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Abstract

BACKGROUND:To compare the performance of computed tomography (CT)with that

of magnetic resonance imaging (MRI) in assessing brain atrophy in Down syndrome

(DS).

METHODS: Retrospective comparison of CT-derived gray and white matter measure-

ments with those obtained by MRI using voxel-based morphometry (VBM) in adults

with DS who underwent both scanning modalities with a maximum interval of 1 year.

The concordance of both tests was compared across sample quartiles.

RESULTS: Eleven of 23 participants had some degree of cognitive decline. When

comparing VBM outputs of both imaging techniques, an overlap of voxels negatively

correlated with dementia severity was observed in the right temporal lobe. Observed

agreement was 92.3% (quadratic-weighted kappa index 0.71) for both gray and white

matter.

DISCUSSION:CT andMRI analyses showed a similar decrease in brain volume as cog-

nitive decline increased. Our results highlight the potential use of CT in computational

neuroanatomy studies of DS.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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Highlights

∙ Voxel-based morphometry shows that computed tomography (CT) and magnetic

resonance imaging (MRI) yield similar brain atrophy patterns in DS.

∙ Strong agreement (kappa index 0.71) was found between CT andMRI assessments.

∙ CT-identified right temporal lobe volume loss linked to cognitive decline in DS.

∙ CT offers a practical, accessible alternative toMRI for brain imaging in DS.

∙ Artificial intelligence–based CT analysis enhances neuroimaging for DS with

reducedmotion issues.

1 BACKGROUND

Down syndrome (DS), resulting from the presence of an extra copy

of chromosome 21,1 is considered a genetic form of Alzheimer’s dis-

ease (AD),2 with an early onset of cognitive decline from the age

of 40.3 The intersection of these two conditions poses unique chal-

lenges for accurate and timely diagnosis, particularly in people with

severe or profound baseline intellectual disability. Although AD rep-

resents a major health problem for individuals with DS, conventional

diagnostic techniques often face limitations in this specific population,

where symptoms of dementia may be confused with the cognitive and

functional diversity associated with DS.4

Among the various neuroimaging modalities used in the diagno-

sis and evaluation of neurodegenerative diseases, magnetic resonance

imaging (MRI) is a valuable tool for assessing brain atrophy and other

structural changes. MRI provides excellent soft tissue contrast and

spatial resolution, enabling detailed visualization of brain structures.

However, acquiring high-quality MRI data in individuals with DS can

be complex. Prolonged scan times can be poorly tolerated, leading

to motion artifacts and the need for repeat scans, often requiring

special considerations and even the use of sedation, with its addi-

tional risks.5 These limitations motivate the exploration of alternative

imaging techniques that might offer accelerated acquisition without

sacrificing diagnostic accuracy.

Computed tomography (CT), with its shorter acquisition times and

more affordable costs, is commonly used in clinical practice and could

represent a promising neuroimaging method in individuals with intel-

lectual disabilities. Despite these practical advantages, the utility of

CT in diagnostics, as well as volumetric approaches, has traditionally

been hampered by its limited contrast resolution. However, recent

advances in artificial intelligence and automated image analysis could

change this scenario, potentially improving the diagnostic capabilities

of CT.6 The development of new algorithms enables the extraction of

additional valuable information from CT scans that may also help to

understand the structural changes associated with neurodegenerative

disorders.

In previous work7 we applied an automated algorithm—CTseg

(https://github.com/WCHN/CTseg)—to brain CT images obtained for

clinical reasons in individuals with DS. This algorithm was able to

spatially normalize and segment CT images, allowing for detailed mor-

phometric analysis.8 In the present study we sought to validate our

former findings by comparing the performance of CTseg analysis with

traditional brainMRI morphometry in the assessment of brain atrophy

in a follow-up cohort of adults with DS. Our hypothesis was that both

imaging modalities would yield similar results in voxel-based morpho-

metric analysis, identifying the most significantly reduced brain areas

according to the stage of dementia. Furthermore, we aimed to deter-

mine the concordancebetween the techniques inmeasuring total brain

volumes,whichwould validateCTas a reliable alternative toMRI in this

population.

