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Abstract 

INTRODUCTION, Blood-based biomarkers are the next challenge for Alzheimer’s disease (AD) 

diagnosis and prognosis.  

METHODS, MCI participants (N=485) of BALTAZAR study, a large-scale longitudinal multicenter 

cohort, were followed-up for 3 years. 165 of them converted to dementia (95% AD). Associations of 

conversion and plasma Aβ1-42, Aβ1-40, Aβ1-42/Aβ1-40 ratio were analyzed with logistic and Cox models. 

RESULTS, Converters to dementia had lower level of plasma Aβ1-42 (37.1 (12.5) vs. 39.2 (11.1), P 

value=0.03) and lower Aβ1-42/Aβ1-40 ratio than non-converters (0.148 (0.125) vs. 0.154 (0.076), P 

value=0.02). MCI participants in the highest quartile of Aβ1-42/Aβ1-40 ratio (≥0.169) had a significant 

lower risk of conversion (Hazard Ratio adjusted for age, sex, education, APOE ε4, hippocampus 

atrophy = 0.52 (95%CI [0.31-0.86], P value=0.01).  

DISCUSSION, In this large cohort of MCI subjects we identified a threshold for plasma Aβ1-42/Aβ1-40 

ratio that may detect patients with a low risk of conversion to dementia within 3 years.  
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Background 

Blood-based biomarkers are the next challenge for Alzheimer’s disease (AD) diagnosis, prognosis and 

prediction. Since 2007, cerebrospinal fluid (CSF) amyloid β (Aβ)1-42 or Aβ1-42/Aβ1-40 ratio, Tau, p-Tau, 

PET-amyloid biomarkers are used as pathophysiological biomarkers, in combination with 

topographical biomarkers (clinical, neuropsychological and brain imaging) to establish the diagnosis 

of AD in research [1] and in daily clinical practice [2-6]. Their capacity to detect early AD and 

individuals at risk to develop AD from mild cognitive impairment (MCI), cognitive complaint or 

asymptomatic familial history of AD cases [7-10] has already been demonstrated. With the 

development of targeted drugs and preventive strategies prior to cognitive decline, non-invasive, 

reproducible and easy-to-use tools need to be validated in order to prescreen subjects at risk of AD, 

of conversion to dementia.  

More recently, plasma Aβ1-42 or Aβ1-42/Aβ1-40 ratio have been found significantly correlated to CSF  

Aβ1-42 or CSF Aβ1-42/Aβ1-40 ratio [11-13]. Plasma Aβ1-42 and Aβ1-42/Aβ1-40 ratio also predict PET amyloid 

positivity with good sensitivity and specificity among elderly cognitive normal subjects, MCI and AD 

patients (AUC from 0.72 to 0.98) [13-21]. However, the prognosis relevance of plasma Aβ biomarkers 

remained to be fully validated. Studies of plasma Aβ levels assessing the interest of plasma Aβ 

biomarkers yielded contradictory results [22]. Lastly low plasma Aβ1-42 or Aβ1-42/Aβ1-40 ratio has found 

associated with conversion to dementia in some large community-based cohorts [17, 23-26]. In other 

cohorts however, this association was not confirmed [27-29]. 

In addition to Aβ1-42 and Aβ40, soluble amyloid precursor protein α (sAPPα) and β (sAPPβ) are 

promising novel biomarkers in CSF of AD patients [30, 31] and more recently in blood [32]. However, 

these results were not confirmed in other studies [33, 34]. A transient increase in sAPPα secretion in 

response to Aβ1-42 oligomers has been observed suggesting that sAPPα levels may vary with the 

clinical staging of patients [35].  

We investigated whether plasma concentrations of Aβ1-42, Aβ1-40, Aβ1-42/Aβ1-40 ratio and sAPPα, 

predict the conversion from MCI to dementia, in particular AD, over 3 years of follow-up in the large-

scale longitudinal multicenter BALTAZAR (Biomarker of AmyLoid pepTide and ALZheimer’s disease 

Risk) cohort. 
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Methods 

Participants 

The MCI participants (n=539) were selected from the BALTAZAR study, a multicenter (23 French 

memory centers) prospective cohort (ClinicalTrials.gov Identifier #NCT01315639) with a 3-year 

follow-up. BALTAZAR protocol has already been published [12]. MCI diagnosis was based on 

Petersen’s criteria [36, 37]. Participants with Lewy Body, Parkinson, frontotemporal or vascular MCI 

disorders were excluded in order to maximize the likelihood of conversion to Alzheimer’s disease.  

All participants were Caucasian, community-dwellers and had caregivers. At baseline, all the 

participants underwent clinical, neuropsychological and biological assessments and in participants 

unless contradictions, brain MRI. CSF samples were collected in accepting participants. 

