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Abstract 

The natural history of preclinical late-onset Alzheimer´s disease (LOAD) remains 

obscure and has received less attention than that of early-onset AD (EOAD), in 

spite of accounting for more than 99% of cases of AD. With the purpose of 

detecting early structural and functional traits associated with the disorder, we 

sought to characterize cortical thickness and subcortical grey matter volume, 

cerebral metabolism, and amyloid deposition in persons at risk for LOAD in 

comparison with a similar group without family history of AD. We obtained 3T T1 

images for gray matter volume, FDG-PET to evaluate regional cerebral 

metabolism, and PET-PiB to detect fibrillar amyloid deposition in 30 middle-aged, 

asymptomatic, cognitively normal individuals with one parent diagnosed with LOAD 

(O-LOAD), and 25 comparable controls (CS) without family history of 

neurodegenerative disorders (CS). We observed isocortical thinning in AD-relevant 

areas including posterior cingulate, precuneus, and areas of the prefrontal and 

temporoparietal cortex in O-LOAD. Unexpectedly, this group displayed increased 

cerebral metabolism, in some cases overlapping with the areas of cortical thinning, 

and no differences in bilateral hippocampal volume and hippocampal metabolism. 

Given the importance of age in this sample of individuals presumably developing 

early AD-related changes, we controlled results for age and observed that most 

differences in cortical thickness and metabolism became nonsignificant; however, 

greater deposition of β-amyloid was observed in the right hemisphere including 

temporoparietal cortex, postcentral gyrus, fusiform inferior and middle temporal 

and lingual gyri. If replicated, the present observations of morphological, metabolic, 



4 

 

and amyloid changes in cognitively normal persons with family history of LOAD 

may bear important implications for the definition of very early phenotypes of this 

disorder.  

Keywords: Alzheimer´s Disease, Cortical Thickness, FDG-PET, PET-PiB, ApoE4. 
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Introduction 
 

The pathophysiology of late-onset Alzheimer´s Disease (LOAD), accounting for 

over 99% of cases of AD, is poorly understood and is an active area of 

investigation.  Available data suggests AD probably results from a more complex 

mechanism than the early-onset form described by Alzheimer (1) and named after 

him by Kraepelin (2), even though these two clinical forms share the 

neuropathological landmarks of amyloid plaques, neurofibrillary tangles, and 

neurodegeneration. According to the dominant amyloid cascade hypothesis (ACH), 

extrafibrillar amyloid deposition is followed by intracellular Tau-mediated toxicity 

and then neurodegeneration (3); however, a series of findings and the repeated 

failures of experimental agents targeting amyloid synthesis, deposition or 

clearance to treat Alzheimer´s disease (AD) manifestations have questioned the 

heuristic validity of this theory (4, 5). It is relevant to note that  despite the higher 

prevalence of LOAD, there is a paucity of studies exploring the early pathological 

processes of LOAD in individuals who are at-risk for this form of the disorder. Apart 

from aging, having a parent with LOAD is the main known risk factor (6, 7). This is 

partially explained by being a carrier of the APOEε4 allele; however, given that 

many patients who develop LOAD are not APOE ε4 allele carriers and many 

individuals who are hetero- or homozygous for APOE ε4 never develop LOAD. 

Several studies have suggested three main findings associated with early LOAD 

pathophysiology. First, that there is a “dose effect” associated with heritable risk for 

LOAD biomarker changes prior to symptom onset.  That is, maternal or biparental 
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inheritance appears to confer more risk than paternal inheritance (8). Second, that 

familial risk is in general, associated with decreased brain metabolism, especially 

in AD-relevant areas such as medial temporal lobe, precuneus, and parietal cortex 

(9, 10). Third, that amyloid deposition and brain hypometabolism precede structural 

gray matter changes (11, 8). Another source of evidence for preclinical biomarkers 

of LOAD comes from studies of APOE ε4 carrier status effects in populations of 

individuals with family history of LOAD, which is associated with early decreased 

brain metabolism, much like clinical forms of LOAD such as amnestic mild 

cognitive impairment and AD dementia (12, 11). There is no uniform agreement in 

these studies, as for example, Mosconi et al. (8) did not find a significant 

contribution of APOE genotype in their sample of at-risk individuals. Perhaps 

similar to several other prevalent medical disorders with definite heritable risk but 

unknown risk genes and only partial concordance in monozygotic twins, various 

undetermined environmental factors probably interact with the vulnerability gene 

variants to contribute to the appearance of clinical forms of LOAD (6). 

