S NCH U g
- 22N

DTI-based Measures of White Matter Integrity

Predict Cognitive Performance in Healthy Aging

David A. Ziegler 1, David H. Salat 2, Scott M. Hayes 3, Keyma Prince 1, Emily Connally 1, Olivier Piguet 1, Suzanne Corkin 12
1Department of Brain and Cognitive Sciences, MIT, Cambridge, MA 2Athinoula A. Martinos Center for Biomedical Imaging,

Department of Radiology, MGH, Charlestown MA 3Department of Psychology, U. Arizona, Tucson AZ

W

BACKGROUND

* Most prior research on the neurobiology of age-related
cognitive decline has focused on structural and functional
changes in cortical gray matter structures.

« New studies, however, suggest that decreased white
matter integrity is also associated with advanced age.

- Histological studies indicate a reduced number and
density of myelinated fibers in old brains.1-3

- MRI-based studies show that white matter volume
reductions in aging are more widespread and of greater
magnitude than gray matter changes.*5

- Further, studies using diffusion tensor imaging (DTI)
show reduced levels of fractional anisotropy, particularly
in anterior white matter.5-9

« Little is known, however, about the functional correlates
of these striking white matter changes.

Diffusion Imaging Basics

« Fractional anisotropy (FA) is a measure of the relative
ease with which water moves in tissues.

 Physical barriers, such as cell bodies, axons, and myelin,
restrict water diffusion. If movement is restricted to a
single direction, such as along dense bundles of axonal
projections, the FA in that tissue is high.

» While the precise microstructural correlates of FA remain
unknown, DTI is capable of detecting changes in white
matter that occur in aging and disease, providing a marker
of white matter integrity.

METHODS
Participants
Group N Age* Edu* MMSE*
YA 36 219 2.6 15 +2.0 29.2 #1.0
16F/20M (18-28) (12-18) (27-30)
OA 39 70.3 #7.2 17 3.0 29.2 #1.2
20F/19M (61-86) (14-23) (27-30)

* Scores are mean + SD (range)

Image Acquisition

« High resolution DTI scan: 1.5 T Sonata system;
TR=9.1, TE=68, slice thickness=2mm isotropic, 60
slices, FOV 256X256, 8 directions with b value=700
s/mm?, and 1 low b image with b value=0

Image Analysis

« Data were processed using tools from the
FreeSurfer (http://surfer.nmr.mgh.harvard.edu) and
FSL (http://www.fmrib.ox.ac.uk/fsl) packages.

« DTI data were motion and eddy current corrected,
spatially normalized to MNI space, and smoothed
with a 4mm kernel.

« Diffusion tensor and FA metrics were derived as
previously described.10-11

» Voxel-wise independent sample  tests (p < 0.001)
compared FA for YA and OA across the entire brain.

COGNITIVE TESTING

- Episodic memory

(delayed recall of word lists and stories)
- Semantic memory

(Boston Naming, WAIS Vocabulary)
- Coghnitive control processes

(Stroop, letter fluency, digit span)

(z scores)
memory (p < .0001) and cognitive control (p <.002)

difference did not reach significance (p = 0.16)

« All participants performed a series of cognitive tasks to assess:

* We calculated standardized composite scores for each measure
* YA performed significantly better than OA on tests of episodic

» OA performed better than YA on semantic memory tasks, but this
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ROI-BASED ANALYSES IN OA

= Cognitive Control z scores correlated with FA in
anterior corpus callosum (p < .003), but not
temporal stem (p > .4).

« Episodic Memory z scores correlated with FA
underlying posterior superior temporal gyrus
(pSTG; p < 0.001), but not anterior corpus
callosum (p > .3).

EPISODIC
MEMORY

FA 1S REDUCED IN OA

* FA values were predominantly lower in OA compared
to YA (p < 0.001).

» This reduction was greatest in anterior regions, such
as the genu and anterior body of the corpus callosum,

and in the white matter underlying the superior and
medial frontal gyri and orbitofrontal cortex.

* Reduced FA was also noted in the white matter
underlying the middle and superior temporal gyri,
temporal stem, and temporoparietal junction.