Cognitive evaluations were performed with extensive neuropsychological battery by 

neuropsychologists after training program to harmonize the quotation [12]. MCI subjects at baseline 

were dichotomized into amnestic (a-MCI) and non-amnestic (na-MCI) phenotypes according to the 

presence of memory impairment on FCSRT related to age, sex and educational level. Six 

neuropsychological follow-up visits were scheduled at 6 months (M6), 12 months (M12), 18 months 

(M18), 24 months (M24), 30 months (M30) and 36 months (M36), with ADL and IADL and CDR and 

comprehensive neuropsychological battery tests including the MMSE. At the end of each follow-up 

visit, MCI participants were classified into MCI stage or into conversion to dementia stage. 

Because diagnostic criteria have evolved and now includes biomarkers [38], we also classified MCI 

participants in MCI core-clinical, MCI low-likelihood, MCI intermediate-likelihood and MCI high-

likelihood groups, based on the positivity of Aβ biomarkers such as CSF Aβ42 and neuronal injury 

based on CSF Tau or MRI hippocampal atrophy. MCI were then classified according to the ATN 

classification [39] and the PLM scale [4] and Albert’ criteria [40]. 

All participants gave written informed consent to participate in the study. The BALTAZAR study was 

approved by the Paris ethics committee (CPP Ile de France IV Saint-Louis Hospital).  

 

Determination of Conversion from MCI to dementia 

The conversions from MCI to AD dementia were reviewed by an adjudication committee only based 

on the clinical and neuropsychological characteristics by using the NIA-AA criteria blinded to CSF and 

plasma biomarker results [38]. Decline in cognitive functioning and disability in activities of daily 

living, measured by changes from baseline in scores of the MMSE, IADL, ADL, and CDR (> 1), defined 

the progression from MCI to dementia.  



 6 

Biomarkers  

Protocol used for the measurements of CSF and plasma biomarkers has already been published [12]. 

Briefly analyses of plasma Aβ1-42 and Aβ1-40 and CSF Aβ1-42, Tau and p-Tau were performed in a single 

centralized laboratory with the same collection tubes across all study centers (low binding 

Eppendorf® (LoBind microtubes Eppendorf, ref 022431064, Hamburg, Germany)). 

Plasma Aβ peptide assay was performed using the INNO-BIA kit (Fujirebio Europe NV, formerly 

Innogenetics NV, Belgium), based on a multiplex xMAP technique with a LABScan-200 system 

(Luminex BV, The Netherlands). CSF A42, total-tau and phosphorylated-tau (p-tau181) levels were 

measured using commercially available Innotest® sandwich ELISA INNOTEST® hTAU Ag, INNOTEST® 

β-Amyloid(1-42) and INNOTEST® Phospho-tau(181P) according to the manufacturer’s procedures 

(Fujirebio Europe NV, formally Innogenetics NV, Belgium). 

For sAPPα, serum was collected on Venosafe@plastic tubes VF-076SP and the same Eppendorf tubes 

were used for aliquots. sAPPα was evaluated using our previous test based on homogenous time-

resolved fluorescence [41].  

MRI brain imaging 

The MRI protocol has already been published [12]. included a 3D volumetric T1 weighted, an axial 

FLAIR T2W, an axial EG T2W, an axial T2W FSE, an axial blood oxygen-level dependence (BOLD) echo 

planar EPI (10 min); an axial diffusion tensor imaging (DTI); and an arterial spin labeling imaging. 

After MRI were completed the scans were sent for quality validation and post-processing. MRI 

analysis was centralized and analyzed by the CATI (Centre d’acquisition et de traitement d'images) 

[42]. Hippocampal atrophy was assessed using Scheltens scale on baseline brain MRI. 

Other confounding factors 

The standardized interview included questions on demographic and socioeconomic characteristics, 

health status and medication use of the participants. Diabetes was defined as a self-reported 

diagnosis of diabetes or fasting blood glucose > 7.0 mmol/L or use of glucose-modifying medication 

and hypertension as a measured systolic blood pressure ≥ 140 mmHg or diastolic blood 

pressure ≥ 90 mmHg or current antihypertensive treatment. Disability was assessed using IADL 

(Instrumental Activities of Daily Living, normal score 14/14) and ADL (Activities of Daily Living, normal 

score 6/6) scales. Depressive symptoms were evaluated with the GDS (Geriatric Depression Scale).  

APOE was genotyped in a single centralized laboratory [12].  

