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Abstract

Background: Neuroimaging studies have indicated that prenatal alcohol exposure is associated 

with alterations in the structure of specific brain regions in children. However, the temporal and 

regional specificity of such changes and their behavioural consequences are less known. Here we 

explore the integrity of regional white matter microstructure in infants with in utero exposure to 

alcohol, shortly after birth.

Methods: Twenty-eight alcohol-exposed and 28 healthy unexposed infants were imaged using 

diffusion tensor imaging sequences to evaluate white matter integrity using validated tract-based 

spatial statistics analysis methods. Second, diffusion values were extracted for group comparisons 

by regions of interest. Differences in fractional anisotropy (FA), mean diffusivity (MD), axial 

diffusivity ( AD) and radial diffusivity were compared between groups and associations with 

measures from the Dubowitz neonatal neurobehavioural assessment were examined.

Results: Lower AD values (p < 0.05) were observed in alcohol-exposed infants in the right 

superior longitudinal fasciculus compared with non-exposed infants. Altered FA and MD values in 

alcohol-exposed neonates in the right inferior cerebellar were associated with abnormal neonatal 

neurobehaviour.
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Conclusion: These exploratory data suggest that prenatal alcohol exposure is associated with 

reduced white matter microstructural integrity even early in the neonatal period. The association 

with clinical measures reinforces the likely clinical significance of this finding. The location of the 

findings is remarkably consistent with previously reported studies of white matter structural 

deficits in older children with a diagnosis of foetal alcohol spectrum disorders.
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Introduction

The physical and neurodevelopmental effects of prenatal alcohol exposure have been 

formally documented in the medical literature since the seminal reports published by Jones 

et al. (1,2) 40 years ago. The current literature most commonly uses the term foetal alcohol 

spectrum disorders (FASD) to incorporate a range of conditions relating to maternal alcohol 

abuse, including a defined range of effects of prenatal alcohol exposure in individuals not 

meeting full criteria for foetal alcohol syndrome (FAS) (3). Central nervous system (CNS) 

development and maturation require a carefully patterned sequence of events. These 

developmental processes are more complex and extend over a longer period than those of 

any other organ system. Thus, the CNS is particularly vulnerable to prenatal environmental 

influences (4,5). Animal work and human imaging studies have demonstrated that in utero 
exposure to alcohol alters brain morphology and neurocircuitry across multiple brain regions 

(6,7).

White matter microstructure can be measured in vivo with diffusion tensor imaging (DTI) 

and can estimate the overall directional diffusion of water molecules along fibre pathways 

(8,9). Analysis of this data allows the degree of microstructural integrity and organisation of 

areas within the brain tissue to be determined. Traditional scalar metrics derived from DTI 

data include fractional anisotropy (FA), which quantifies the overall directionality of 

diffusion, and may represent variations in axon integrity and/or packing density. In contrast, 

mean diffusivity (MD), which provides a measure of average diffusivity, may reflect myelin 

degradation, decreased cellular density or increased extra- or intracellular volumes. High FA 

and low MD values are typically associated with healthier neural microstructure and 

improved behavioural function, whereas low FA and high MD values may indicate white 

matter pathology (10,11). Radial diffusivity (RD) specifically reflects perpendicular 

diffusion towards membranes; RD is higher when myelination is reduced or there is myelin 

damage. Axial diffusivity (AD) specifically measures diffusion along axons. This is believed 

to be increased when neurofilaments are damaged (12) or decreased when axonal damage is 

present (13,14). However, it is also relevant to note that during brain maturation in healthy 

children and adolescents, axonal pruning and other biological processes may also lead to 

reduced FA (15,16).

