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It is widely agreed that, since cerebrospinal fluid (CSF) is in direct contact with the central nervous system (CNS), 

analytes measured in this body fluid can be considered as a good biomarker for a disease like Alzheimer’s disease 
(AD), if well analysed and accepted parameters are used. Biomarkers that come closest to fulfilling these criteria 

are amyloid β peptides (Aβ peptides) and Tau proteins. This can easily be explained by the involvement of these 

proteins in pathologic events directly associated with the disease, namely deposition of senile plaques and 

formation of neurofibrillary tangles. Involvement of these proteins in disease development is known and has 

been investigated intensively for many years. However, there is no single marker that can differentiate AD from 

other neurodegenerative disorders or predict the risk of progression to AD.  In this guidance paper we would like 

to summarize some facts about the use of CSF amyloid β peptides ending at positions 42 and 40 (Aβ1-42 and 

Aβ1-40, respectively) in combination as Aβ1-42/Aβ1-40 ratio and demonstrate that 

a) it is significantly better than CSF Aβ1-42 alone to detect brain amyloid deposition in AD 

b) it can help in differentiating AD dementia from non-AD dementias 

c) it reduces variability due to preanalytical differences. 

 

 

1 Use of the Aβ1-42/Aβ1-40 ratio to 

improve accuracy of AD diagnosis 
 

1.1 CSF Aβ1-42/Aβ1-40 ratio as a tool for 

detecting amyloid deposit 
 

 

In a population of normal subjects and AD patients, 

the distribution of total Aβ (40 and 42) follows a 

Gaussian distribution for both normal subjects and 

AD patients, with Aβ1-40 making up about 70% of 

total Aβ load [22]. Although many cases fall within 

+/- 2SD of the Gaussian distribution with the 

majority having normal total Aβ, outliers are still 

present. Some AD patients will have high total Aβ 

and some will have low total Aβ. This is also true for 

the normal subjects. 

This means that AD patients with a high total Aβ will 

be diagnosed as false negative and vice versa, 

normal subjects with low total Aβ will be diagnosed 

as false positive for AD, if only Aβ1-42 is used. 

In all three cases (normal, low, and high total Aβ) the 
ratio can correctly diagnose for AD in more cases 

than Aβ1-42 alone. 

CSF concentrations of Aβ1-42 and Aβ1-40, 

respectively, and total Tau (tTau) protein were 

measured by ELISA to compare their accuracy in 

discriminating patients with clinically diagnosed 

AD, non-AD, and control subjects. For all groups, the 

Aβ1-42/Aβ1-40 ratio classified more patients 

correctly, as compared to the concentration of Aβ1-

The distribution of total Aβ (40 and 42) follows 

a Gaussian distribution for both normal 

subjects and AD patients. 

Use of the Aβ1-42/1-40 ratio can lead to more 

correctly diagnosed AD independently of high 

or low levels of total Aβ load in the patient. 
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42 alone: AD versus controls, 94 and 86.7%; AD 

versus non-AD, 90 and 85% and AD versus non-AD 

plus controls, 90.8 and 87%, respectively. The 

percentage of correctly classified patients was 

further improved when the Aβ ratio was combined 
with the analysis of tTau [9]. 

Wiltfang et al. concluded that the amyloid β 
concentration ratio should replace the ‘raw’ 
concentrations of corresponding Aβ peptides to 
improve reliability of the neurochemical dementia 

diagnosis. A proof-of-principle study was carried out 

in 2007, which showed the correlation with tTau and 

pTau [22]. 

More recently, several studies demonstrated added 

value for CSF Aβ1-40 or CSF Aβ1-42/Aβ1-40 ratio for 

differential diagnosis of AD using CSF pTau levels or 

in ambiguous AD CSF biomarker profiles [3]. 

These and many other results show that the 

diagnostic accuracy of decision trees that contain the 

Aβ1-42/1-40 ratio are significantly better than the 

diagnostic accuracy of the decision tree without Aβ1-

40 or the Aβ1-42/1-40 ratio. This was shown also in 

the study by Slaets et al. in 2013 comparing the use 

of different biomarkers for the diagnosis of AD. In 

this study, the CSF Aβ1-42/1-40 ratio has been added 

to the existing panel of biomarkers, Aβ1-42, tTau, 

and pTau and was compared to the panel without 

the ratio [18]. 

 

 

1.2 Association between CSF Aβ1-

42/Aβ1-40 ratio and amyloid PET 

 

 

Most studies have found a strong association 

between CSF Aβ1-42 and amyloid PET 

measurements. However, in these studies, 10–20% 

of healthy individuals and MCI patients show a 

mismatch in CSF Aβ1-42 and amyloid PET status 

(Palmqvist et al. 2014) [13]. A study published by 

Janelidze et al. in 2016 could demonstrate that the 

CSF Aβ1-42/Aβ1-40 (and Aβ1-42/Aβ1-38) ratio 

better predict abnormal cortical amyloid deposition 

(visualized with PET) compared to Aβ1-42 alone. The 

ratios increased the classification performance both 

for people who were falsely classified as positive (by 

low CSF Aβ1-42) and for people who were falsely 

classified as negative (by high CSF Aβ1-42). 