Statistical analyses 
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In BALTAZAR cohort among the 539 MCI participants, 485 had available plasma biomarkers. Because 

plasma Aβ1-40, Aβ1-42 and Aβ1-42/Aβ1-40 ratio did not have a normal distribution, log transformed 

variables were used in statistics for comparison but for the sake of clarity, non-transformed values 

are presented in the tables. General characteristics were analyzed in the whole sample and according 

to conversion to dementia. Categorical variables are presented as percentage and counts (% (N)), 

continuous variables as mean and standard deviation (M (SD)) and comparison were made with χ2 

tests and T-tests respectively. Because Aβ1-42/Aβ1-40 ratio did not have a normal distribution, quartiles 

of Aβ1-42/Aβ1-40 ratio were computed and Kaplan Meier curves were drawn for conversion to 

dementia according to quartiles of Aβ1-42/Aβ1-40 ratio and overall difference between the quartiles 

was calculated with Log rank test. General characteristics were also analyzed according to highest 

quartile of Aβ1-42/Aβ1-40 ratio vs. three lower quartiles. Relationship between conversion and plasma 

Aβ1-42/Aβ1-40 ratio was assessed with Cox regression models with conversion as dependent variables 

and being in the highest quartile of plasma Aβ1-42/Aβ1-40 ratio as independent variables adjusted for 

age, sex, education level, presence of APOE ε4-allele, MMSE score at baseline and hippocampus 

atrophy. The relationship was also analyzed with general logistic regression model. We also 

examined how plasma Aβ1-42/Aβ1-40 ratio improved dementia risk prediction of a models with age, 

sex, education level and APOE ε4 by calculating continuous net reclassification improvement (NRI) 

and integrated discrimination improvement (IDI) using bootstrap (IDI≈0.004 or NRI≈0.16: small 

improvement IDI≈0.024 and NRI≈0.40: moderate improvement IDI≈0.06 and NRI≈0.62: large 

improvement) [43]. 

A receiver operating characteristic (ROC) curves was performed to compare sensitivity and specificity 

of plasma Aβ1-42/Aβ1-40 ratio for predicting conversion to dementia. Area under curve (AUC) and 

confidence interval of 95% were estimated using bootstrap technique (1000 iterations).  

All analyses were done using R software (R Core Team (2019). R: A language and environment for 

statistical computing. R Foundation for Statistical Computing, Vienna, Austria). In all analyses, the 2 

sided α-level of 0.05 was used for significance testing. 
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Results 

Characteristics of the participants at baseline and within the follow-up 

At baseline, among the 485 participants with clinical MCI and plasma biomarkers available, mean age 

was 77.7 (5.5), 60.4% (n=293) were women and 48% (n=232) had at least high school diploma. On 

average MMSE score was 26.4 (2.5) and 39.6% (191) were APOE ε4 carriers. At baseline 77% (n=373) 

had amnestic form of MCI and 19% (n=91) had MCI due to AD with high likelihood according to the 

Albert’s diagnosis criteria because they had low Aβ level and neurodegenerative lesions of AD, and 

27% MCI with A+T+N+ and PLM scale 3. 

During the clinical follow-up period of 6-36 months, 30% (n=145) of the MCI participants developed 

dementia on average 15.0 (8.4) months after baseline visit and in 95% of the cases, they converted to 

probable AD.  

During the 3-year follow-up, 36.9% (n=179) of participants were lost to follow-up: 8.4 % (n=41) after 

the baseline visit, 5.8% (n=28) after the 6-month visit, 3.3% (n=16) after the 12-month visit, 3.3% 

(n=16) after the 18-month visit, 15.1% (n=73) after the 24-month visit, 1.0% (n=5) after the 30-month 

visit. Moreover, 15 participants died during the 3-year follow-up.  

The converters to dementia were at baseline older (78.6 (5.7) vs. 77.4 (5.4) years, P value=0.03), they 

scored poorer to cognitive testing with a lower MMSE score (25.6 (2.5) vs. 26.8 (2.5), P value<.0001), 

they had more frequently amnestic MCI (92.4% vs. 70.3%, P value<.0001) and they were more often 

APOE ε4 carriers (56.6% vs. 32.3%, P value<.0001) (table 1). Moreover, the converters had more 

frequently hippocampal atrophy (P value<.001) (table 1). All these results remained significant after 

adjustment for age, sex, educational level and the APOE ε4 status (table 1). These results remained 

the same for converters to probable dementia. 

Analysis of CSF biomarkers profile showed a typical AD profile in converters to dementia compare to 

non-converters with a lower Aβ1-42 level, higher Tau and p-Tau levels and a higher p-Tau/ Aβ1-42 ratio 

(P value<.0001 for all) (table 2). Only one (1.9%) MCI with low likelihood to be due to AD converted 

to AD.  

No significant differences in CSF sAPPα levels were observed between converters and non-converters 

(table 2).  

Conversion to dementia and plasma biomarkers 

Converters to dementia had a lower level of plasma Aβ1-42 at baseline than non-converters (37.1 

(12.5), vs. 39.2 (11.1) P value=0.03) and a lower Aβ1-42/Aβ1-40 ratio than non-converters (0.148 (0.125) 
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vs. 0.154 (0.076), P value=0.02) (table 2). No significant difference was observed for the plasma Aβ1-40 

or sAPPα concentrations.  