2 METHODS

2.1 Study design, setting, and participants

This retrospective cross-sectional study focused on individuals with

DS, who were evaluated at a specialized adult outpatient clinic at a

tertiary care university hospital in Madrid, Spain. We initially selected

participants with a confirmed diagnosis of DS, either with a compati-

ble karyotype or typical phenotype, who had undergone CT and MRI

brain scans less than 1 year apart and who had consented to partici-

pate. These scans had been performed for clinical reasons, or due to

prior participation in other researchprojects. Taking into account these

criteria, the entire cohort available since the digitalization of medical

records (from 2004 to 2023) was included, in order to maximize the

potential recruitment of subjects.

2.2 Clinical variables

Clinical data were collected retrospectively from participants’ medical

records. Sociodemographic information included age, sex, estimated
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socioeconomic status (based on themedian income level of the district

of residence), educational level, and occupation (if applicable). Fam-

ily history of AD or other dementias and common comorbidities in

the DS population, such as congenital heart disease, obstructive sleep

apnea, thyroid disorders, hearing loss, visual acuity loss, and epilepsy,

were also documented. In addition, the use of medication affecting the

central nervous system at the time of the scans was noted.

Baseline functional status was assessed using Part 1 of the Demen-

tia Screening Questionnaire for People with Intellectual Disability

(DSQIID).9 This section of the scale rates speech, daily living skills,

and living location. For the purposes of our study, we assigned ordi-

nal scores to each item, obtaining from their sum a total score that

could range from 0 to 8. Higher scores indicated greater depen-

dence on daily functioning, so this measure could be used to esti-

mate participants’ pre-existing functional limitations prior to the

onset of cognitive decline. Both the DSQIID score and the cogni-

tive status of participants at the time of inclusion in the study were

determined using information provided by caregivers and the clini-

cal assessment contained in their medical records. Cognitive status

was categorized into three groups, broadly following the recom-

mendations of the American Association on Mental Retardation -

International Association for the Scientific Study of Intellectual Dis-

abilities (AAMR-IASSID) Working Group for the Establishment of

Criteria for theDiagnosis ofDementia in IndividualswithDevelopmen-

tal Disabilities: (1) cognitively stable (CS), in the absence of clinically

significant cognitive impairment; (2) mild cognitive impairment (MCI),

characterized by signs of cognitive impairment without accompanying

functional impairment; and (c) established dementia, either moder-

ate or severe, indicating a relevant loss of autonomy.10 Symptoms

associated with cognitive impairment, such as seizures, depression,

behavioral disturbances, and changes in sleep and/or gait, were also

registered.

2.3 Imaging data acquisition and processing

CT scans were performed at La Princesa Hospital in Madrid between

2004 and 2023 for clinical purposes. These scans were acquired using

either a 64-channel Toshiba Aquilion system with a resolution of

0.4 × 0.4 × 3 mm3 or a 64-channel Siemens Sensation system with a

resolution of 0.4 × 0.4 × 2.4 mm3. MRI scans were obtained either for

clinical purposes at La Princesa Hospital between 2004 and 2023 or

as part of another research project at the CIEN Foundation in Madrid

between 2021 and 2023. The MRI scans at La Princesa Hospital were

acquired using a General Electric Explorer MRI, whereas the CIEN

Foundation was equipped with a General Electric 3T MRI (Signa HDxt

GEHC,Waukesha, USA). The parameters usedwere the following: rep-

etition time 10 ms, echo time 4.5 ms, inversion time 600 ms, field of

view 240 mm, matrix 288 × 288, and slice thickness 1 mm, resulting

in a voxel resolution of 0.5 × 0.5 × 1mm.