A recent review of DTI studies in older children and young adults exposed to alcohol 

prenatally reported white matter microstructural abnormalities (lower FA) in the corpus 

callosum, anterior-posterior fibre bundles and the cerebellum (7,17–22). These abnormalities 

Donald et al. Page 2

Acta Neuropsychiatr. Author manuscript; available in PMC 2019 April 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have also been reported in frontal (23,24) and temporal lobe regions (24,25), and within 

subcortical structures (globus pallidus, thalamus and putamen) (24,26). Relatively few 

studies have addressed associations between white matter microstructural abnormalities and 

specific measures of cognitive and behavioural function (25,27). Although negative findings 

have been reported for several functional domains, Sowell et al. (25) showed associations 

between reduced performance on a measure of visuomotor integration and reduced FA in the 

splenium of the corpus callosum and parietal white matter. Lebel et al. reported significant 

associations between reduced FA in the left parietal lobe, cerebellum and brainstem with 

mathematical ability in 5–13-year-old children (27). Correlations between white matter 

microstructural integrity and eye-blink conditioning have been reported by Fan et al. (28) 

and oculomotor control by Green et al. (29) in a group of school-age children with prenatal 

alcohol exposure. These results suggest the clinical significance of the DTI findings in these 

brain regions, at least in children of school-going age. To date, very little data exists 

regarding the impact of prenatal alcohol exposure in early infancy before higher-level brain 

networks have become established or the confounding postnatal environmental influences to 

which children from these backgrounds are exposed have come into play. Taylor et al. (30) 

have reported altered AD in 11 alcohol-exposed neonates in six major network areas, 

including the association networks (superior longitudinal fasciculus, inferior longitudinal 

fasciculus and uncinate fasciculus). Beyond this recent report, there remains few other data 

on white matter microstructure at this early period or an association with functional 

measures such as early neurobehaviour.

To address gaps in the current literature concerning the presence, timing and regional 

specificity of altered white matter structural integrity in association with prenatal alcohol 

exposure, we conducted this study in South Africa, where estimates of prevalence for FAS 

are extremely high in certain communities. That is, globally quoted prevalence is between 2 

and 7/1000 for FAS and between 20 and 50/1000 for FASD (31). In contrast, though no 

national data are available, in South Africa prevalence has been reported to be as high as 

63/1000 for FAS and 155/1000 for FASD in a periurban Western Cape community (32). 

Using a cohort from this community, the current study thus investigated whether the impact 

of prenatal alcohol exposure on early white matter microstructural integrity may be 

discernible in neonates and whether associations with neurobehavioural and physical 

measures of neonatal neurological health such as head circumference are present. Based on 

the literature in children and adolescents with FASD, we predicted that disruptions in white 

matter integrity would occur in association pathways connecting frontal and temporal 

regions and in the cerebellum (33).

Methods

Study design, population and procedures

The current investigation is a nested sub-study that included infants enroled in a larger 

population-based birth cohort study, the Drakenstein Child Lung Health Study (DCLS). This 

larger study was located in the Drakenstein region of the Western Cape, South Africa, in a 

low- to middle-income community of ~200 000 people in which there is limited migration. 
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This area has a well-established, free primary health care service. Approximately 90% of 

women in this area seek public sector antenatal care and child health services.

The umbrella study enroled more than 1000 pregnant women, followed them through 

childbirth until children reached 2 years of age. In this nested sub-study, 116 infants were 

assessed; 54 infants with significant alcohol exposure and 62 infants with no significant 

history or biological evidence of substance abuse.

Mothers were recruited at 20–24 weeks gestation, written informed consent obtained, and 

background data collected for the umbrella study as described by Stein et al. (34). For the 

group with alcohol exposure, mothers were screened based on a minimum score of 11 

(indicating that a participant is at moderate to high risk of experiencing severe problems as a 

result of their current pattern of use) on the alcohol questions on the ASSIST questionnaire – 

a widely validated World Health Organization (WHO) scale to assess comorbid substance 

use (35,36). In addition to this initial screen, mothers were required to give a positive history 

of alcohol use in any of the three trimesters of pregnancy at levels consistent with WHO 

moderate–severe alcohol use (either drinking two or more times a week or two or more 

drinks per occasion; Table 2). After birth, infants from mothers identified through this 

approach were included for study unless the mothers also had a positive urine screen for 

other drugs of abuse (any group) (37), the infants were premature (<36 weeks) or had low 

apgar scores (<7 at 5 min) and/or history of neonatal ICU admission for hypoxic ischaemic 

encephalopathy or other significant neonatal complication (such as neonatal jaundice 

requiring phototherapy). Infants were also excluded if they had an identified genetic 

syndrome or congenital abnormalities.