Understanding that an as-yet unknown number of genes can contribute to LOAD, 

the chances of sampling the same gene subsets in different studies of limited 

sample size is quite low; thus, in the present study, we sought to characterize the 

presence of AD-related neuroimaging biomarkers in individuals with at least one 

parent affected with LOAD (13, 14), in a sample of middle-aged, asymptomatic 

individuals in the Buenos Aires metropolitan area of Argentina. Peculiar 

characteristics of this sample include its ethnic and cultural homogeneity (all 

participants are Caucasian Argentine Hispanics), a relatively high level of formal 

education, the lack of significant comorbid cerebrovascular disease, and distinct 
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dietary habits, including one of the highest red meat intake per person in the world, 

of approximately 40 kg per person per year on average (second only to that of 

neighboring Uruguay), which has been considered a risk factor for dementia in old 

age (15). 

We hypothesized that these epidemiological peculiarities would not influence the 

presence of early biomarkers for this at-risk sample and, according to the ACH, we 

predicted that in vivo evidence of amyloid deposition and hypometabolism in AD-

relevant brain regions would precede, or at least be greater than, structural deficits 

as evaluated by subcortical structure volumes and isocortical thickness. We also 

predicted that the latter, if at all present at this early period of risk, would be 

present, or be greater, in mesial temporal structures including the hippocampus, 

than in neocortical regions. 

 

Materials and Methods 

Sample 

A functional 18F-FDG PET image, an 11C-PIB-PET image of cerebral β amyloid 

deposit and a structural T1-weighted MRI image were obtained in 30 LOAD 

offspring (O-LOAD) and 25 control subjects (CS) comparable in gender, age, and 

education level. The inclusion criteria for O-LOAD were as follows: 1) At least one 

parent diagnosed with probable LOAD according to the DSM-5 criteria, 2) 40–65 

years old at the time of recruitment, and 3) >7 years of formal education. All 

participants were asked for clinical information of affected family members. For 
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individuals who had received no treatment at the FLENI Foundation (n=5) the 

parents’ diagnosis of LOAD was confirmed by a clinician.  In addition to clinical 

confirmation of LOAD in the parents, structural MRIs were available to confirm 

atrophic changes suggestive of AD and absence of significant vascular disease in 

the parents of 15 participants. Of these, three had a positive PET-PiB test. The CS 

group had the same inclusion criteria except no family history of AD or other 

neurodegenerative brain disease. The exclusion criteria for O-LOAD and CS were 

as follows: 1) Mini Mental State Examination (MMSE) score <25, 2) compromised 

intellectual level based upon low levels of education and occupational  history, 3) 

evidence of current progressive neurologic disease likely to impact cognitive 

performance, 4) history of substance abuse (alcohol, marijuana, stimulants, 

benzodiazepines, or other drugs), and 5) Hachinski score >7, to identify vascular-

derived cognitive impairment. 

The study protocol was performed in accordance with the Declaration of Helsinki, 

and approved by the Bioethics Committee of the FLENI Foundation, Argentina. All 

participants provided their written informed consent for the study. 

 

T1 Image Acquisition 

MRI images were acquired on a 3 T GE Signa HDxt MRI machine with an eight-

channel head coil. A high resolution T1 3D fast SPGR-IR image was acquired. One 

hundred and sixty-six sagittal contiguous slices were obtained in an acquisition 

matrix of 256 × 256, TR = 7.256 ms, TE = 2.988 ms, flip angle 8°, FOV = 26 cm, 

and slice thickness = 1.2 mm. 
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Cortical and subcortical T1 Image Processing 

Cortical reconstruction and volumetric segmentation were performed with the 

FreeSurfer image analysis program version Linux-centos6_x86_64-stable-v6-beta-

20151015, which is available for online download at 

(http://surfer.nmr.mgh.harvard.edu/). The FreeSurfer pipeline removes non-brain 

tissue using a hybrid watershed/surface deformation procedure (16), automated 

Talairach transformation, segmentation of the subcortical white matter (WM) and 

deep gray matter (GM) volumetric structures (17, 18), intensity normalization (19), 

tessellation of the GM/WM boundary, automated topology correction (20, 21), and 

surface deformation following intensity gradients to optimally place the GM/WM 

and GM/cerebrospinal-fluid borders at the location where the greatest shift in 

intensity defines the transition to the other tissue class (22, 23, 24). 