Prior to analysis, brain scans were anonymized, and processing was

performed blind to clinical records. In cases where posterior fossa and

supratentorial acquisitions were conducted separately, these images

RESEARCH INCONTEXT

1. Systematic review: A thorough review of the literature

on PubMed shows that comparisons of the performance of

brain computed tomography (CT) versusmagnetic resonance

imaging (MRI) to evaluate cortical atrophy are scarce, and

precede the systematic use of artificial intelligence process-

ing. Our previous experience with a CT automated algorithm

inDown syndrome (DS) led us to hypothesize that it could be

as useful asMRI for this purpose.

2. Interpretation: Our results showed that CT and MRI

behaved similarly in detecting a decrease in brain volume as

cognitive impairment progresses in people with DS. These

findings are consistent with other studies and with our usual

clinical practice and could contribute to a more accessible

and cost-effective diagnosis of AD in this population.

3. Futuredirections: This study sets the stage for longitudinal

studies investigating imaging test performance in detecting

regional brain atrophy over time. We also found a lateraliza-

tion in thepatternof brain atrophy,whichwould need further

clarification in future studies.

were fused to create aunified three-dimensional image.An initial visual

inspectionof the studieswas carriedoutbyan investigator (B.S.M.), and

scans with missing T1 sequences, significant motion artifacts, or faulty

merging were excluded from the analysis.

CT scans were then processed with CTseg (Wellcome Trust Cen-

tre for Neuroimaging, University College London; https://github.com/

WCHN/CTseg), which uses flexible Bayesianmodeling to spatially nor-

malize images to standardMontrealNeurological Institute (MNI) space

and segment them into standard tissue classes, including gray matter

(GM), white matter (WM), and cerebrospinal fluid (CSF).8 After seg-

mentation, images were smoothed with a Gaussian kernel of 6 mm full

width at half maximum. Total intracranial volume (TIV) was calculated

by summing the total GM, WM, and CSF values for each participant.

This value was used to adjust for individual differences in head size in

all volume-based analyses.

ForMRI images, structural pre-processing of T1 sequenceswas per-

formed using Statistical Parametric Mapping (SPM). Before segmen-

tation, the skull was stripped using MRIcroGL (FMRIB Image Analysis

Group, Oxford, UK). SPM DARTEL algorithms were implemented for

segmentation into GM, WM, and CSF, and, subsequently, for the gen-

eration of spatially normalized, modulated, and smoothed partitions

(8 × 8 × 8 mm full-width at half-maximum). TIV was calculated in a

similar manner as for CT scans.

The automatically segmented CT and MRI results were also visu-

ally inspected by two authors (B.S.M. and L.Z.) to ensure accuracy,

and those scans with significant segmentation errors were likewise

excluded from the analysis.
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2.4 Ethical considerations

This study was conducted in compliance with the principles outlined

in the Declaration of Helsinki11 and was approved by the local insti-

tutional review board with registration no. 3911/2019 (Instituto de

Investigación Sanitaria del Hospital de La Princesa). Data confidential-

ity was guaranteed as regulated by current Spanish legislation.12

2.5 Statistical analysis and voxel-based
morphometry (VBM) analysis

Stata software (Stata v15.0) was used for clinical data analysis. All sta-

tistical tests were two tailed, with a significance level set at p < .05.

Correction for multiple comparisons was implemented using Bon-

ferroni or Tukey methods, where applicable. To evaluate potential

selectionbias, baseline clinical characteristicswere comparedbetween

initially included and finally selected individuals, excluding those with

poor image quality that precluded VBM analyses, as discussed above.

VBManalyseswere carried out using SPM12 (http://www.fil.ion.ucl.

ac.uk/spm/). Smoothed andmodulatedGMandWMimageswere sepa-

rately correlated with the degree of cognitive decline/dementia sever-

ity using two different general linear models (GLMs) for the CT and

MRI datasets. This choice was made to avoid systematic biases inher-

ent in direct comparison of MRI and CT at the voxel level, given the

fundamental differences in how each modality captures tissue prop-

erties. Age, gender, and TIV were treated as potential confounders,

based on previous findings,7 and included as nuisance regressors. All

results were corrected for multiple comparisons using family-wise

error (FWE) correction. In addition, within each imaging modality, we

planned to investigate the influence of the specific scanner type by

incorporating it as an additional covariate in the analysis.