Two- to four-week-old infants underwent brain imaging, wrapped and fed, in quiet natural 

(unsedated) sleep. Earplugs and mini-muffs were used for double ear protection; a pulse 

oximeter was used to monitor pulse and oxygenation, and a qualified neonatal nurse or 

paediatrician was present with the infant in the scanner room for the duration of the imaging 

session. At the time of scanning, basic anthropometry was acquired including weight, 

occipito-frontal head circumference and length. The Dubowitz neurobehavioural scale, a 

well-validated measure of neonatal neuromotor and neurobehavioural status, was used to 

study early neurological and behavioural state. This tool includes an optimality score 

allowing it to be used for quantitative analysis of potential associations with neuroimaging 

findings. The score is based on the distribution of the scores for each item in a population of 

low-risk term infants. The total optimality score is the sum of the optimality scores of 

individual items. However, for this study, specific item clusters were chosen as being of 

particular interest in this population. As defined by the Dubowitz scale authors, the 

‘behaviour’ cluster includes items scoring irritability, cry, consolability, alertness, visual and 

auditory orientation and eye movements. The ‘abnormal signs’ cluster has focus on posture, 

tremor and startle items (38,39).

Ethical approval for human subjects research was obtained from the Research Ethics 

Committee of the Faculty of Health Sciences of University of Cape Town (HREC UCT REF 

401/009) for the DCLS. This sub-study protocol was independently reviewed and approved 

by the same institutional ethics committee (HREC UCT REF 525/2012).
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DTI acquisition

Diffusion weighted images were acquired on a Siemens Magnetom 3T Allegra MRI system 

(Allegra MR2004A, Germany) with an RF transmit/receive head coil using a spin-echo, 

echo-planar sequence and including 45 non-collinear directions. To overcome limitations 

with scanning smaller volumes of tissue, voltage was reduced to optimise signal and the 

head coil was loaded with a wet clay inlay (40×40 cm with a thickness of 2 cm, standard 

sculpting clay commercially bought – white stoneware clay with grog). Images were 

obtained in the transverse plane with both anterior–posterior and posterior–anterior phase 

encoding to control for anatomic distortions and increase signal-to-noise. Parameters were as 

follows: repetition time (TR) 7900 ms; echo time (TE) 90 ms; slice thickness 1.6 mm; held 

of view 160 mm; voxel size 1.3 × 1.3 × 1.6 mm3; b-values 0 and 1000 s/mm2. Scan time per 

phase encoding acquisition was 6:27 min with a total time of 12 : 54 min for both 

acquisitions.

Data processing

Data were analysed using a whole-brain approach followed by selected regions of interest. 

First, the FMRIB’s Diffusion Toolbox and Tract-Based Spatial Statistics (TBSS) processing 

streams (FSL vs. 5.0) (40) were used to investigate diffusion of the whole brain, selecting a 

representative anatomical template from the sample as is described below. Second, diffusion 

values were extracted after preprocessing with FSL and data exported to Statistica 12 

(StatSoft Inc.) for group comparisons by regions of interest that include white matter tracts 

that connect temporal and cerebellar regions with cortical areas. Analyses were controlled 

for gender and age, due to the rapidly evolving white matter maturation that occurs early in 

infant life (16,41).

Preprocessing using FSL

Acquiring images in such small infants poses technical and logistical challenges. To ensure 

good quality data, strict criteria (images with at least 12 acquisition volumes without 

artifact) were deemed as the cut-off for inclusion for data pre-processing and statistical 

analyses. The Diffusion Toolbox was applied following manual quality control of data from 

each subject. Each subject’s diffusion weighted image was registered to the corresponding b 
= 0 image to correct for motion and eddy current distortion. Three b0 images were acquired. 

