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A commentary on

Visual Fixation in Human Newborns Correlates with Extensive White Matter Networks and
Predicts Long-Term Neurocognitive Development

by Stjerna, S., Sairanen, V., Grohn, R., Andersson, S., Metsaranta, M., Lano, A., et al. (2015). ].
Neurosci. 35, 4824-4829. doi: 10.1523/[NEUROSCI.5162-14.2015

From early embryonic neural crest formation to postnatal synaptic pruning, each stage of
development can strongly impact the structural and functional integrity of the mature nervous
system. Changes in early development can have cascading downstream effects as more complex
neurocognitive operations emerge. The visual system’s maturation is highly dependent on early
postnatal visual input and eye movements, both of which are directed by an individuals
environment and where he or she looks within that environment. Despite the clear relationship
between inputs to the visual system and healthy neurocognitive development, surprisingly little
work has been reported on the influence of patterns of gaze and fixation on subsequent
neurodevelopment.

To understand the early building blocks of visuocognitive development, Stjerna et al. collected
and reported two sets of longitudinal data (Stjerna et al., 2015). The first cohort (n = 57) was
initially assessed as newborns, when visual fixation (VF) and gaze behavior (GB) were measured.
Furthermore, this group underwent a diffusion tensor imaging (DTI) scan series, providing a way
to begin to connect behavioral findings to differences in the underlying neural pathways likely to
support these functions. This group was later tested at 2 years of age with multiple subscales of the
Griffiths Mental Developmental Series to assess eye-hand coordination, visual performance, and
locomotor function.

Stjerna et al. found that infants who showed high performance in VF also showed better scores
on the eye-hand coordination subscale at the 2 year follow up. Interestingly, the relationship
between individual differences in visual skills at birth and at age 2 was also observable in DTI
measures of structural connectivity. Specifically, there was a significant correlation between VF and
white matter integrity in each large volume of interest examined covering the entire white matter
skeleton.

As a validation of these findings, a second, larger cohort (n = 1410) was also assessed as
newborns and was scored on VF. This group was later tested at 5 years of age and showed a
significant positive relationship between VF during infancy and visual-motor, visual reasoning, and
motor testing at the follow up.
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Baum and Stevenson

Early Markers of Visual Cognitive Development

This study is one of the first to empirically characterize
the visual-cognitive cascade through development. The ability
to maintain fixation on a moving object is a powerful index
of the proficiency of the newborn visual system. Furthermore,
this simple measure predicted performance in certain visual
tasks at both 2 and 5 years of age, strongly suggesting
that visual fixation is an important determinant for the
developing visual system. Importantly, individual differences
in behavior were also correlated with white matter integrity.
Thus, these differences in the underlying neural network likely
provide the necessary structural architecture to scaffold ongoing
visuocognitive development.

In addition to their immediate relevance for the developing
visual system, these findings also have particular importance for
atypical visuocognitive development. Given these findings that
the ability to simply maintain fixation on an object as an infant is
predictive of later visuocognitive abilities, individuals who exhibit
abnormal patterns of eye movement as an infant may show later
weaknesses in visuocognitive abilities. This may in fact be the
case in autism spectrum disorders (ASD), particularly in regards
to the trajectory of visual exploration for simple and complex as
well as non-social and social stimuli. For example, infants who
are later diagnosed with ASD show a decline in fixation time
on the eyes of a face stimulus during the interval from 2 to 6
months of age (Jones and Klin, 2013). Atypical gaze patterns
in ASD have also been observed much later in development,
including deficits in eye gaze sensitivity (Campbell et al., 2006),
detecting a face with direct eye gaze (Senju et al., 2005), and
complex facial expressions (Boraston et al., 2008). Many studies
of individuals with ASD have also shown later developmental
differences in network connectivity as measured using both DTI
and functional MRI, including reduced connectivity in key nodes
in the visuospatial network during the processing of both non-
social (Damarla et al., 2010) and social stimuli (Kleinhans et al.,
2008).

In light of previous research showing changes in connectivity
later in development, the present behavioral and structural
connectivity findings by Stjerna et al. in very early postnatal
development support the combined use of simple visual
behaviors and structural connectivity for potential use in
identifying early biomarkers of ASD and predictors of later
visual-cognitive functions in toddlers. Therefore, it would be
informative to replicate these findings while including widely
used behavioral screening tools such the Autism Quotient (which
cannot be administered under 4 years of age) as well as measures
of adaptive behavior like the Vineland Adaptive Behavioral
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Scales to determine if individual differences in VF at birth
also predicted future social/cognitive traits at a later follow up.
Longitudinal studies focusing on infant siblings of children with
ASD would also be highly revealing of how early differences
in lower level sensory and sensorimotor function can greatly
impact later higher level sensory and cognitive function. Given
that the development of speech and language skills relies on the
integration of visual and auditory information (Foxe et al., 2015),
additional assessments looking at early auditory and audiovisual
integration skills could provide evidence for the hypothesis that
ASD is the result of changes in the early development of low-
level processes that initiate a divergent developmental cascade
and ultimately result in the canonical difficulties that define ASD
(Stevenson et al., 2014).