The morphometric evaluation of each hemisphere was performed independently. 

Each volume and surface obtained was carefully reviewed by a two investigators 

blind to the participant´s study condition (BDA, SMG) and edited manually by one 

of these investigators (BDA) as necessary to conform to the anatomically 

determined limits. Major topological inaccuracies were corrected with vertex edits 

or control points. Finally, surface maps were smoothed using Gaussian kernel of 

10 mm. 

  

Once the cortical models were complete, whole-brain cortical thickness was 

measured. It was calculated as the shortest distance between the GM/WM 
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boundary and pial surface at each vertex across the cortex. The maps were 

created using spatial intensity gradients across tissue classes and were not simply 

reliant on absolute signal intensity. The maps produced are not restricted to the 

voxel resolution of the original data thus are capable of detecting submillimeter 

differences between groups. Subcortical volumes were also measured 

automatically using FreeSurfer by assigning each voxel in the normalized brain 

volume to one of 40 regions of interest (ROIs) (hippocampus, amygdala, thalamus, 

caudate, putamen, pallidum, among others) using a probabilistic atlas, from which 

we obtained the volume measurements. Total intracranial volume (TIV), was also 

calculated using Freesurfer and used to normalize volumetric data for the ROIs. 

To map all of the participants´ brains to a common space and perform a 

comparison between groups, we registered all of the cortical thickness maps to a 

spherical atlas which is based on individual cortical folding patterns to match 

cortical geometry across participants (25) and create a variety of surface-based 

data. 

 

Cortical and subcortical statistical analysis 

The statistical analyses were carried out in two stages. First, entire cortex analyses 

were performed to explore cortical thickness in O-LOAD versus CS. Statistical 

maps were generated using the “command-line” group analysis stream in 

Freesurfer, which implements the General Linear Model (GLM) to estimate the 

differences in cortical morphometric data produced. The second stage consisted in 

performing the same analyses using age as a covariate.  Even though intergroup 

age differences were non-significant, this was done due to the importance of age 
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as a risk factor for LOAD. Multiple comparisons were corrected with a Monte Carlo 

Simulation using a two-tailed p-value set at <0.05. The results were visualized by 

overlaying significant cortical areas onto semi-inflated cortical surfaces. 

 

Subcortical volumes were automatically derived from outcomes of Freesurfer, and 

SPSS 20.0 was used to analyze the differences in hippocampal volumes between 

groups. A significance level of p < .05 (Bonferroni multiple comparisons correction) 

was used. 

 

PET Image Acquisition 

 

Synthesis of 18F-FDG: PET/ CT Equipment 

The PET image acquisition was performed on a PET/CT General Electric 690. 

Main FDG synthesis is executed in-house in a FASTLAB synthesizer. This 

synthesizer is a compact automated system that converts externally produced 

[18F]-fluoride into [18F]-FDG ready for quality control, usable in Positron Emission 

Tomography (PET). The synthesis is carried out in a disposable fluid pathway 

called FDG cassette. This cassette is replaced at each run, ensuring a clean and 

reproducible operation in every FDG production. The entire synthesis takes about 

25 minutes. The resulting FDG solution (about 15 ml) and radionuclide is produced 

in the form of fluoride ions by bombardment of [18O]-water (2.5-5 ml) with 

accelerated protons on the cyclotron target. For in-house productions, the quantity 

of 18F-activity recovered is usually 1500-7000 mCi. During the irradiation, the 
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synthesizer can carry out the cassette test and the synthesis preliminary steps 

(cassette conditioning). The participant must have been fasting for 6 hours, have a 

blood glucose level under 130mg/dl and the procedure is conducted in a quiet dim-

lit room. Image acquisition was performed 30-40 min post- FDG administration, 

and dynamic tomographic images in 3D mode take approximately 30 min to 

acquire. 

