
▪  Data from the NIH MRI study of normal brain development 
database [7] were used: 586 MRI scans of subjects aged 6-18 
years scanned up to 3 times ~ 2 year intervals that had  
concurrent IQ testing on the Wechsler Abbreviated Scale of 
Intelligence (WASI) 

▪  IQ scores: 

              Full Scale IQ (FSIQ):         75 – 160 

              Performance IQ (PIQ):    72 – 157 

              Verbal IQ (VIQ):               74 – 156 

▪  The data were divided into two groups with equal number 
of scans (n = 293); the group with lesser IQ scores was 
defined as Low-IQ and the other with greater IQ scores as 
High-IQ group 

▪  Firstly, we looked at the group-difference in cortical 
thickness for low and high VIQ and PIQ groups after 
controlling for age, gender and brain volume using a mixed 
effects linear model for each group 

▪  Secondly, correlation strength maps [8] of cortical 
thickness showing coordinated changes at whole brain level 
were  computed for each group 

▪  Finally, graph theory was applied to the SCNs to reveal 
group-level network differences between the low and high 
PIQ and VIQ groups 

Introduction

▪  Several neuroimaging and behavioural studies have 
demons-trated correlations of intelligence with structural 
indices (grey matter density, cortical thickness) and 
functional activity [1,2,3] 

▪  Apart from the global correlations, numerous findings at 
the voxel- and region-level have shown unique regional 
correlations with intelligence in several brain regions 
including frontal, temporal and parietal lobes, hippocampus 
and cerebellum [2], indicating the need for network-level 
studies of intelligence [4]   

▪  Structural covariance networks (SCN), derived from 
correlations of cortical thickness, are ideal for such a study 
as they allow the investigation of statistical relations of each 
cortical location to     the rest of the cortex [5]   

▪  SCNs have been shown to be capture developmental 
changes   [6] as well as distinguish normal from diseased 
brains [5] 

▪  We postulate that SCNs might provide additional 
information hitherto unknown about cortical dynamics 
underlying the development of verbal and non-verbal 
(henceforth performance intelligence)
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                 Discussion

Results

Correlation Strength Maps representing overall 
Connectivity (r > 0.55, FDR-corrected)

Group difference in cortical thickness between Low- 
and High IQ groups
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▪  We observed significantly greater (p < 0.05, 
FDR-corrected) cortical thickness in temporal, 
inferior frontal and cingulate cortex for the high- 
compared to low-PIQ group; and in left frontal, 
left occipital and temporal regions for the high- 
compared to low-VIQ group  

▪  Correlation strength maps showed significant 
differences (p < 0.05, FDR-corrected) in several 
regions between the low and high VIQ groups, but 
not for PIQ groups. The constrained patterns of 
anatomical coupling among cortical regions may 
indicate a more selective and/or specific pattern.  

▪  Analysis of regional efficiency for IQ-related 
regions revealed significant increase in the left 
hemisphere regions for High-VIQ group. There 
were, however, no significant differences in case 
of PIQ groups.   
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Parieto-Frontal Integration Theory 
(P-FIT) model for IQ 

*

                          Comparison of Regional Efficiency between                                                            
                          Low- and High-PIQ 

                          Comparison of Regional Efficiency between                                                            
                          Low- and High-VIQ 

   Conclusion
▪  Greater cortical thickness in left frontal, left 
occipital and temporal regions for High-VIQ group 
might reflect greater dendritic arborization in the 
cortical regions involved in verbal skills. Such 
localized modifications of brain structure in 
specific/distinct cortical regions for High-VIQ 
group are in turn manifested in alterations of 
anatomical coupling among those regions, 
indicating a system-level reorganization that might 
lead to a more efficient organization in High-VIQ 
group. In conclusion, the findings of our paper may 
provide a network-level biological underpinning to 
why the brains of some people are more efficient 
in verbal skills than those of others. 