Parallel to the quantitative analysis, a qualitative assessment was

carried out to detect differences by brain area, which the overall

quantitative analysis alonemight not have captured.

Furthermore, to explore the relationship between brain volumes

obtained from both imaging modalities, we performed a Pearson cor-

relation analysis between GM, WM, and total brain volume (TBV)

estimates from CT and MRI. Given the inherent differences in image

resolution and normalization parameters between CT and MRI, direct

voxel-wise quantitative comparisons were not feasible. Therefore, to

further assess concordance between CT and MRI findings, a kappa

index analysis was conducted. The study population was divided into

quartiles basedonGMandWMtotal density, and aquadratic-weighted

kappa index, suitable for ordinal data analysis, was applied to evaluate

the level of agreement between CT andMRI assessments.

3 RESULTS

3.1 Clinical characteristics of the study cohort

The initial study cohort comprised 41 individuals but, as shown in

Figure1, after excluding caseswith inaccessible brainCTorMR images,

motion artifacts, or poor pre-processing, the final study sample con-

sisted of 23 participants. Their mean age was 52.4 years, ranging from

44.1 to 62.1 years, and 52.2% were women. Among them, 11 (47.8%)

had cognitive impairment, of whom 7 were diagnosed with MCI and

4 had dementia. No relevant demographic or clinical differences were

observed between the initial and final cohorts of the study, as shown

in Table 1. All MRI scans included in this analysis were performed

between 2021 and 2023 at the CIEN Foundation, except for onewhich

was performed in 2014 at La Princesa Hospital. The median interval

between CT and MRI was 121 days, and was inferior to 6 months in

18 cases (78.3%); in the remaining five participants, the interval ranged

from 6 to 12 months, well within the range established in the study’s

inclusion criteria.

3.2 Correlation between whole-brain VBM
analysis and clinical stage of AD

Mean estimates of GM volume and WM volume as a function of AD

stage, obtained by both brain CT and MRI, are listed in Table 2. When

adjusting for confounding variables (age, sex, and TIV), a negative cor-

relation between volume and degree of dementia was observed in all

multivariate linear regressions. This correlationwas statistically signif-

icant (p < .05) for GM and WM on both CT and MRI, as can be seen in

F IGURE 1 Flow diagram detailing the inclusion/exclusion of
individuals in the study. CT, computed tomography; DS, Down
syndrome;MRI, magnetic resonance imaging; VBM, voxel-based
morphometry.

 15525279, 2025, 8, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.70296 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [27/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/


SÁNCHEZ-MORENO ET AL. 5 of 11

TABLE 1 Clinical characteristics of individuals initially included in the study versus those finally selected for imaging analysis.

Variables

Initial sample

(n= 41)

Included participants

(n= 23) p-valuea

Median age in years (IQR) 50.6 (7.85) 52.3 (5.09) 0.010

Female sex 20 (48.8%) 12 (52.2%) 0.623

Family history of dementia 3 (7.32%) 3 (13.0%) 0.243

Income level

High 15 (36.6%) 7 (30.4%) 0.579

Low 14 (34.2%) 8 (34.8%)

Education

None 1 (2.44%) 0 0.598

Special 23 (56.1%) 15 (65.2%)

Inclusive 5 (12.2%) 3 (13.0%)

Occupation

None 12 (29.3%) 6 (26.1%) 1.000

Centre 27 (65.9%) 15 (65.2%)

Integration 1 (2.44%) 1 (4.35%)

Living situation

Family home 29 (70.7%) 16 (69.6%) 0.759

Group home 3 (7.32%) 1 (4.35%)

Residence 8 (19.5%) 5 (21.7%)