 

Amyloid PET Imaging 

11C-PIB synthesis is carried out in a GE TRACER lab FXC PRO module which is a 

compact, automated radiochemistry system, which produces C-11 labeled 

radiochemicals from 11C-CO2. The module includes a HPLC (High Performance 

Liquid Chromatography) system for purification. The HPLC is a separation method 

that allows the isolation of the labeled product from radioactive by-products and 

organic impurities. In-house HPLC is performed with 0.009M sodium citrate 

ethanol/water (60/40) as a mobile phase with a flow rate of 3 mL/min and a reverse 

phase high performance liquid chromatographic (RP-HPLC) column. 

Chromatograms were registered using a UV-detector and a radioactivity detector in 

series. The product peak containing the [11C]-PIB is cut from the chromatographic 

system by valve switching from waste to product line. The [11C] PIB fraction 

(retention time 11-12 minutes) is transferred into flask and diluted with 30 mL of 

saline solution to reduce the ethanol percentage. The final total volume is 36 ml. 

The PIB solution is ready to be fractionated after sterile filtration. The10 mCi 

(adjusted by weight) was administered and image acquisition proceeded 50 min 
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Post- 11CPIB administration. Subsequently, dynamic tomographic images, 3D 

mode takes 20 minutes. 

 

PET PiB and FDG Image Processing 

PET images were processed along with MRI volumetric T1 images. MRI T1 images 

were obtained and analyzed in FreeSurfer as described in the T1 Image 

Processing section. Next, an analysis was performed using the PETSurfer scripts, 

which can be found at (https://surfer.nmr.mgh.harvard.edu/PetSurfer) and consist 

of the following steps: 1) creation of a high-resolution segmentation (gtmseg.mgz) 

used to run the Partial volume correction (PVC) methods for limited tissue 

sampling (26), 2) co-registration of PET and structural T1, 3) application of PVC 

method from which the PVC uptake of each region relative to Pons is obtained and  

volumes of corrected voxel-wise values of cortical and subcortical, using the 

“extended” Muller-Gartner method (we chose the pons because it is the region 

most commonly used in the type of analysis employed herein (27, 28, 29, 30)), is 

easy to identify, has small PVEs, and is thought to be resistant to atrophy, at least 

in AD (31), and 4) a surface-based analysis was carried out to sample those 

volumes onto each of the individual subject's surfaces. 

 

PET Statistical Analysis 

file:///C:/Users/sguinjoan/AppData/Local/Microsoft/Windows/h
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We applied the same two-stage procedure as described for cortical and subcortical 

statistical analyses. In this case the observed data for the GLM were the PIB or 

FGD volumes obtained from the step 3. 

 

 

APOE genotyping 

Genomic DNA was obtained from peripheral blood leukocytes using the Wizard 

Genomic DNA Purification Kit (PROMEGA, Madison, WI, USA) according to 

manufacturer’s instructions. One hundred micrograms of DNA were used as 

template in a PCR reaction using standard cycling conditions. PCR amplicons were 

digested with CfoI. Polyacrylamide gel electrophoresis followed by ethidium 

bromide staining was performed. Restriction fragments were analyzed upon 

observation at a UV transilluminator (32).  

 

General statistical procedures 

 

Intergroup comparisons were performed with an independent-samples t test or a 

Fisher´s Exact Test for continuous and categorical variables respectively. All tests 

were two-tailed and the significance level was set at p < 0.05. 

 

Results 
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Table 1 shows the characteristics of the sample. As previously described (13, 14), 

O-LOAD exhibit significantly decreased MMSE score and episodic memory ability 

even though all participants fall within normal limits for each neuropsychological 

test.  Further, this difference between groups probably reflects an evident ceiling 

effect that constrains the variance of this variable. APOE ε4 carrier status was 

more frequent among O-LOAD participants albeit the difference between groups 

was not significant (Table 1). 