While ASD has long been studied from the perspective of
higher-order cognitive differences (Baron-Cohen, 1989; Happé,
1999), recent focus has turned toward the concept that differences
in sensory function may have cascading impacts, changing the
developmental trajectories of the cognitive functions that are
associated with ASD, including socio-communicative abilities.
These findings have, in fact, led to changes in the diagnostic
criteria for ASD, in which sensory disturbances are now included
in the DSM-5. Stjerna et al. findings provide empirical evidence
that patterns of eye movement may indeed impact downstream
cognitive development, or may at the very least provide a
measurement tool predictive of such downstream changes.

AUTHOR CONTRIBUTIONS

All authors listed, have made substantial, direct, and intellectual
contribution to the work, and approved it for publication.

FUNDING

SB is supported by the Autism Speaks Meixner Postdoctoral
Fellowship in Translational Research (#9717). RS is supported
by a Banting Postdoctoral Fellowship granted by the Canadian
Natural Sciences and Engineering Research Council (NSERC)
and the Autism Research Training Program funded by The
Canadian Institutes of Health Research (CIHR).

ACKNOWLEDGMENTS

The authors would like to thank Mark Wallace and the
Multisensory Lab at Vanderbilt University for valuable discussion
leading to the present manuscript.

Campbell, R., Lawrence, K., Mandy, W., Mitra, C., Jeyakuma, L., and Skuse, D.
(2006). Meanings in motion and faces: developmental associations between
the processing of intention from geometrical animations and gaze detection
accuracy. Dev. Psychopathol. 18, 99-118. doi: 10.1017/50954579406060068

Damarla, S. R, Keller, T. A., Kana, R. K., Cherkassky, V. L., Williams, D. L.,
Minshew, N. ], etal. (2010). Cortical underconnectivity coupled with preserved
visuospatial cognition in autism: evidence from an fMRI study of an embedded
figures task. Autism Res. 3, 273-279. doi: 10.1002/aur.153

Frontiers in Neuroscience | www.frontiersin.org

May 2016 | Volume 10 | Article 215


http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

Baum and Stevenson

Early Markers of Visual Cognitive Development

Foxe, J. J., Molholm, S., Del Bene, V. A,, Frey, H. P., Russo, N. N., Blanco,
D., et al. (2015). Severe multisensory speech integration deficits in high-
functioning school-aged children with Autism Spectrum Disorder (ASD) and
their resolution during early adolescence. Cereb. Cortex 25, 298-312. doi:
10.1093/cercor/bht213

Happé, F. G. (1999). Autism: cognitive deficit or cognitive style?
Trends  Cogn.  Sci. 3, 216-222. doi: 10.1016/S1364-6613(99)01
318-2

Jones, W., and Klin, A. (2013). Attention to eyes is present but in decline in 2-
6-month-old infants later diagnosed with autism. Nature 504, 427-431. doi:
10.1038/naturel2715

Kleinhans, N. M., Richards, T., Sterling, L., Stegbauer, K. C., Mahurin, R,
Johnson, L. C., et al. (2008). Abnormal functional connectivity in autism
spectrum disorders during face processing. Brain 131, 1000-1012. doi:
10.1093/brain/awm334

Senju, A., Hasegawa, T., and Tojo, Y. (2005). Does perceived direct gaze
boost detection in adults and children with and without atusim?
The stare-in-the-crowd effect revisited. Vis. Cogn. 12, 1474-1496. doi:
10.1080/13506280444000797

Stevenson, R. A., Siemann, J. K., Schneider, B. C., Eberly, H. E., Woynaroski, T.
G., Camarata, S. M., et al. (2014). Multisensory temporal integration in autism
spectrum disorders. J. Neurosci. 34, 691-697. doi: 10.1523/JNEUROSCI.3615-
13.2014

Stjerna, S., Sairanen, V., Grohn, R., Andersson, S., Metsaranta, M., Lano, A.,
et al. (2015). Visual fixation in human newborns correlates with extensive
white matter networks and predicts long-term neurocognitive development. J.
Neurosci. 35, 4824-4829. doi: 10.1523/JNEUROSCI.5162-14.2015

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2016 Baum and Stevenson. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org

May 2016 | Volume 10 | Article 215


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

	Commentary: Visual Fixation in Human Newborns Correlates with Extensive White Matter Networks and Predicts Long-Term Neurocognitive Development
	Author Contributions
	Funding
	Acknowledgments
	References


