significant relationships between DMN or ECN connectivity and either BMI or BFP ( Figure 5B-C), and

2) Significantly increased SN connectivity among higher BMI and BFP individuals ( Figure 5D ).

Figure 1:A) Age, B) Body Mass Index (BMBp@y Fat Percentage (BFP), and D) Muggle
Mass Percentage (MMP) for our study population (femedezpverall). *BMI less than ° Female R >
18.5 (dotted green line) is considered underweight; BMI between 18.5 and 25 (de 4
black line) is normal; BMI between 25 and 30 (dotted red line) is overweight; and

greater than 30 is obese.
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3) Neither gray nor white matter analyses (corrected for age, gender and intracranial volume) revealed local volumetric increases.

Discussion and Conclusions
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whereas BFP was measured using a Tanita BC-350 ‘ : ‘ ‘ ® Total brain size, as well as global gray and white matter

volumes were positively correlated with BMI and BFP in our
sample (Figure 6). However, many structures exhibited

bioelectric impedance scale.
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® As shown in both Figure 1 and Figure 2: Age 0 O 16 20 2 28 2 % 2 " 16 20 2 28 2 - " " significant volumetric decreases with higher BMI and BFP.
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E | Afrer bod " t ® Processing of diffusion-weighed images (30 directions; b = 700 s/mm ?) was performed using CATNAP, MRIStudio, SPM8, and 1) two independent measures of body composition (i.e., BMI and BFP) are correlated with aberrant
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