Structural MRI across litespan reveals differential
thalamic trajectories in Down Syndrome
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BACKGROUND
Up to 90% of Down syndrome (DS) patients develop Alzheimer’s disease (AD)'.

Sleep disturbance, affecting over 75% of DS patients, is implicated in AD
pathogenesis?3. The thalamus, central to sleep and arousal?, shows early
vulnerability in DS-related AD-.

STUDY AIMS
We sought to identify whether (1) thalamic volume decrements were detectable in

a large DS cohort, (2) whether these associated with increasing age, and (3)
whether thalamic volume covaried with biomarkers of neurodegeneration and
neuroinflammation.

METHODS
Structural 3T MRI scans from the ABC-DS study (253 DS participants (119 males,

mean age 43.0+9.4y), 36 controls (30 males, mean age 43.1+12.2y)) and structural
/T MRI scans from the Sleep-DS study (22 DS participants (10 males, mean age
37.4+6.3y), 18 controls (9 males, mean age 37.2+8.1y)) were analysed, alongside
neurodegenerative plasma biomarker assays (pTau181, pTau217, NfL, AB40, AR42).

RESULTS
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(@) Thalamic nuclei groups and
abbreviations, with (b) corresponding anatomical location and group (indicated by
shading) shown on a schematised diagram of the right thalamus. Dashed lines
Indicate positions of deeper nuclei. (c) Bar plots showing magnitudes of differences
In means of ICV-normalised thalamic nuclei volumes for Sleep-DS (left) and ABC-
DS (right). Only significant comparisons after FDR-corrected t-tests are shown.
Positive values (yellow) indicate nuclei relatively larger in DS; negative values (teal)
Indicate nuclei relatively larger in controls. (d) Schematised anatomical visualisation
of significant mean differences in (c), sharing the same shading convention. N.b.
some significantly different nuclei lie deep in the thalamus and hence are not
shown. We report robust (i.e. across cohorts) ICV-adjusted increments bilaterally in
the LSG (most significantly), MGN, Pf, CM, and PuM, and unilaterally in the left CL.

DISCUSSION
In childhood, eTIV-normalised thalamic volumes are smaller in DS compared to the

general population®. Novelly, in adulthood, we report larger eTIV-normalised
volumes in DS, but smaller absolute thalamic volumes. This suggests that over
development, the thalamus may enlarge to occupy a larger fraction of brain
volume in an adult DS population, relative to the general population.

Imputed anteromedial and posterior thalamic shrinkage in DS AD mirrors sporadic
AD in the general population’. Associations with neurodegenerative biomarkers
support thalamic atrophy as a sensitive marker of DS-related AD progression.
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(a) GLM fits to ICV-normalised thalamic volume

in the ABC-DS cohort revealed a highly significant covariation with age bilaterally,
with a DS group coefficient corresponding to an average decrement in thalamic
volume of approximately 2.5% per decade. The control group coefficient was non-
significant, indicating no relationship of thalamic volume with age. Shading
delineates the 95% confidence interval. (b) Plotting thalamic volume means in
ABC-DS within age bins of 10 years suggested that thalamic volume loss in DS
occurs in a grossly linear fashion (brackets delineate the 95% confidence interval).
(c) Summary of Sleep-DS GLM findings, with a significant main effect of age across
groups, but a non-significant age x group interaction. (d) GLM model coefficient
(or slope) differences between the DS and control groups for ICV-normalised
volumes of each thalamic nucleus. Higher values indicate larger volumetric
decreases with age in DS relative to the control group. All p-values and respective
annotations are FDR-corrected. (e) Schematised diagram showing slope
differences for each thalamic nucleus, with colour convention as in (d), where
greater colour saturation corresponds to greater slope difference. Non-significant
nuclei are left unshaded. Dashed lines indicate positions of deeper nuclei. N.b.
some significant nuclei lie deep in the thalamus and hence are not shown.
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