The relationship between conversion and plasma Aβ1-42/Aβ1-40 ratio was not linear: 18.2% (22/121) of 

participants converted to dementia in the highest quartile (plasma Aβ1-42/Aβ1-40 ≥ 0.169), 33.1% 

(40/121) in the third quartile (0.144 ≥ plasma Aβ1-42/Aβ1-40 > 0.169), 29.8% (36/121) in the 2nd quartile 

(0.119 ≥ plasma Aβ1-42/Aβ1-40 > 0. 144) and 38.5% (47/122) in the lowest quartile (plasma Aβ1-42/Aβ1-40 

≤ 0. 119) (table 2). Among the highest quartile, 22 (18.1%) converted to dementia while 123 (33.9%) 

converted to dementia in the three lower quartiles (P value=.001) (table 3). The Kaplan Meier curves 

also showed a significant lower risk of conversion in the highest quartile vs. the three lower quartiles 

(P value=0.002) (figure 1). Demographic, clinical and MRI characteristics of MCI participants in the 

highest quartile were not significantly different than those in the three lower quartiles except that 

they were less likely APOE ε4 allele carriers (table 3). In addition, in participants in the highest 

quartile of plasma Aβ1-42/Aβ1-40 ratio, the CSF biomarkers profile was quite normal with higher levels 

of Aβ1-42 (P value=0.01) and lower levels of Tau and p-Tau (P value=0.003 and P value=0.0009 

respectively) (table 3). Finally participants in the highest quartile had less frequently the high 

likelihood MCI profile (P value=0.005) (table 3).  

Even in participants in the PLM three strata (with pathological values in three CSF biomarkers at 

baseline), those in the highest quartile of plasma Aβ1-42/Aβ1-40 ratio (plasma Aβ1-42/Aβ1-40 > 0.169) 

(n=3) did not convert to dementia.  

In a multivariate Cox model with conversion status as dependent variable, being in the highest 

quartile was associated with a lower risk of conversion (HR = 0.52 (0.31-0.86), P value=0.01) with 

adjustment for age, sex, education level, APOE ε4 status, MMSE score at baseline and hippocampus 

atrophy (table 4). Similar result was obtained using logistic regression (HR = 0.45 (0.23-0.82), P 

value=0.01) (table 4) with the same adjustment. 

With a threshold of plasma Aβ1-42/Aβ1-40 ratio set at 0.169, the sensitivity of prediction of non-

conversion was 0.848 and specificity was 0.297. The AUC for plasma Aβ1-42/Aβ1-40 ratio was 0.587 

(95% CI 0.531-0.642). 

Improvement of conversion risk with plasma Aβ1-42/Aβ1-40 ratio  

Addition of plasma Aβ1-42/Aβ1-40 ratio (highest quartile vs. three lower quartiles) to a model including 

age, sex, education level and APOE ε4 status significantly improved the prediction of conversion to 

dementia of MCI participants (table 5). However the improvement of IDI for the highest quartile vs. 

the three lower quartiles of Aβ1-42/Aβ1-40 ratio was relatively small with an IDI of 0.018 (0.007; 0.030) 

(P value=0.0009), and the improvement of NRI was moderate with a NRI of 0.274 (0.122; 0.426) (P 

value=0.0004) (table 5).  
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Discussion 

In this large-scale multicenter longitudinal cohort of clinically defined MCI referred to memory center 

with repeated extensive neuropsychological testing and plasma, CSF and MRI biomarkers, MCI 

participants that convert to dementia had lower levels of plasma Aβ1-42, and Aβ1-42/Aβ1-40 ratio 

compared to non-converters independently of age, sex, education level and APOE ε4. More 

interestingly, the MCI participants among the highest quartile of the Aβ1-42/Aβ1-40 ratio (≥ 0.169) had 

a significant 48% reduction of risk to develop dementia and AD independently of age, sex, education 

level and APOE ε4, MMSE score at baseline and hippocampus atrophy. 

Interestingly, participants in the highest quartile of plasma Aβ1-42/Aβ1-40 ratio were not significantly 

different than those in the three lower quartiles in terms of demographic, clinical and 

neuropsychological characteristics except for APOE ε4 carriers, highlighting the potential interest of 

this plasmatic ratio in differentiating MCI converters from non-converters. 

Among the numerous heterogeneous cohort studies (including normal cognitive controls, subjective 

cognitive complaint), only a few of them evaluated plasma Aβ levels as biomarker of conversion to 

dementia in MCI population. One large MCI cohort (N= 588) already found that plasma Aβ1-42/Aβ1-40 

ratio was associated with conversion to AD after a follow-up of 4-6 years [44]. Another study focused 

only on amnesic MCI (42 stable aMCI and 37 aMCI-AD, mean 75 years old) and found a significant 

correlation between higher Aβ1-42 and Aβ1-40 levels and conversion to AD, but not for Aβ1-42/Aβ1-40 

ratio [45]. 