The susceptibility-induced off-resonance held was estimated for the pair of images using the 

FSL top-up tool after which the two images were combined into a single corrected image 

(42). Images were then brain-extracted with the Brain Extraction Tool and diffusion tensors 

were calculated at each voxel with a weighted least squares fit of the tensor model to the 

diffusion data. FA, MD, AD and RD images were subsequently attained for each subject.

Whole-brain TBSS

The standard TBSS pipeline was applied (40). However, the FMRIB adult FA template is not 

appropriate for neonatal DTI analysis. Standard practice in FSL allows the user to identify 

an anatomical target after preprocessing that included stringent eddy correction and outlier 

rejection. Thus, every subject was registered to a representative target that was pre-selected 
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from the control cohort. Each subject was registered to every other subject to find the most 

representative target, that is, the target with the lowest mean warp coefficient.

Individual FA images were aligned into the target image space and upsampled to 1 × 1 × 1 

mm3 voxel size taking into account previous estimated transformations. An average FA map 

was created and thinned to generate a mean FA skeleton. This skeleton represents the centre 

of all white matter tracts common to the study group. The skeleton was thresholded at an FA 

value of 0.2. As this study was explorative, we opted for a more stringent threshold 

compared with that of some previous infant studies that used a threshold of 0.15. FA and 

MD data were projected onto this skeleton before statistical analysis.

Variations in DTI metrics were examined voxelwise using FSL’s Randomise tool. 

Specifically, t-tests and correlational analyses (5000 permutations per test) were used to 

investigate group differences. Analyses were corrected for multiple comparisons using 

threshold-free cluster enhancement.

Analysis by regions of interest

Group main effects were investigated using extracted diffusion data by region of interest 

after FSL preprocessing. Individual brains were registered to the standard FMRIB58_FA 

template using affine registration. Mean diffusion values were then extracted by subject for 

regions of interest using the Johns Hopkins University white-matter atlas (43). Regions of 

interest were major white matter tracts that connect temporal and cerebellar regions to the 

cortex. These included association fibres (superior longitudinal fasciculus, superior fronto-

ocipital fasciculus and uncinate fasciculus), tracts of the brain stem and cerebellum 

(cerebellar peduncles, corticospinal tract and cerebral peduncle), projection fibres (posterior 

thalamic radiation, fomix and cingulum) and commissural fibres (corpus callosum). Separate 

general linear models were used with infant age (in days) and gender as covariates. Results 

were Bonferroni corrected. Partial correlational analysis was used to investigate associations 

between diffusion parameters and behaviour, controlled for age and gender. Raw scores on 

the Dubowitz behaviour and abnormal signs subscales, were converted to optimality scores 

as described by Dubowitz et al. (39) for comparison. Tests were two-tailed and considered 

significant at p < 0.05.

Results

From the cohort of infants enroled in the study, 13 scans from the initial alcohol-exposed 

group (n = 54) and seven scans from the control group (n = 62) were excluded due to 

movement or other artifacts and DTI imaging data was not acquired (infants awoke during 

the sequence so it could not be completed) for an additional 13 alcohol-exposed infants and 

27 controls. Thus, the final sample for the present analysis included 28 alcohol-exposed 

infants and 28 healthy infants (Table 1). There were no significant differences in the mean 

values for gestational age, postnatal age at scanning, weight, length and head circumference 

for alcohol-exposed infants compared with controls. Although maternal smoking in 

pregnancy was prevalent in this cohort, there was no difference in this exposure between 

alcohol-exposed and control infants. There was a significant difference between the scores 

on the behaviour subscale of the Dubowitz for the infants exposed to alcohol prenatally 
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compared with control infants [t = 2.13, p = 0.04]. Alcohol exposure was clustered to the 

first trimester, with 86% of mothers reporting alcohol use in this trimester. However, a third 

of mothers in the exposed group reported continued drinking through the second and third 

trimesters and those who continued to drink throughout demonstrated a pattern of heavier 

alcohol use (Table 2).