DSQIIDmedian scoreb (IQR) 1 (1) 1 (0) 0.001

Congenital heart disease 5 (12.2%) 2 (8.70%) 0.297

Suspected or definite sleep apnea 13 (31.7%) 5 (21.7%) 0.301

Hypothyroidism 27 (65.9%) 16 (69.6%) 0.571

Visual impairment 25 (61.0%) 15 (65.2%) 0.529

Hearing impairment 7 (17.1%) 6 (26.1%) 0.112

Gait instability 8 (19.5%) 3 (13.1%) 0.710

Depression 9 (22.0%) 4 (17.4%) 0.471

Behavioral changes 9 (22.0%) 3 (13.0%) 0.147

Sleep cycle disorder 4 (9.76%) 0 0.030

Use of neuroleptic drugs 13 (31.7%) 8 (34.8%) 0.456

Use of benzodiazepines 3 (7.32%) 2 (8.70%) 1.000

Antiepileptic treatment 8 (19.5%) 2 (8.70%) 0.097

Cognitive state

Stable 24 (58.5%) 12 (52.2%) 0.491

MCI 12 (29.3%) 7 (30.4%)

Dementia 5 (12.2%) 4 (17.4%)

Abbreviations: DSQIID, Dementia Screening Questionnaire for Individuals with Intellectual Disabilities; IQR, interquartile range; MCI, mild cognitive

impairment.
aThe p-values are the result of the comparison between included and excluded individuals, using the Wilcoxon test for quantitative variables and the chi-

square test for qualitative variables (Fisher’s correctionwhen necessary).
bDSQIID Part 1 score ranges from 0 to 8, with higher scores indicating greater baseline dependence in daily living skills and communication.

Table 3. The addition of other covariates (such as the degree of intellec-

tual disability or behavioral disorders) did not appreciably modify the

significance of these results.

Regarding voxel-wise, whole-brain morphometric analysis, for both

GM and WM, we tested for the contrast with AD stage for each

imaging modality separately. When comparing clusters of voxels with

a significant negative correlation (p < .001, uncorrected) with the

degree of AD, after adjusting for the aforementioned confounding

variables, an overlap between both imaging techniques was observed

in the right temporal lobe (medial temporal gyrus for GM, inferior
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TABLE 2 Association between brain volumes (GM,WM, and TBV) and the degree of ADwith different imagingmodalities.

(a) CT

Brain volumes CS MCI Dementia Unadjusted F Adjusted F

Adjusted

p

GM 488.8 521.0 490.6 F(2,20) = 0.85 F(4,18) = 3.17 0.04

GM/TIV 0.46 0.45 0.44

WM 370.1 391.3 359.6 F(2,20) = 0.70 F(4,18) = 3.71 0.02

WM/TIV 0.35 0.34 0.32

TBV 859.0 912.3 850.2 F(2,20) = 0.77 F(4,18) = 4.11 0.02

TBV/TIV 0.81 0.80 0.77

(b)MRI

Brain volumes CS MCI Dementia Unadjusted F Adjusted F

Adjusted

p

GM 555.2 558.1 474.4 F(2,20) = 2.70 F(4,18) = 4.41 0.01

GM/TIV 0.47 0.45 0.35

WM 345.6 338.1 342.9 F(2,20) = 0.06 F(4,18) = 4.96 0.01

WM/TIV 0.29 0.27 0.25

TBV 900.8 896.2 817.3 F(2,20) = 1.03 F(4,18) = 4.88 0.01

TBV/TIV 0.76 0.71 0.61

Note: Adjusted analysis included age, sex, and total intracranial volume as covariates.

Abbreviations: CS, cognitively stable; CT, computed tomography; GM, gray matter; MCI, mild cognitive impairment; MRI, magnetic resonance imaging; TBV,

total brain volume; TIV, total intracranial volume;WM, whitematter.

TABLE 3 Regression coefficients (b) and 95% confidence intervals from linear regressionmodels predicting dementia status as a function of
brain volume and covariates.

