
Poorer Recruitment of Intraparietal Sulcus  

in Number Processing in Children with Fetal  

Alcohol Spectrum Disorders 

K.J. Woods1,2, J.L. Jacobson2-4, C.D. Molteno4, J.C. Gore5,  

S.W. Jacobson2-4, and E.M. Meintjes1,2 
1MRC/UCT Medical Imaging Research Unit, University of Cape Town, 2Department of Human Biology, University of Cape Town, 3Department of  

Psychiatry and Behavioral Neurosciences, Wayne State University School of Medicine, 4Department of Psychiatry and Mental Health,  

University of Cape Town, 5Vanderbilt University Institute of Imaging Sciences, Vanderbilt University 

References 
1. Burden, M.J. (2005), 'The relation of prenatal alcohol exposure to cognitive processing speed and efficiency in childhood', Alcoholism: 
Clinical and Experimental Research, vol. 29, no. 8, pp. 1473-1483.  
2. Dehaene, S. (2003), 'Three parietal circuits for number processing', Cognitive Neuropsychology, vol. 20, no. 3-6, pp. 487-506.  
3. Dehaene, S. (2004), 'Arithmetic and the brain', Current Opinion in Neurobiology, vol. 14, no. 2, pp. 218-224.  
4. Jacobson, J.L. (2011), ‘Number processing in adolescents with prenatal alcohol exposure and ADHD:  Differences in the neurobehavioral 
phenotype’, Alcoholism: Clinical and Experimental Research, vol 35, no. 3, pp. 431–442. 
5. Jacobson, S.W. (2011b), ‘ Biobehavioral markers of adverse effect in fetal alcohol spectrum disorder’,  Neuropsychology Review, vol. 21, 
pp. 148-166.  
6. Jacobson, S.W. Chiodo, (2002), ‘Validity of maternal report of alcohol, cocaine, and smoking during pregnancy in relation to infant 
neurobehavioral outcome’, Pediatrics, vol. 109, pp. 815-825.  
7. Jacobson, S.W. (2011), ‘Impaired delay and trace eyeblink conditioning in school-age children with fetal alcohol syndrome’, Alcoholism: 
Clinical and Experimental Research, vol. 35, no. 2, pp. 250-264. 

Introduction 
Among the broad range of cognitive outcomes affected by prenatal 
alcohol exposure, number processing is particularly sensitive to prenatal 
exposure [1,4,9] and is consistently more impaired than reading or 
spelling on academic achievement tests. In a meta-analysis, Dehaene and 
colleagues [2] identified five parietal regions critical to number 
processing: bilateral horizontal intraparietal sulcus (HIPS), bilateral 
posterior superior parietal lobe (PSPL), and left angular gyrus (AG). The 
HIPS is activated in tasks involving nonverbal abstract representation of 
numerical quantity [3]; left AG, during manipulation of numbers in a 
verbal format [2]; and PSPL supports attentional orienting. We 
investigated the effect of prenatal alcohol exposure on brain activation in 
these regions during number processing.  
 

Methods 
59 right-handed Cape Coloured children (7.9 to 13.4 years; median=10.4; 
14 fetal alcohol syndrome (FAS) or partial FAS (PFAS), 21 non-syndromal 
heavily exposed (HE), 24 controls) were scanned using a Siemens 
Symphony 1.5T scanner in Cape Town, South Africa. Prenatal alcohol 
exposure in this Cape Town community, which is among the highest in the 
world [8], was assessed by interviewing the mothers about their drinking 
during pregnancy using a timeline follow-back interview [7,6]. Measures 
included oz absolute alcohol (AA)/day averaged across pregnancy and 
AA/drinking occasion. AA/day was  log transformed to reduce skewness.  
 
 
 
 
 
 
 
 
 
 
 
 
fMRI analyses were performed using BrainVoyager QX (Brain Innovation). 
Preprocessing included correction for different slice acquisition times and 
linear trends, temporal smoothing, and motion correction.  
 
Regions of interest (ROIs) were defined as spheres, radius 6mm around 
the centres of the five parietal number processing regions derived from 
Dehaene et al.’s [2] meta-analysis. 
 
 
 
 
 
 
Random effects analysis of variance was performed on the average signal 
in each ROI using a general linear model. Beta values were used to 
estimate % signal change during the numeric task compared to the 
control task. Outliers in differences in % signal change (>2 SD from mean) 
were removed. Differences were examined both in relation to FASD 
diagnostic group and as a function of degree of prenatal alcohol exposure 
based on maternal report of alcohol consumption during pregnancy. 
 
 

 
 

For the EA task, data from 9 FAS/PFAS, 13 HE, and 17 control children were 
included. For PJ, data from 11 FAS/PFAS, 18 HE, and 18 control children were 
used.   

 
Results 
Groups did not differ in accuracy on either task, but the FAS/PFAS group 
completed fewer trials correctly than either of the other groups during PJ 
(F(2,44)=3.40 p<0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Increased AA/day was associated with decreased activation in the right HIPS 
during both Exact Addition (r = -0.50, p < 0.01) and  Proximity Judgment  (r = 
-0.37, p < 0.51). Similarly, increased AA/drinking occasion was associated 
with   decreased activation in  the right  HIPS during both  Exact Addition (r = 
-0.47, p < 0.003) and Proximity Judgment (r = -0.39, p < 0.007). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Conclusions 
The association of prenatal alcohol exposure with reduced activation in the 
right HIPS in both number processing tasks is consistent with behavioral 
evidence from studies in both Detroit [4] and Cape Town [5] suggesting a 
specific fetal alcohol-related deficit in the ability to represent and manipulate 
quantity, which has been repeatedly localized to the HIPS [2,3]. The finding 
of greater activation of the left angular gyrus in the PJ task in the FAS/PFAS 
group suggests that children in this group may have been more likely to use a 
verbal arithmetic strategy to perform simple PJ magnitude comparisons that 
were performed more automatically by the other groups. The greater 
activation in the left PSPL by the children who performed the PJ task more 
slowly suggests increased attention possibly to compensate for reduced 
facility in magnitude representation. Consistent with previous findings, the 
continuous prenatal alcohol measures were more sensitive to these deficits 
in neural activation than the clinical diagnoses. 
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The FAS/PFAS group showed 
significantly greater activation of 
the left angular gyrus during PJ 
than either of the other groups. 

Children with fewer correct trials 
showed greater activity in left 
PSPL (r=-0.35, p<0.05). 

fMRI data were acquired 
during exact addition (EA) 
(e.g., “2+3=5 or 6?”),  
proximity judgment (PJ) (e.g., 
“Is 5 closer to 4 or 7?”) and a 
control task (Greek letter 
matching) [9]. Data of runs for 
which children scored <66% 
were excluded from further 
analyses. 
 