Conversely, in two independent Swedish cohorts (mean age 70 and 63y) plasma Aβ1-42, Aβ1-40 and 

Aβ1-42/Aβ1-40 ratio were not different between MCI participants that converted to AD and those that 

did not, over a follow-up of 4-7 years and 2-4 years respectively [29]. However, these 2 cohorts were 

of small size (n=117 and 110) and had relatively low conversion rates. In addition the mean levels of 

Aβ1-42/Aβ1-40 ratio were high among MCI participants (0.15 in cohort A; and 0.20 in cohort B) 

comparable to our highest quartile threshold (0.169 with the same method used) suggesting that 

there might have been a recruitment bias in favor of MCI subjects with high Aβ1-42/Aβ1-40 ratio and 

low conversion rate. All together this could explain the lack of association. Another study including a 

small number of older MCI subjects (9 stable MCI and 33 MCI-dementia, mean age 80y) with a mean 

follow-up of 4.5 years, did not find any relationship between plasma Aβ1-42, Aβ1-40 and Aβ1-42/Aβ1-40 

ratio and conversion [46]. In the GEMS cohort [27] including normal controls and MCI, low plasma 

Aβ1-42 and low Aβ1-42/Aβ1-40 ratio, were associated with dementia risk over 8.5 years of follow-up only 

in normal control participants, but not in MCI participants.  

All these inconsistent results may be related to the heterogeneity of MCI population and to the fact 

that these studies used different techniques for plasma Aβ measurements (Luminex technology, 
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different commercial ELISA kits or home-made ELISA) although in BALTAZAR study, all measurements 

were processed with the same protocol in a unique centralized laboratory. 

Meanwhile, even if our results are consistent with most of the studies showing a relationship 

between Aβ1-42 and risk of dementia, the difference between levels of MCI converters and non-

converters is not large enough to be used alone as a good predictor of dementia or AD risk. However 

in the current study, MCI participants in the highest quartile of the Aβ1-42/Aβ1-40 ratio had a 48%-

reduction of risk to develop dementia and AD and only three MCI participants (6%) were A+T+N+ 

while 38% were A-T-N-. In a large MCI cohort (N=643) [47], plasma Aβ1-42/Aβ1-40 ratio above 0.180 

was associated with low risk of AD, through an AD surrogate phenotype defined by CSF p-Tau > 70 

pg/mL. This threshold can be compared with our highest quartiles of plasma Aβ1-42/Aβ1-40 ratio (> 

0.169). In our study the three lower quartiles had the same risk of conversion in our study. Moreover, 

among the highest quartile, the three MCI with A+T+N+ did not convert to AD during the follow-up. 

In clinical practice, a plasma Aβ ratio above 0.169 could identify with a good sensitivity MCI with low 

risk of conversion. However the low specificity and moderate NRI preclude its use as diagnostic tool. 

It could however be used as a non-invasive first step screening tool in protocols requiring MCI 

patients with CSF AD phenotype and rapid conversion to AD or to exclude patients with weak 

probability to decline during the clinical trials.  

Addition of plasma Aβ1-42/Aβ1-40 ratio to a logistic model including age, sex, education level and 

presence of APOE ε4 allele improved moderately the prediction of conversion of MCI participants 

probably due to the importance of the effect of APOE ε4 allele that is associated with greater 

amyloid brain load [48]. Although, there was a difference in Aβ levels in MCI that converted to 

dementia and AD, the difference is not sufficient to be used as diagnostic tool in clinical practice. 

To explain that the three lower quartiles had equivalent risk to convert to dementia and significantly 

higher than the highest quartile, one could hypothesized that, compared to other population-based 

cohorts like the Rotterdam study, AIBL or BioFinder cohorts, the MCI subgroup of the BALTAZAR 

study was more homogeneous with only patients with cognitive impairment. Therefore a large 

proportion of them were probably already engaged in the AD pathology as suggested by the high 

level of conversion to dementia (30%) over the 3-year follow-up.  

The strength of our study lies in the large number of well-characterized MCI participants with 

repeated extensive standardized cognitive tests. All the biochemical analyses were centralized in a 

single laboratory, eliminating inter-center variability. To limit measurement bias, the same pre-

analytical protocol was followed throughout the study, with shipment to all centers of the same 

collection tubes. All measurements were processed blind to the participants’ diagnosis, MRI and CSF 

results. The same lot was used for measurement of plasma Aβ levels at inclusion. We used the 
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commercially available Luminex technology that has good analytical performances and is already 

used in routine [49]. In addition, the brain MRI was analyzed in a single dedicated expert center [42]. 

All conversions were adjudicated blind to the CSF and plasma biomarker results. In our study, the 

percentage of conversion was in line with already published studies [50].  

The present study has some limitations. Diagnosis of AD was only based on clinical and brain MRI 

information and not on PIB-PET or on pathological confirmation. Results of CSF biomarkers were not 

taken into consideration for the AD diagnosis to avoid a circular analysis because of the correlation 

between CSF and plasma biomarkers. In order to increase the likelihood of conversion to AD we 

exclude participants with Lewy Body, Parkinson, frontotemporal or vascular MCI disorders. Therefore 

77% of subjects had amnestic form of MCI and only 5% of participants converted to a non-

Alzheimer’s disease. Finally, a large proportion of subject had at least high school diploma, as often 

observed in such longitudinal, and so the result might not be totally representative a general 

population. 