Imagemodality Volumes Coefficient (b) 95%CI F(4,18) p

CT GM −0.02 −0.04 to 0.001 3.17 0.039

WM −0.02 −0.04 to−0.003 3.71 0.023

MRI GM −0.004 −0.01 to 0.0005 4.41 0.011

WM −0.01 −0.02 to−0.0004 4.96 0.007

Note: Separatemodels were conducted for CT andMRI. Positive coefficients indicate a greater likelihood of dementia with increasing values of the predictor,

whereas negative coefficients imply an inverse relationship. Models were adjusted for age, sex, and total intracranial volume.

Abbreviations: CI, confidence interval; CT, computed tomography; GM, graymatter; MRI, magnetic resonance imaging;WM, whitematter.

longitudinal fasciculus for WM), as can be observed in Figure 2. No

statistically significant associations were found after applying FWE

correction.

3.3 Concordance between brain CT and MRI
measurements

We identified a statistically significant correlation between the vol-

umes estimated by brain CT andMRI, despite the utilization of distinct

algorithms (GM: r = 0.73; WM: r = 0.75; TBV: r = 0.82; p < .001 for all

correlations). Upon examination of the total volumes adjusted for TIV,

as illustrated in detail in Figure 3, an overlap was noted in the GM vol-

umesmeasured with CT andMRI, especially in the CS andMCI groups.

However, in the case of WM, CT exhibited a tendency toward higher

WM/TIV volumes compared toMRI.

After dividing the study sample into quartiles of GM, WM, and

TBV measured by brain CT and MRI, concordance analysis using

quadratic-weighted kappa demonstrated high agreement between the

two imaging techniques. The observed agreement ranged from 92.3%

for GM and WM to 95.2% for TBV, with corresponding quadratic-

weighted kappa values from 0.7107 to 0.8192. These results indicate

substantial agreement beyond what would be expected by chance

alone, suggesting strong concordance between CT and MRI measure-

ments across the quartiles. Figure 4 shows how CT and MRI rank

the sample by quartiles for both GM and WM. In the Bland–Altman

plots, only one case (4.35% of the total sample) is found above the

concordance limit for GM and one below the limit forWM.
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SÁNCHEZ-MORENO ET AL. 7 of 11

F IGURE 2 VBManalysis of gray andwhite matter from brain CT andMRI scans. (A) and (B) display the group-level VBM correlations with
cognitive status for GM andWM, respectively, overlaid on an averageMRI template for visualization. Blue areas represent clusters of voxels from
CT scans showing a negative correlation with AD severity, whereas orange areas reflect the same forMRI scans. The green areas in (C) and (D)
indicate the regions where there is significant overlap between the two imaging techniques for GM andWM, respectively. (E) Shows the
distribution of the volume values from the global peak voxel (MNI: 48,−13,−12 for GM and 42,−38, 1 forWM) as a function of the presence or
absence of cognitive impairment, using box plots. A decreasing trend in these values is observed for both imagingmodalities. CT, computed
tomography; GM, graymatter; MRI, magnetic resonance imaging;WM, white matter; VBM, voxel-basedmorphometry.

4 DISCUSSION

Our findings reveal a comparable performance betweenCT andMRI in

estimating brain volumes throughVBM in adults withDS. First, despite

the differences in imagingmethodologies, VBManalysis foundGMand

WMvolume reductions in overlapping regions of the temporal lobes as

AD progresses, particularly on the right side, encompassing the medial

temporal gyrus for GMand the inferior longitudinal fasciculus forWM.

