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Introduction

• CSF biomarkers and hippocampal (HC) subfield morphometry have 
consistently been used as biomarkers of preclinical Alzheimer’s disease (AD). 

• We have recently shown that the bilateral subiculum volumes are related to the 
interplay of CSF tau and Aβ in cognitively healthy subjects with a parental 
history of AD1.  

• Here we investigate the relationship between the CSF biomarkers and the 
microstructure of the HC circuit, including the subfields2 and extra-
hippocampal WM structures3, using the T1-weighted/FLAIR signal ratio in the 
same cohort.

HIPPOCAMPAL T1-WEIGHTED AND FLAIR CONTRAST IS ASSOCIATED WITH CSF BIOMARKERS IN 
ASYMPTOMATIC INDIVIDUALS WITH PARENTAL HISTORY OF ALZHEIMER’S DISEASE  
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DATA 
Data were obtained from the PREVENT-AD program4 (data release 3.0, 
November 30, 2016). 88 cognitively healthy individuals with a family history of 
AD were scanned on a Siemens Trio 3T with a 12-ch head coil. 

• 1mm3 T1-weighted MPRAGE: TI=900ms, TE=5ms, ⍺=9◦, TR=2300ms, ~9mins. 

• 1mm3 T2-weighted FLAIR: TI=1800ms, TE=389ms, ⍺=120◦, TR=5000ms, 
~6mins 

The subjects underwent a lumbar puncture to assay CSF Aβ and total tau levels 
using Innotests ELISA, and were genotyped for Apolipoprotein E4 (ApoE4) 
status.  

Sex 27 men, 61 women 

Age (sd) 62.8 (5.6) years

Age until parental onset of AD (sd) 12.4 (6.9) years

Education (sd) 14.9 (3.0) years

ApoE4 30 carriers, 58 non-carriers

✱

(N=29) (N=11) (N=45) (N=10)

✝

Fig. 2 Linear models of the T1w/
FLAIR ratio of the left fornix (top) 
and right fimbria (bottom) as a 
function of tau and Aβ. Cutoffs of tau 
= 290 pg/ml and Aβ = 950 pg/ml 
were used to categorize the subjects 
into high/low groups. The T1w/FLAIR 
ratios were residualized against the 
following covariates: sex, age, age 
until parental onset, education and 
ApoE4 status.

Fig. 3 Structural characterization of 
four CSF subgroups. The cohort was 
divided into four subgroups, eg. tau-
Aβ- refers to the subgroup of 
individuals with low CSF tau and high 
CSF Aβ concentrations. Left: The 
residualized subiculum volume is 
smaller in the tau+Aβ+ subgroup than 
the three others. Right: The 
residualized T1w/FLAIR ratio of the left 
fornix is lower in the tau+Aβ+ 
subgroup than the tau-Aβ+. 

Table 1. Cohort demographics

PROCESSING 
Preprocessed5 T1-weighted images were segmented using MAGeT6,7 to label 
the HC subfields2 and HC white matter3. We calculated the T1-weighted and 
FLAIR signal intensities within each structure, as well as the T1w/FLAIR signal 
ratio. Statistical analysis was performed in R using the following linear model. 
FDR was used to correct for multiple comparisons. 

T1w/FLAIR = βintercept + βgender (Gender) + βage (Age)   
    + βage2parental (Age2ParentalOnset) + βeducation (Education)  
    + βApoE4 (ApoE4 status) + βtau (CSF tau) 
    + βAβ (CSF Aβ) + βtau:Aβ (CSF tau ✕ CSF Aβ) + error

Fig. 1: 3D reconstruction of hippocampal subfield2 and extra-hippocampal 
white matter3 atlases. 

The T1w/FLAIR signal ratio was 
associated with the interaction of tau 
and Aβ in the left fornix, right fimbria 
and total right and left extra-
hippocampal WM (q<0.05). No 
significant association with the CSF 
biomarkers was detected for the T1w/
FLAIR ratio of the HC subfields.

(p<0.001, q=0.004)

 (p=0.006; q=0.035)

• The accumulation of both tau and Aβ pathology is associated with a lower 
T1w/FLAIR signal ratio in the left fornix and right fimbria in asymptomatic 
individuals. 

• The accumulation of tau or Aβ in the absence of the other is associated 
with an increase in T1w/FLAIR ratio. 

• These differences in T1w/FLAIR ratio may be caused by a combination of 
astrogliosis and the partial loss of myelin sheaths, axons, and 
oligodendrocytes, previously observed in the white matter of AD 
patients8. 

• Early biomarkers of HC circuit structural integrity should be included in 
models of preclinical AD. The T1w/FLAIR ratio is a widely available marker, 
which we have shown to be sensitive to AD-related pathology in the extra-
hippocampal WM.
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✝(p=0.019; q=0.057)
(p=0.034; q=0.068)
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