 

Conclusion 

Our results show the relevance of plasma Aβ1-42/Aβ1-40 ratio to identify MCI patients at low risk of 

conversion to dementia. Using the threshold of 0.169 for the plasma Aβ1-42/Aβ1-40 ratio, it is possible 

to determine MCI patients with 48 % less risk to AD conversion, with a good sensitivity. This ratio 

could be used in clinical practice or in clinical trials to exclude MCI participants that will remain stable 

over 3 years. Future studies are warranted to validate these promising results. 
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Table 1. Characteristics in the whole MCI population and between MCI that converted or not to 

dementia within 3 years. 

General characteristics, % (N) 
MCI sample 

Conversion to 
dementia 

P value* P value† 

Yes No 
  N=485 N=145 N=340 

Age (years), M(SD) 77.7 (5.5) 78.6 (5.7) 77.4 (5.4) 0.03 0.002 
Woman  60.4 (293) 60.7 (88) 60.3 (205) 0.99 0.97 
Education level  

 
 

   
   Primary 15.7 (76) 15.9 (23) 15.6 (53) 

0.99 0.97    Secondary 36.4 (176) 36.6 (53) 36.3 (123) 
   High school diploma or above 47.9 (232) 47.6 (69) 48.1 (163) 
Tobacco 

 
 

   
   Current 7.4 (34) 5.8 (8) 8.12 (26) 

  
   Former 60.6 (277) 62.0 (85) 60.0 (192) 0.69 0.87 
   Never 31.9 (146) 32.1 (44) 31.9 (102) 

  
BMI, M(SD)  25.0 (3.8) 24.8 (3.8) 25.1 (3.8) 0.37 0.94 

Comorbidity  
 

 
      Hypertension 71.8 (346) 75.0 (108) 70.4 (238) 0.36 0.25 

   Mellitus Diabetes 15.0 (68) 12.4 (17) 16.2 (51) 0.37 0.44 
   Dyslipidemia 38.4 (184) 34.0 (49) 40.3 (135) 0.23 0.13 
   History of stroke or TIA 6.8 (33) 6.2 (9) 7.1 (24) 0.85 0.83 
   History of depression 24.6 (118) 20.3 (29) 26.5 (89) 0.18 0.28 

Global cognitive assessment, M(SD)  
 

 
      MMSE (/30) 26.4 (2.5) 25.6 (2.5) 26.8 (2.5) <.0001 0.0001 

   ADL score (/6) 5.8 (0.38) 5.9 (0.32) 5.8 (0.40) 0.45 0.46 
   IADL score (/14) 12.8 (1.9) 12.6 (1.9) 12.9 (1.9) 0.20 0.42 
   GDS (/30) 8.0 (5.17) 7.9 (5.06) 8.1 (5.22) 0.65 0.99 
Amnestic MCI  76.9 (373) 92.4 (134) 70.3 (239) <.0001 <.0001 

APOE ε4 carrier, %(N) 39.6 (191) 56.6 (82) 32.3 (109) <.0001 <.0001 

Hippocampal atrophy (Scheltens scale)     
   None (0 or 1 on both sides) 43.8 (172) 26.9 (32) 51.1 (140)   
   Moderate (none of the others) 28.2 (111) 28.6 (34) 28.1 (77) <.0001 <.0001 
   Severe (3 or 4 on at least 1 side) 28.0 (110) 44.5 (53) 20.8 (57)   

*, p-values from parametric tests (ANOVA or χ2) 

†, p-values from multinomial logistic regression adjusted for age, sex, education level, and APOE ε4 

Abbreviations: MCI, mild cognitive impairment; TIA, transient ischemic attack; BMI, body mass index 

in kg/m2; MMSE, mini mental state examination; ADL, activities of daily living; IADL, instrumental 

activities of daily living; GDS, geriatric depression scale   
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Table 2. Plasma and CSF biomarkers in the whole MCI population and between MCI that converted or 

not to dementia within 3 years. 

Biomarkers M (SD) MCI sample 
Conversion to dementia P value* P value† 

Yes No 
  

Plasma/serum biomarkers N=485 N=145 N=340     
   Aβ1-42  (pg/mL) 38.5 (11.6) 37.1 (12.5) 39.2 (11.1) 0.03 0.04 
   Aβ1-40  (pg/mL) 270 (65) 275 (73) 268 (61) 0.71 0.80 
   sAPPα (ng/mL) 466 (170) 458 (149) 470 (179) 0.76 0.82 
   Aβ1-42/Aβ1-40 ratio  0.153 (0.094) 0.148 (0.125) 0.154 (0.076) 0.02 0.04 
   Aβ1-42/Aβ1-40 ratio quartiles, %(N)  

