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Brain Structure and Obesity
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Introduction: With one billion overweight and 300 million obese people worldwide, cardiovascular
health is a major public health concern. Obese people are at higher risk for diabetes, cardiovascular
disease, hypertension, and stroke. These diseases increase risk for cognitive decline and dementia,
and factors that lead to obesity may promote brain atrophy. We investigated whether being obese or
overweight (determined using body mass index, BMI) is associated with structural brain atrophy in
cognitively normal elderly people.
Methods: Tensor-based morphometry (TBM) was applied to 3D MRI scans from 94 cognitively
normal subjects (mean age 77.3 yrs ± 3.2) from the Pittsburgh Cardiovascular Health Study Cognition
Study (CHS-CS; Lopez et al., Arch. Neurol., 2007). Maps encoding volumetric differences between
each subject and a mean deformation template were derived, using a 3D nonlinear elastic registration
technique (Hua et al., 2008 for method details). We created 3D maps of regional volume deficits
between (i) Obese (BMI > 30) versus normal BMI groups (BMI 18.5-25) [Fig 2]; (ii) Overweight
(BMI 25-30) versus normal groups; and (iii) Obese versus overweight groups [Fig 3]. Correlation
maps (r) to measure effect sizes were projected onto the standard single subject MNI template [Fig
1-3]. All analyses controlled for age, gender, head size, race, and type II diabetes mellitus. False
discovery rate methods were used to correct for multiple comparisons.
Results: Overall BMI effects are displayed [Fig 1] showing a greater than 4% loss in orbitofrontal
cortex and anterior cingulate for every one standard deviation gain in BMI. Between-group
multivariate analyses showed statistically significant brain atrophy in obese versus normal subjects
and in overweight versus normal subjects after controlling for age, sex, and race. Obese versus
normal: Lower gray and white matter volumes were observed in frontal lobes, anterior cingulate
gyrus, hippocampus, basal ganglia, and superior temporal gyrus in obese versus normal subjects [Fig
2]. Overweight versus normal: Lower gray and white matter volumes were detected in basal ganglia,
parietal lobe, and corona radiata in overweight versus normal subjects [Fig 3].
Conclusions: Obese people have lower regional brain volumes than matched normal weight persons
in key areas for cognitive function. Persons who are overweight also have brain atrophy compared to
those with a normal BMI. These findings persisted despite adjusting for potential confounders and
suggest that controlling body fat tissue content may promote healthy brain aging.
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