FA CORRELATES WITH COGNITIVE
PERFORMANCE IN OA

* We calculated correlations between each composite

COGNITIVE  score and FA across the entire brain on a voxel-wise basis
CONTROL

(threshold: p < .01).

« FA in regions of white matter underlying PFC correlated
positively with performance on cognitive control tasks.

* FA in more posterior regions, underlying the temporal
and parietal lobes, correlated with performance on
episodic memory tasks.

« Correlations were found in similar regions in YA, but
were of lesser magnitude in YA, likely due to a smaller
sample of cognitive data for YA.

« Performance on semantic memory tasks did not
correlate strongly with FA in either OA or YA.

« Several regions showing significant correlations were
confirmed by manually delineating specific ROls.

EPISODIC MEMORY

« Correlations remained significant even after
covarying for age-effects (p < .01).

0.6

CONCLUSIONS
 Consistent with previous studies,”® the present results
confirm that white matter in anterior regions of the brain,
such as the frontal lobe and anterior corpus callosum, is
particularly vulnerable to the effects of aging, although other
regions show reduced FA as well.

« Further, decreased integrity of anterior white matter
appears to underlie reduced cognitive control in aging.

- Our data complement a recent fiber tracking study that
showed correlations between anterior callosal integrity
and performance on the Stroop task.®

- While age-related impairments in cognitive control
processes are commonly attributed to reduced frontal
lobe activity, the present results underscore the
importance of also considering the underlying white
matter.

- Reduced white matter integrity in frontal regions may
result in a disconnection syndrome,l? leading to
inefficient or inappropriate engagement of cognitive
control processes.

= In contrast, in more posterior white matter regions, such
as those underlying the superior temporal gyrus and
posterior parietal lobe, FA was more closely related to
episodic memory function.

- This pattern supports the view that temporo-parietal
communication is essential for episodic memory
processes.12

- Lesions of the fornix and temporal stem in monkeys
produce deafferentation of the hippocampus that results
in dense amnesia.!3

- The present findings suggest that the effects of
advanced age on the integrity of temporal lobe
connections may lead to a similar disconnection between
MTL structures and association areas, albeit with far
subtler effects on episodic memory.

REFERENCES

1. Bartzokis G et al. (2004). Neurobiol Aging 25:843-51.

2. Peters A. (2002). J Neurocytol 31:581-93.

3. Kemper TL (1994). In Clinical Neurology of Aging. Albert ML, Knoefel JE, Eds.
New York: Oxford University Press. pp. 3-67.

4. Jernigan TL & Gamst AC. (2005). Newrobiol Aging 26:1271-4.

5. Guttmann CR et al. (1998). Neurology 50:972-8.

6. Sullivan EV, Adalsteinsson E, Pfefferbaum A. (2005). Cereb Cortex : Online ahead
of print.

7. Salat DH et al. (2005). Neurobiol Aging 26:1215-27.

8. Head D et al. (2004). Cereb Cortex 14:410-23.

9. O'sullivan M et al. (2001). Neurology 57:632-8.

10. Basser PJ, Mattiello J, LeBihan D. (1994). J Magn Reson B 103:247-54.

11. Pierpaoli C & Basser PJ. (1996). Magn Reson Med 36:893-906.

12. Wagner AD, Shannon BJ, Kahn I, Buckner RL. (2005). 7rends Cogn Sci9:445-53.

13. Gaffan D, Parker A, Easton A. (2001). Neuropsychologia 39:51-70.

ACKNOWLEDGEMENTS

This work was supported by a START-MH Summer Training Fellowship (SH), an
NHMRC NH Fairley Postdoctoral Fellowship 1D# 222909 (OP), and the following NIH
grants: AG021525 (SC), K01AG24898 (DS), and T32 GM007484 (DZ).

We would like to thank Julie Proulx for data collection and Christie Chung for
insightful discussions.

Olivier Piguet is now at Prince of Wales Medical Research Inst, Randwick NSW,
Australia.

Author Contact information: David A. Ziegler
MIT, Building 46-5121
43 Vassar St
Cambridge, MA 02139

0.2 0.2 0.6 3 2 -1 o 1
z score 2z score

THE (MIND ) INSTITUTE  daz@mit.edu

NCRR