Figure 1 shows the differences in cortical thickness between O-LOAD and CS. The 

O-LOAD group displayed significantly reduced cortical thickness in bilateral 

precuneus, bilateral parietal cortex, right cingulate cortex, and areas of left 

occipital, right inferior temporal, and bilateral frontal cortices (Figure 1), but this 

difference became non-significant when controlling for age. Hippocampal volume 

did not differ between groups. 

Figure 2 shows the map of FDG-PET intensity in O-LOAD and CS. Overall cortical 

FDG-PET intensity relative to pons was greater in O-LOAD compared to CS. 

Statistically significant regional differences in brain metabolic activity are shown in 

Figure 3. These included bilateral precunei, posterior cingulate, and posterior 

parietal cortices, as well as right middle cingulate and right temporoparietal cortex. 

Some of these areas (i.e., bilateral precunei, posterior parietal cortex, posterior 

cignulate, and right middle cingulate cortex) show a significant overlap with regions 

displaying decreased cortical thickness in the volumetric assessment (see Figure 

1). When age was entered as a co-variate, the difference became non-significant. 

Hippocampal metabolic activity was similar in both groups.  
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Figure 4 shows PET-PiB intensity signal in O-LOAD and CS. Both groups showed 

significant PiB signal intensity in the bilateral cingulate cortices, as well as in 

discrete areas of the temporal, frontal, insular, and parietal cortices. PiB intensity 

appears more extended in O-LOAD (left panels), but differences were not 

statistically significant when correcting for multiple measurements (not shown). 

However, when corrected for age, O-LOAD displayed greater PET-PiB signal than 

CS in the right hemisphere including temporoparietal cortex, as well as the 

postcentral, fusiform, inferior, middle temporal, and lingual gyri (Figure 5). PiB 

signal in the hippocampus displayed similar intensity in both groups (not shown).   

 

Discussion 

The main findings of the present study are as follows: 1) asymptomatic O-LOAD 

exhibited decreased cortical thickness in several brain regions shown to be 

affected in clinical forms of LOAD as well as in groups rendered at-risk for this 

disorder, from infants to the elderly (33, 34); 2) contrary to expectation, O-LOAD as 

a group exhibited greater brain metabolism in several regions, including some AD-

relevant regions that evidenced significantly decreased thickness in this sample 

and 3) when controlling for age, PET-PIB signal was significantly more intense in 

the O-LOAD group compared with persons without family history of LOAD or other 

neurodegenerative illness in the right hemisphere, including areas shown to be 

affected in AD, but metabolic and structural intergroup differences were rendered 

non-significant. Pathophysiological models of AD have proposed a sequence of 



17 

 

events –and their corresponding biomarker changes- consisting of extracellular 

amyloid deposition, then intracellular neurofibrillary changes, and eventually 

neurodegeneration with varying degrees of neuroinflammation (3, 35). Most studies 

in LOAD have been conducted during symptomatic stages (i.e., amnestic mild 

cognitive impairment and Alzheimer´s dementia) compared with normal individuals 

in advanced age, and have reported correlations between neurodegenerative and 

cognitive changes, and to a much lesser extent, between the latter and biomarkers 

of the severity of brain amyloid accumulation. Thus, it has been proposed that 

amyloid deposition preceded neurodegeneration and cognitive symptoms, either 

linearly over several years, or exponentially at an as yet undefined point in the 

natural history of the disorder, and then linearly (35). At the time of symptom onset, 

the amyloid deposit would, in theory, have already plateaued, thus explaining the 

relative dissociation between progression of amyloid accumulation and progression 

of cognitive symptoms (35). However, there is a paucity of studies specifically 

addressing AD-related structural and functional changes years prior to the 

expected onset of symptoms in LOAD, which is the most common form of the 

disorder. In a series of pioneering studies on the topic, Mosconi et al. (36, 8) found 

abnormalities in amyloid deposition, cerebral metabolism, and grey matter, in a 

sample of similar, albeit somewhat older participants, as ours (8). As expected, 

they detected increased amyloid and decreased cerebral glucose metabolism, the 

latter in AD-relevant areas, supporting the ACH prediction that amyloid deposition 

would precede other abnormalities at an early enough stage. Interestingly, they 

observed that maternal inheritance of LOAD was associated with these 

disturbances, whereas paternal inheritance was not (36, 8), even though lack of 
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paternal inheritance of risk is not a uniform finding in the LOAD literature (6). 