Whole-brain group comparison of diffusion parameters

There were no significant group differences in any diffusion parameter.

Head circumference was significantly positively correlated with FA, and significantly 

negatively correlated with MD, AD and RD across groups essentially in all white matter 

tracts.

Using general linear models by region of interest, there was evidence for a significant 

difference in diffusion by group in major white matter fibres that interconnect temporal, 

frontal and parietal regions. There was significantly lower AD in the right superior 

longitudinal fasciculus of alcohol-exposed infants compared with controls [F(3,52) = 3.46, p 
= 0.023] after correction for age and gender (Table 3, Fig. 1).

Behavioural measures scores on the behavioural subscale were positively correlated with FA 

(r = 0.42, p = 0.033) and negatively correlated with MD (r = −46, p = 0.018) in the right 

inferior cerebellar peduncle of alcohol-exposed infants.

Discussion

Here, we report the effects of prenatal alcohol exposure on the white matter integrity of 

exposed infants as compared with a well-matched unexposed control group. Prenatal 

alcohol-exposed infants were found to have lower AD in the superior longitudinal fasciculus 

compared with controls. Lower FA and higher MD in the inferior cerebellar peduncle were 

both correlated significantly with neonatal neurobehavioural scores in infants with prenatal 

alcohol exposure.

White matter microstructural abnormalities have been described in the anterior–posterior 

association pathways in prenatal alcohol-exposed children (33), specifically in the superior 

longitudinal fasciculus (22) and more recently even in the neonatal age group in these areas 

(30). Our findings in a larger, independent group of infants exposed to alcohol during 

prenatal life, replicating the report of reduced AD in the superior longitudinal fasciculus, 

reinforces the significance of these findings. The superior longitudinal fasciculus is one of 

the major fibre bundles linking frontal, temporal and parietal association cortices. Functions 

of these networks are believed to include associative tasks, higher level motor tasks, visual 

perception and attention. While these are not functions that can be teased out in the neonatal 

age group, they are functional areas, which have been identified as being affected in children 

with prenatal alcohol exposure (44,45). Following up these infants with developmental and 

behavioural assessments as they mature may help further define the functional significance 

of the abnormal white matter microstructure in these tracts.
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Cerebellar structure has been found to be affected by prenatal alcohol exposure in children 

even taking into account differences in overall brain volumes (7,46). In addition, O’Hare et 

al. (47) demonstrated impaired verbal learning as a cognitive correlate of abnormal 

cerebellar vermis morphology. Further, Fan et al., (28) have reported lower FA and higher 

MD associated with eye-blink conditioning and Green et al., (29) a correlation of FA with 

oculomotor control in a group of school-age children with prenatal alcohol exposure. In our 

alcohol-exposed infants, the presence of an association between infant neurobehaviour 

scores with bilateral reduced FA and higher MD in the cerebellar peduncles, which link the 

cerebellum to the important cerebral motor and language networks, reinforces the role of 

these pathways in the primary effects of alcohol exposure on early brain development.

There was a significant association between reduced FA and smaller head size in these 

infants across both groups. This was a robust and widespread finding across multiple white 

matter areas and suggests that infants who have poorer overall brain growth in the antenatal 

and immediate postnatal period demonstrate poorer white matter organisation. Although 

there was a reduced mean occipito-frontal circumference in the alcohol-exposed group 

compared with the unexposed controls, this finding did not reach statistical significance. 

This is not entirely surprising as the infants in the alcohol-exposed group have not been 

categorised by anything other than their exposure status and many of them may represent 

milder forms of the FASD spectrum. Follow-up of this group of prenatal alcohol-exposed 

children will be critical. Clinical outcomes may well vary in later childhood where other 

factors such as social, nutritional and other environmental factors may have impact.