Although the hippocampus, a key structure in AD pathology, could

not be reliably assessed with CT-based VBM, the involvement of adja-

cent regions may indirectly reflect hippocampal and parahippocampal

changes. This observation aligns with our previous study, which ana-

lyzed CT-derived images in a larger DS population and similarly noted

a right lateralized WM volume loss extending toward the inferior lon-

gitudinal fasciculus with worsening cognitive status.7 Moreover, our

prior dysconnectome analysis also showed that GM volume loss in the

right lateral temporal cortex couldbe attributed toWMintegrity loss in

that area. In another longitudinalMRI study in individualswithDS, both

GM andWM reductions were also found in the right orbitofrontal cor-

tex and right temporal lobe.13 In contrast, another recent study, which

measured GM using MRI in adults with DS, also identified lateralized

differences based on cued recall test scores and plasma neurofilament

light chain levels; however, in this publication, the atrophy was more

prominent on the left side, affecting anterolateral entorhinal cortex

thickness.14

Other studies in the general population have described asymme-

tries in relation to AD, typically showing predominantly left-sided

atrophy.15–18 This observation is consistent with that of another study,

also conducted in AD patients without DS, in which MRI- and CT-

derived VBM were compared.19 The latter was able to find more
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8 of 11 SÁNCHEZ-MORENO ET AL.

F IGURE 3 Box plots of TIV-adjusted GM andWM, disaggregated by imaging technique and degree of AD. The values in the Y axis represent
the global volume of GM andWM for each imagingmodality, adjusted for TIV. CS, cognitively stable; CT, computed tomography; GM, graymatter;
MCI, mild cognitive impairment; MRI, magnetic resonance imaging; TIV, total intracranial volume;WM, white matter.

F IGURE 4 Division of the study sample into quartiles according to GM andWM, indicating the frequency of concordance in the classification
obtained with CT andMRI. The corresponding Bland–Altman plot (for GM andWM, respectively) is shown next to each graph. In these plots, the
solid horizontal line represents themean difference (bias) between CT andMRI estimates. The dash-dotted line at zero represents perfect
agreement, whereas the additional dashed lines indicate the limits of agreement (±1.96 SD from themean difference). GM, graymatter; CT,
computed tomography;MRI, magnetic resonance imaging; Q, quartile;WM, white matter.
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extensive areas of atrophy (right caudate head, left anterior cingulate,

and right temporal pole), leading Imabayashi et al. to hypothesize that

CT might be more sensitive and even suggest that it could replace

MRI. The cause of this asymmetry in AD neurodegeneration is still

unknown.20 Although data on hand dominance could have provided

more insight into this issue, this information was not available in our

study or in the other referenced studies. In summary, lateralization in

the pattern of atrophy was an incidental finding, and its significance

remains unclear; nonetheless, its explanation is beyond the scope of

this research and should be clarified in further studies.

Second, our study provides evidence of concordance between com-

putational neuroanatomic measures derived from brain CT and MRI.

Specifically, we observed high correlations for GM,WM, and TBVmea-

surements, and quadratic-weighted kappa values suggested strong

agreement between the two imaging modalities. However, GM den-

sity appears to be consistently higher on MRI than on CT, whereas the

opposite is true for WM. This could be explained by the fact that CT

and MRI capture different tissue contrasts due to inherent discrepan-

cies in image resolution and tissue composition. MRI provides superior

soft tissuedifferentiation,which could lead toamoreaccurate segmen-

tation ofGM. In contrast, CT scans are highly sensitive to differences in

tissue density. Despite these dissimilarities, our study shows a similar

performance of both tests in detecting brain atrophy as a function of

AD degree.

These results support the utility of brain CT as a viable alternative

to MRI, which may be less accessible or tolerable for people with DS,

as seen by the high exclusion rate due to problems with MRI. Most

exclusions were due to poor image quality, highlighting the difficulty

of obtaining reliable MRI scans in this population. This mirrors previ-

ous studies inwhich 12%–36%of the participants had to bewithdrawn

for similar reasons.13,21–23 Thus, CT offers a practical alternative for

assessing brain structure in individuals with DS with faster acquisition

times and better tolerability.

