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Introduction

Consistent, yet weak, correlation between measurements of intelligence 
and brain structure has long been demonstrated (Toga and Thompson, 
2005; Thompson et al., 2001). A meta-analysis has found a correlation 
between brain volume and IQ of 0.33 (McDaniel, 2005), implying that up 
to 10% of the variation on IQ could be explaned solely by brain volume. 
The association has been suggested to be of genetic origin (Posthuma et 
al., 2002). More recently, studies have focused on regional 
measurements as a way to refine the analysis and identify brain areas of 
stronger correlation (Hulshoff-Pol et al., 2006; Narr et al., 2007; Choi et 
al., 2008). Most of these studies used measurements of cortical 
thickness, or methods that compare tissue type distribution such as 
voxel-based morphometry (VBM).

However, brain volume is not correlated with cortical thickness, but with 
cortical surface area (Winkler et al., 2010). Surface area is also 
correlated with regional VBM measurements. Moreover, the cortical 
surface area and its thickness are phenotypically and genetically 
uncorrelated (Panizzon et al., 2009; Winkler et al., 2010). Therefore, 
attempts to further understand results obtained from brain volumes and/
or VBM should ideally look at the cortical surface area.

In this study we test for genetic correlation between IQ and these two 
independent measurements of brain anatomy: cortical thickness and 
surface area. 
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Method

High-resolution T1-weighted MRI scans were acquired from 632 subjects 
from randomly selected extended pedigrees. Automated, surface-based 
methods as implemented in FreeSurfer were used to derive measures of 
gray matter thickness and cortical surface area for regions defined from 
macroscopic landmarks (Dale et al., 1999; Desikan et al., 2006). Full-
scale IQ was assessed using the third revision of the Wechsler Adult 
Intelligence Scale (WAIS-III) on all subjects. Genetic analyses were 
performed using a variance-components method (Almasy and Blangero, 
1998), as implemented in the SOLAR software package.

Results

IQ was phenotypically more significantly correlated with global brain 
surface area than with global average cortical thickness. The same was 
observed for the genetic correlations (Table 1). Regionally, the 
correlation was phenotypically and genetically more significant for the 
surface area of frontal regions, notably for regions in the middle and 
inferior frontal and orbitofrontal gyrus, as well in the cingulate (Figure 
1). Cortical thickness was not significantly correlated with IQ for any 
brain region, even using liberal, FDR-corrected significance levels 
(Figure 2).

Table 1: Correlations between IQ and global measurements of brain 
anatomy.
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Figure 1: Genetic, environmental and phenotypic correlations between IQ and regional measurements of cortical surface area and thickness.
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Figure 2: FDR thresholds for the ordered p-values for the regional genetic, 
environmental and phenotypic correlations. Surface area produced more significant 
correlations than cortical thickness, both genetically and phenotypically. The 
correlation seems weak, but consistent across many brain regions.
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