The rate of brain development and in particular the rapidly maturing white matter tracts in 

the 1st weeks and months of life, as well as the paucity of imaging literature in this age 

group mean that the dynamics of exactly how DTI metrics relate to tissue microstructural 

integrity and organisation is still incompletely understood. What is known is that the rate of 

white matter maturation is most rapid in the first 3 months of life (as compared with any 

other period) and that deep white matter structures (such as those we have reported here), 

already achieve approximately one half of the mean adult FA at this age. However, 

peripheral white matter remains barely discernible at the thresholds of detection (8,48). In 

this context, one has to assume that abnormal results especially in the large midline tracts 

should be considered as potentially relevant.

Limitations of the current study relate to the reduction of sample size due to movement 

artefact, this also led to an unbalanced ratio of female to male infant data used in the current 

analyses. In addition, although information was collected on the timing and severity of 

alcohol exposure, the number of infants for whom we acquired usable DTI data was 

insufficient to make meaningful comparisons between these exposure categories in order to 

help define particular windows of vulnerability to the effects of alcohol during the prenatal 

period. It is important to note that analyses were conducted in infants before any formal 

diagnosis could be made and thus effect sizes are expected to be smaller. Further, given the 

strong influence of age on DTI parameters (reflecting the rapid changes in myelination and 

maturation), although this was controlled for in the analysis, may have masked group 

differences resulting from prenatal alcohol exposure. The paucity of data in this age cohort 

is an important knowledge gap and it remains highly relevant to provide observations of 
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differences in white matter integrity to inform future studies and aid with the interpretation 

of the available data in older children. These data, representing congruent trends in an age-

group, which has not been previously described, is a meaningful addition to the literature in 

this important area.

In conclusion, the results reported here indicate that the neurobiological effects of prenatal 

alcohol exposure are observable in newborns, with reduced white matter integrity in major 

midline white matter tracts. The location of the findings is consistent with previously 

reported studies of white matter tracts in older children with FASD. Future work with larger 

cohorts may be able to identify specific windows of vulnerability to the effects of alcohol on 

the developing brain. In addition, the presence of findings such as these in such a young 

cohort presents the possibility of exploring the effectiveness of early therapeutic approaches 

using non-invasive neuroimaging techniques.
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Significant outcomes

• White matter microstructural integrity altered in newborns exposed to alcohol 

during antenatal period.

• Main effects were seen in central fibre tracts, particularly the superior 

longitudinal fasciculus.

• These data, represent congruent trends in an age-group about which very little 

is currently known.
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Limitations

• The size of the sample limited the ability to make meaningful comparisons 

between exposure severity and timing categories in order to help define 

particular windows of vulnerability to the effects of alcohol during the 

prenatal period.
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Fig. 1. 
Association tracts superimposed on a 3D brain template. Yellow (SLF): superior 

longitudinal fasciculus; green (ILF): inferior longitudinal fasciculus; blue (UNC): uncinate 

fasciculus. Axial diffusivity was significantly lower in the right superior longitudinal 

fasciculus of alcohol-exposed infants compared with controls.
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Table 1.

Demographic, anthropometric and Dubowitz data of infants

Alcohol-exposed (n = 28) Controls (n = 28) Statistics

Gestation (weeks, SD) 38.36 (1.81) 38.50 (1.80) t = −0.30, p = 0.77

Maternal smoking (yes/no) 13/15 19/9 −χ2 = 2.63, p = 0.11

Age (days, SD) 20.71 (5.29) 19.96 (4.92) t = 0.55, p = 0.58

Sex (male/female) 13/15 19/9 χ2 = 2.63, p = 0.11

Weight (kg, SD) 3.69 (0.56) 3.99 (0.71) t = −1.77, p = 0.08

Head circumference (cm, SD) 35.63 (1.28) 36.18 (1.75) t = −1.34, p = 0.18

Length (cm, SD) 49.81 (3.40) 50.56 (4.59) t = −0.69, p = 0.49

Dubowitz optimality scores [mean, (SD)]