Importantly, these observations were independent of the APOE genotype, which is 

the main known genetic risk factor for LOAD (8). Reiman et al. (12, 11) in contrast, 

characterized the phenotypical consequences of the “dose” of ApoE4 in 

asymptomatic individuals (11). These authors did not take into account maternal vs 

paternal inheritance, and in one case, APOE ε4dose (i.e., homozygous, 

heterozygous, or no APOE ε4allele) was examined among persons with at least 

one first-degree relative affected with the disorder, without comparison with 

individuals without family history (11). These authors concluded that the “dose” of 

APOE ε4 alleles was related to the intensity of in-vivo amyloid deposition and to 

decreased cerebral metabolism. Taken together, these studies provide support to 

the ACH in different groups of relatively young, asymptomatic individuals at 

epidemiological risk for LOAD, indicating both amyloid deposits and deficits in 

cerebral metabolism in AD-related areas are consistent and very early 

manifestations of risk for LOAD. 

The present study partially replicates these observations, showing greater in vivo 

amyloid deposition in O-LOAD, when age is controlled for in intergroup 

comparisons. Apart from indications that amyloid deposition is associated with 

specific patterns of brain metabolic activity in young adults, LOAD patients, and 

cognitively normal older adults (37), different groups have also observed a positive 

correlation between cerebral metabolism and in vivo amyloid deposition as 

measured by PiB retention, and an inverse correlation of cerebral metabolism with 

cortical thickness (38, 39). Our findings are in agreement with the latter 
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observations. Whereas increased metabolic activity in areas associated with AD (in 

which we found cortical thinning) could represent a compensatory response in 

areas that are adversely affected before the deposition of amyloid, our observation 

might be capturing an early phenomenon in which increased metabolism in AD-

relevant areas favors increased deposition of amyloid (37, 39), and this might be 

occurring during a specific moment of neurodegeneration that seems very sensitive 

to subtle age changes.  

We also observed consistent decrease of grey matter volume in AD-related regions 

such as the bilateral posterior cingulate cortex, precunei, right middle cingulate 

gyrus, and temporoparietal cortex prior to any significant mesial temporal 

neurodegeneration, which is the most consistent clinical neurodegenerative 

biomarker in LOAD (40), although the observed changes are likely age-dependent. 

This finding is intriguing as well, but a number of reasons could account for it. For 

one, different authors have found atrophy in these regions among at-risk 

individuals (33), sometimes in age groups so young that suggest that 

neurodegeneration is highly unlikely (e.g., infants who bear APOE ε4 genotypes; 

34).  These findings have raised the possibility that LOAD may be characterized by 

neurodevelopmental phenotypes in addition to, neurodegenerative phenotypes. 

Our results are consistent with this observation in that 1) neocortical thinning in 

AD-relevant areas was detected at a time without any evidence of hippocampal 

atrophy –a known early biomarker of neurodegeneration in clinical AD and, 2) brain 

metabolic abnormalities in those same regions , which is similar to early findings in 

autosomal-dominant early-onset AD (41), but in contrast with how uptake is 
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observed in AD during clinical stages.  Moreover,, several genetic studies now 

suggest that gene variants associated to AD in old age, are also determinants of 

clinical (e.g., academic performance) and structural phenotypes (decreased 

cortical thickness in the same neocortical areas as in LOAD). These observations 

broaden the concept of LOAD from a purely neurodegenerative disorder, to include 

neurodevelopmental factors as well. This might also be a potential explanation for 

differences of MMSE and verbal learning in our sample. If this is true, the precise 

definition of the latter aspect might enable very early detection of future LOAD 

cases and, possibly, permit the design of very early intervention strategies. 