To the best of our knowledge, this is the first study in adults with

DS to compare brain CT and MRI on a person-to-person basis. A

major strength of this study is that the images were obtained primar-

ily from routine clinical practice, allowing for the extrapolation of our

findings to real-world settings. In addition, we successfully extracted

further information from the scans with advanced automated analy-

sis technology, employing free, publicly accessible artificial intelligence

tools.

Despite these strengths, several limitations should be acknowl-

edged. As a cross-sectional study, it is not possible to determine

progressive brain changes in each participant. The inter-scan inter-

val, of up to 1 year, might have introduced some variability between

brain CT and MRI estimates, especially in the context of rapidly

progressiveADassociatedwithDS; nonetheless, given that visible neu-

rodegenerative changes in AD progress gradually over years rather

than months,24,25 and that most scans were performed within a short

period, it is unlikely that this factor significantly influencedour findings.

The retrospective and observational nature of the study also lim-

its the reliability of the data collected. Some clinical variables prone

to subjective interpretation, such as the classification of AD stage,

may have been subject to bias. The quality of the images may have

been affected by the use of different types of scanners over various

time periods. Even so, in the final sample, all analyzed images were

acquired in recent years on the same devices, except for one partic-

ipant. This suggests that older scans were more likely to be excluded

due to quality limitations, ultimately improving the homogeneity of the

final dataset. In addition, preprocessing and normalization steps likely

helpedminimize systematic differences between scannermodels.

The small sample size, particularly in the dementia subgroup, may

limit the generalizability of our findings and reduce the power of the

study to detect statistically significant differences; in fact, the statis-

tical significance of the correlation between decreased brain volume

and degree of dementia on both CT and MRI does not hold after cor-

rection for multiple comparisons in the VBM analysis. However, our

results are aligned with previous studies with larger sample sizes, in

which the relationship between regional brain atrophy and dementia

has already been demonstrated.7 Furthermore, our current hypothe-

sis was that both imaging tests are comparable. It is worth mentioning

that technical exclusions affected MRI more than CT (13 vs 5 cases),

reinforcing the potential practicality of CT in clinical settings and sup-

porting its broader applicability in individuals with DS. Given these

factors, our findings should be interpreted as exploratory, providing

a foundation for future studies with larger cohorts. Furthermore, the

high number of exclusions could have led to selection bias, as individu-

als who completed the study likely have a lower degree of intellectual

disability (as indicated by differences in the DSQIID scale), as well as

fewer behavioral disorders and less epilepsy. Although an effort was

made to include a diverse samplewith different levels of cognitive abil-

ity, the underrepresentation of these participants, likely due to poor

tolerance to the scans, may compromise the external validity of the

study and should be taken into account when interpreting the results.

Finally, when considering the applicability of CT, it is important to

note that, although it is used widely in clinical practice, it carries inher-

ent risks due to radiation exposure, even though the global risk of

developing solid tumors is negligible in the DS population.26,27 The

use of specialized image processing software, which requires technical

expertise and is not yetwidely available in routine clinical practice,may

also limit its broader applicability. However, this study was designed as

a proof-of-concept, aiming to explore the utility of brain CT as a com-

plementary tool for the diagnosis of AD in DS. Future advancements in

user-friendly software interfaces, automated pipelines, or integrated

clinical platforms could help overcome this limitation and facilitate

wider adoption of this type of analysis.

In conclusion, our results suggest that brain CT provides reliable

morphometric data comparable to MRI in adults with DS, making

it a valuable tool for evaluating AD-associated cognitive decline in

individuals with DS. This could facilitate more widespread brain imag-

ing, aiding early detection and monitoring of AD progression. Future

research should explore the pathophysiological relationship between

regional brain changes detected by VBM and cognitive decline. Lon-

gitudinal studies are needed to investigate the progression of neu-

roanatomic changes over time. Furthermore, the overall volume reduc-

tions observed in associationwith dementia severity raise the question
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of whether specific thresholds could be established to support clinical

interpretation in individual cases, which would significantly facilitate

the implementation of our findings in clinical practice.
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