   
      Q1 [0.033;0.119] 25.2 (122) 32.4 (47) 22.1 (75) 

0.005 0.02 
      Q2 (0.119;0.144] 24.9 (121) 24.8 (36) 25.0 (85) 
      Q3 (0.144;0.169] 24.9 (121) 27.6 (40) 23.8 (81) 
      Q4 (0.169;1.5] 24.9 (121) 15.2 (22) 29.1 (99) 

CSF biomarkers N=228 N=50 N=178 
     Aβ1-42 (pg/mL) 906 (391) 716 (290) 999 (402) <.0001 <.0001 

   Tau (pg/mL) 433 (213) 546 (222) 381 (188) <.0001 <.0001 
   p-Tau (pg/mL) 65.8 (29.3) 80.0 (33.5) 58.8 (24.2) <.0001 <.0001 
   sAPPα (ng/mL) 623 (219) 637 (207) 617 (225) 0.29 0.30 
   Aβ1-42/p-Tau ratio 16.9 (10.5) 10.9 (6.8) 19.9 (10.7) <.0001 <.0001 

   PLM scale, %(N) 
 

 
        0 31.6 (72) 11.1 (8) 41.0 (64) 

<.0001 <.0001 
     1 30.3 (69) 26.4 (19) 32.1 (50) 
     2 10.5 (24) 11.1 (8) 10.3 (16) 
     3 27.6 (63) 51.4 (37) 16.7 (26) 
   PLM scale 3, %(N) 27.6 (63) 51.4 (37) 16.7 (26) <.0001 <.0001 
   MCI classification       
     Core clinical 57.3 (278) 44.1 (64) 62.9 (214) 

<.0001 <.0001 
     High likelihood 18.8 (91) 34.5 (50) 12.1 (41) 
     Intermediate likelihood 12.8 (62) 20.7 (30) 9.4 (32) 
     Low likelihood 11.1 (54) 0.6 (1) 15.6 (53) 

*, p-values from parametric tests (ANOVA or χ2) 

†, p-values from multinomial logistic regression adjusted for age, sex, education level, and APOE ε4 

Abbreviations: MCI, mild cognitive impairment; CSF, cerebrospinal fluid; The PLM scale counts the 

number of altered biomarkers (Aβ1-42, Tau, p-Tau): PLM0 corresponds to A-T-N-; PLM1 and PLM2 

indicate the presence of 1 or 2 positive biomarkers respectively, whatever the biomarker; PLM3 

corresponds to A+T+N+ 
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Table 3. Characteristics and plasma and CSF biomarkers in MCI participants in the highest quartile vs. 

3 lower quartiles of Aβ1-42/Aβ1-40 ratio. 

Characteristics, % (N) 
Aβ1-42/Aβ1-40 ratio 

P value* P value† Highest quartile 3 lower quartiles 
N=122 N=363 

Age (years), M (SD) 78.3 (5.4) 77.5 (5.5) 0.16 0.37 
Woman  63.1 (77) 59.5 (216) 0.55 0.75 

Education level  
       Primary 15.6 (19) 15.7 (57) 

0.14 0.15    Secondary 43.4 (53) 34.0 (123) 
   High school diploma or above 41.0 (50) 50.3 (182) 
Tobacco  

       Current 5.26 (6) 8.16 (28) 
0.57 0.54    Former 63.2 (72) 59.8 (205) 

   Never 31.6 (36) 32.1 (110) 
BMI, M (SD) 25.2 (3.7) 25.0 (3.8) 0.67 0.79 

Conversion MCI to dementia 18.0 (22) 33.9 (123) 0.001 0.002 

Comorbidity  21.7 (26) 30.4 (110) 
     Hypertension 78.3 (94) 69.6 (252) 0.08 0.13 

   Mellitus Diabetes 17.1 (18) 14.4 (50) 0.6 0.43 
   Dyslipidemia 37.7 (46) 38.7 (138) 0.94 0.97 
   History of stroke or TIA 4.92 (6) 7.54 (27) 0.43 0.26 
   History of depression 21.3 (26) 25.8 (92) 0.39 0.28 
Global cognitive assessment, M (SD) 

       MMSE (/30) 26.5 (2.9) 26.4 (2.4) 0.53 0.53 
   ADL score (/6) 5.90 (0.27) 5.88 (0.41) 0.57 0.42 
   IADL score (/14) 12.8 (1.6) 12.8 (2.0) 0.72 0.63 
   GDS (/30) 8.65 (5.39) 7.89 (5.09) 0.18 0.31 
Amnestic MCI  73.0 (89) 78.2 (284) 0.28 0.38 

APOE ε4 carrier 29.2 (35) 43.1 (156) 0.009 0.01 

Hippocampal atrophy (Scheltens scale) 
      None (0 or 1 on both sides) 44.3 (43) 43.6 (129) 