Our conclusions are limited by a series of factors. Not being a prospective study, 

the differences in neuroimaging variables we observed between groups are of 

uncertain origin; moreover, we cannot make a definitive assessment of whether the 

differences observed in O-LOAD actually represent any increased risk of 

developing the disease. Our sample was homogeneous in regards to ethnicity, 

geographical area, culture, and years of education, perhaps limiting generalizability 

of the results. Also, the relatively small sample size might have obscured 

significant differences between groups, especially in regards to PET-PiB signal, 

and also prevented us from examining the effects of ApoE genotype and type of 

parental inheritance on the present results. Nonetheless, the current results have 

significant implications for understanding the earliest pathogenesis of LOAD and is 

worthy of further research. 

In conclusion, in multimodal imaging of clinically asymptomatic individuals with at 

least one parent affected by LOAD, we observed cortical thinning in AD-relevant 
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areas, and an unexpected increase of metabolic activity in those same areas. In 

this group, hippocampal volume and brain metabolic activity –compromised early in 

clinical forms of AD- were not affected. Amyloid deposition was greater in O-LOAD 

when we controlled for age. These changes seem very sensitive to minor, 

statistically non-significant age differences, thus underscoring that our sample 

might be capturing very early AD-related changes on neuroimaging. These series 

of observations are not entirely in line with the prevalent ACH. In light of previous 

studies of both late- and early-onset AD and at-risk subjects, we propose that a 

possible explanation for the discrepancy between what was expected and what 

was actually observed (especially increased metabolism in areas of decreased 

thickness), might be due to the fact that abnormalities described herein reflect both 

neurodevelopmental and early neurodegenerative AD-related phenotypes. The 

clarification of the sequence of events leading to LOAD is critical to help guide 

therapeutic measures, but would necessitate the study of a sufficient number of at-

risk subjects of diverse age ranges, followed by longitudinal observation of their 

neuroimaging phenotypes.
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Table 1. Demographic data 
 
 

 Group 
CS (n=25) O-LOAD (n=30) Statistic p 

Mean or 
Frequency SD or % Mean or 

Frequency SD or %   

Female 21 84% 20 66.7% X2= 2.159 .142 
Maternal Inheritance N/A N/A 16 53.3%   
Age 51 7.6 54.4 7 t = -1.724 .091 
Education 17.6 2.7 17.4 3 t= .238 .813 
APOE ε4 1 8.3% 4 23.5% X2= 1.138 .286 
WAT-BA 43.8 4.9 41.9 5.6 t= 1.373 .175 
BDI II 8.1 7.5 8.9 6.5 t= -.421 .676 
MMSE 29.6 0.7 28.8 1.2 t= 3.046 .004 
RAVLT Delayed R 10.3 2 8.5 3 t= 2.647 .011 
       
BDI-II: Beck Depression Inventory, second edition; WAT-BA: Word Accentuation Test, Buenos Aires 
version; MMSE: Mini Mental State Examination; RAVLT Delayed R: Rey Auditory Verbal Learning 
Test delayed recall. 
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Figure Legends 

Figure 1: Differences in cortical thickness between offspring of patients with late-

onset Alzheimer´s disease (O-LOAD) and comparable individuals without family 

history of neurodegenerative disorders (CS). The clusters in red indicate greater 

thickness in CS vs O-LOAD, the values of the maps shown correspond to -log(p) 

with p < 0.05, following Monte Carlo correction. 

Figure 2: FDG-PET intensity maps in O-LOAD and CS. The colors indicate the 

intensity of, greater FDG (-log(p)) intensity values are shown in yellow and lower 

values in red.  

Figure 3: Differences in regional brain metabolism as measured by FDG-PET 

between O-LOAD and CS. Blue areas indicate regions of lower metabolic activity 

in CS. No brain region shows greater metabolic activity in CS compared to O-

LOAD. Please see the text for details. 

Figure 4: PET-PiB intensity maps in O-LOAD and CS. The colors indicate the 

intensity of PiB (-lo(p)), with higher values in yellow and lower values in red. 

Figure 5: Differences in regional brain β-amyloid deposit as measured by PET-PiB, 

using age as a covariate between O-LOAD and CS. Values correspond to -log (p) 

corrected by Monte Carlo. Blue areas indicate greater PET-PiB signal in O-LOAD. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 

 