Tone (/10) 8.09 (1.83) 8.32 (1.35) t = 0.54, p = 0.59

Reflex (/6) 4.83 (0.46) 4.79 (0.37) t = 0.42, p = 0.67

Spontaneous movement (/2) 1.98 (0.09) 2.00 (0.00) t = 1.00, p = 0.32

Behaviour (/7) 4.39 (1.13) 3.74 (1.14) t = 2.13, p = 0.04*

Abnormal signs (/3) 2.79 (0.42) 2.61 (0.92) t = 0.94, p = 0.35

*
p<0.05.
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Table 2.

Alcohol use of mothers by trimester

Trimester 1 Trimester 2 Trimester 3

Alcohol usage (n, %) 24 (86) 12 (43) 9 (32)

 Once per week or less 18 7 3

 2 to 3 times per week 5 5 6

 4 to 5 times per week 1 0 0

 Daily 0 0 0

Number of drinks per occasion

 <2 2 1 0

 2 to 3 6 3 1

 4 or more 16 8 8
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Table 3.

Results of group differences in diffusion parameters by regions of interest

FA MD AD RD

Hemisphere F p F p F p F p

Superior longitudinal fasciculus R 1.25 0.301 1.35 0.269 3.46 0.023
† 0.76 0.520

L 1.49 0.228 0.56 0.643 2.25 0.093 0.15 0.932

Superior fronto-occipital fasciculus R 0.60 0.615 0.66 0.581 0.95 0.424 0.41 0.748

L 0.05 0.987 0.27 0.844 0.27 0.847 0.26 0.856

Uncinate fasciculus R 2.20 0.099 0.13 0.943 0.35 0.786 0.25 0.863

L 1.61 0.197 1.26 0.296 1.35 0.268 1.21 0.317

Cerebellar peduncle

 Inferior R 1.26 0.299 2.94 0.042* 3.31 0.027* 2.74 0.053

L 1.11 0.352 0.85 0.473 0.12 0.945 1.11 0.353

 Middle 1.02 0.390 2.40 0.078 2.89 0.044* 2.12 0.109

 Superior R 1.28 0.292 0.38 0.770 0.90 0.449 0.41 0.746

L 2.57 0.064 1.17 0.330 2.51 0.068 0.31 0.820

Corticospinal tract R 2.43 0.076 3.05 0.037* 1.98 0.129 3.56 0.020*

L 0.70 0.557 0.36 0.786 0.63 0.600 0.37 0.772

Cerebral peduncle R 0.60 0.615 0.93 0.431 1.46 0.237 0.73 0.539

L 0.38 0.769 0.73 0.539 1.23 0.309 0.56 0.647

Posterior thalamic radiation R 0.84 0.478 0.63 0.599 1.00 0.402 0.48 0.699

L 1.31 0.282 2.32 0.086 2.30 0.088 2.19 0.100

Fornix 3.32 0.027* 2.02 0.122 1.82 0.154 2.21 0.097

Cingulum R 0.49 0.689 0.88 0.458 1.23 0.310 0.69 0.562

L 0.05 0.985 0.95 0.423 1.25 0.301 0.80 0.497

Corpus callosum

 Genu 1.32 0.278 1.29 0.289 1.34 0.273 1.25 0.302

 Body 0.83 0.482 2.05 0.119 2.01 0.125 2.01 0.125

 Splenium 0.78 0.511 1.79 0.160 1.98 0.129 1.61 0.198

AD, axial diffusivity; FA, fractional anisotropy; MD, mean diffusivity; RD, radial diffusivity.

Axial diffusivity was significantly lower in the right superior longitudinal fasciculus of alcohol-exposed infants compared to controls.

*
Post-hoc investigation of univariate tests of significance, revealed that age contributed significantly to the model.

†
Significant group difference at p< 0.05 after controlling for age and gender.
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