  
   Moderate (none of the others) 27.8 (27) 28.4 (84) 0.99 0.91 
   Severe (3 or 4 on at least 1 side) 27.8 (27) 28.0 (83) 

  
Plasma/serum biomarkers, M (SD) 

       Aβ1-42  (pg/mL) 46.2 (11.3) 36.0 (10.5) <.0001 <.0001 
   Aβ1-40  (pg/mL) 236 (73) 282 (58) <.0001 <.0001 
   sAPPα (ng/mL) 490 (185) 459 (165) 0.1 0.12 
CSF biomarkers, M (SD) N=50 N=178 

     Aβ1-42 (pg/mL) 1025 (403) 873 (383) 0.01 0.04 
   Tau (pg/mL) 353 (152) 455 (223) 0.003 0.006 
   p-Tau (pg/mL) 53.7 (16.0) 69.1 (31.2) 0.0009 0.002 
   sAPPα (ng/mL) 580 (205) 635 (222) 0.15 0.11 
   Aβ1-42/p-Tau ratio 20.7 (9.9) 15.9 (10.4) 0.004 0.008 
   PLM scale 

    
     0 38.0 (19) 29.8 (53) 

0.001 0.0006 
     1 40.0 (20) 27.5 (49) 
     2 16.0 (8) 8.99 (16) 
     3 6.00 (3) 33.7 (60) 
   PLM scale 3 6.00 (3) 33.7 (60) 0.0002 <.0001 
   MCI classification  

    
     Core clinical 68.0 (83) 53.7 (195) 

0.005 0.006 
     High likelihood 8.2 (10) 22.3 (81) 
     Intermediate likelihood 13.1 (16) 12.7 (46) 
     Low likelihood 10.7 (13) 11.3 (41) 

*, p-values from parametric tests (ANOVA or χ2) 

†, p-values from multinomial logistic regression adjusted for age, sex, education level, and APOE ε4 

Abbreviations: MCI, mild cognitive impairment; TIA, transient ischemic attack; BMI, body mass index 

in kg/m2; MMSE, mini mental state examination; ADL, activities of daily living; IADL, instrumental 
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activities of daily living; GDS, geriatric depression scale; CSF, cerebrospinal fluid; The PLM scale 

counts the number of altered biomarkers (Aβ1-42, Tau, p-Tau): PLM0 corresponds to A-T-N-; PLM1 and 

PLM2 indicate the presence of 1 or 2 positive biomarkers respectively, whatever the biomarker; 

PLM3 corresponds to A+T+N+.  
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Table 4. Multivariate analysis of conversion and Aβ1-42/Aβ1-40 ratio with Cox and logistic models 

  Cox model Logistic model 

  HR (95% CI) P value OR (95% CI) P value 

Aβ1-42/Aβ1-40 ratio Q4 vs. Q123 0.52 (0.31-0.86) 0.01 0.45 (0.23-0.82) 0.01 

Age 1.03 (1.00-1.07) 0.06 1.04 (0.99-1.09) 0.10 

Women 1.37 (0.92-2.04) 0.12 1.50 (0.90-2.53) 0.12 

Education (primary as reference class) 
   

   Secondary 0.94 (0.53-1.65) 0.83 1.27 (0.62-2.66) 0.62 

   High school diploma and above 0.97 (0.55-1.73) 0.92 1.20 (0.59-2.54) 0.52 

APOE ε4 carriers 1.98 (1.36-2.89) 0.0004 2.59 (1.58-4.29) 0.0002 

MMSE at baseline 0.87 (0.81-0.93) <.0001 0.87 (0.79-0.96) 0.006 

Hippocampus atrophy (Scheltens scale)    

Moderate atrophy 1.59 (0.97-2.62) 0.07 1.78 (0.97-3.27) 0.06 

Severe atrophy 3.04 (1.89-4.91) <.0001 4.07 (2.22-7.59) <.0001 

Abbreviations: HR, hazard ratio; OR, odds ratio; Q, quartile; Aβ, amyloid β; MMSE, mini mental state 

evaluation; APOE, apolipoprotein epsilon. 
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Table 5. Improvement of MCI conversion to dementia risk with Aβ1-42 /Aβ1-40 ratio 

  Aβ1-42 /Aβ1-40 ratio Aβ1-42 /Aβ1-40 ratio 

  Continuous  Higher quartile vs. 3 lower quartiles 

IDI [95% CI] 0.0004 (-0.001; 0.002), P value =0.56 0.018 (0.007; 0.030), P value =0.0009 

NRI [95% CI] 0.221 (0.033; 0.409), P value =0.02 0.274 (0.122; 0.426), P value =0.0004 

Abbreviations: Aβ, amyloid β; IDI, integrated discrimination improvement; NRI, net reclassification 

improvement.  
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Figure 1. Kaplan Meier curve of conversion to dementia according to the quartiles of plasma Aβ1-

42/Aβ1-40 ratio 

 

Abbreviations: MCI, mild cognitive impairment; Aβ, amyloid β;  
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