Janelidze et al. show that in patients with mild 

cognitive complaints, low CSF Aβ1-42, Aβ1-40, and 

Aβ38 are linked to subcortical injury. Underlying 
mechanisms are regarded to likely be related to 

dysregulation in APP pathways with a general decline 

in the production of Aβ. However, in accordance 

with earlier investigations, they found that low CSF 

levels of Aβ1-42, but not Aβ1-40 and Aβ38, were 
associated with more AD-specific 

neurodegeneration (i.e., hippocampal atrophy).  

Pannee et al. demonstrated in 2016 that comparing 

CSF Aβ1-42 concentrations with 18F-flutemetamol 

PET showed high concordance with an area under 

the receiver operating characteristic curve of 0.85 

and a sensitivity and specificity of 82% and 81%, 

respectively. The ratio of Aβ1-42/Aβ1-40 or Aβ1-

42/Aβ1-38 significantly improved concordance with 

an area under the receiver operating characteristic 

curve of 0.95 and a sensitivity and specificity of 96% 

and 91%, respectively. These results show that the 

CSF Aβ1-42/Aβ1-40 and Aβ1-42/Aβ1-38ratios using 

the described MS method are strongly associated 

with cortical Aβ fibrils measured by 18F-

flutemetamol PET. [12] 

In addition, it has been shown that the Aβ1-42/Aβ1-

40 ratio reflects an altered Ab kinetics and that this 

allows an AD diagnosis before PET amyloid 

deposition is detectable (Patterson et al. 2015) [14]. 

Altogether, these results indicate that an isolated 

drop in CSF Aβ1-42 is more specific for AD-type 

pathology, whereas lower CSF levels of all three Aβ 
isoforms might be associated with subcortical 

damage in general. This assumption fits their finding 

that reduced levels of all three Aβ species can be 

A significant number of samples shows a 

mismatch between CSF Aβ1-42 and amyloid 

PET. 

Use of the Aβ1-42/Aβ1-40 ratio can increase 

the agreement both for people who are 

classified as positive (by low CSF Aβ1-42) and 

for people who are classified as negative (by 

high CSF Aβ1-42) but do not show the same 

classification in PET. 
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found in Parkinson Dementia/Dementia with 

Lewibodies and Vascular Dementia, so in several 

disorders that are accompanied by subcortical 

changes [6]. 

 

2 Aβ1-42/Aβ1-40 ratio for 

interpretation of discordant results 
 

 

By use of the Aβ1-42/Aβ1-40 ratio, discordant results 

(i.e. when amyloid and tau biomarkers are not 

concordant) can be improved. However, while the 

level of evidence of AD pathophysiological process or 

of dementia can be increased, the addition of Aβ1-

40 peptide concentration and Aβ1-42/Aβ1-40 ratio 

does not change the conclusion when Aβ1-42 and 

pTau are concordant [17]. 

 

In a study from 2014, it was shown that the inclusion 

of Aβ1-42/Aβ1-40 ratio in the diagnostic criteria 

increased the level of evidence of AD 

pathophysiological process or dementia unlikely due 

to AD. Lumbar punctures (n = 386) were analysed in 

the lab within 2 years. One-third of the biological 

profiles of patients with atypical dementia were 

ambiguous. The addition of the Aβ1-42/Aβ1-40 ratio 

increased the proportion of interpretable biological 

profiles from 69% to 87%, without changing the 

conclusion when Aβ1-42 and pTau were concordant 

[17]. 

 

 

 

 

 

 

They generated a decision tree, taking into account 

the levels of Aβ1-42 and pTau as well as the Aβ1-

42/Aβ1-40 ratio (Figure 1). 

 

In 2015, it was demonstrated in a study with 367 

subjects with cognitive disorders that the 

assessment of Aβ1-42/Aβ1-40 ratio in patients with 

a discrepancy between CSF pTau and CSF Aβ1-42 led 

to a reliable biological conclusion in over 50% of 

cases that agreed with a clinician’s diagnosis. In this 
study 22% of the patients had indeterminate CSF 

profiles (i.e. when amyloid and tau biomarkers are 

not concordant). The systematic use of Aβ1-42/Aβ1-

40 ratio instead of Aβ1-42 levels alone decreased the 

number of indeterminate profiles (17%; P = 0.03), 

but it failed to improve the classification of subjects 

(net reclassification improvement [NRI] = −2.1%; P = 
0.64). In contrast, the use of Aβ1-42/Aβ1-40 ratio 

instead of Aβ1-42 levels alone in patients with a 

discrepancy between pTau and Aβ1-42 led to a 

reduction by half of the number of indeterminate 

profiles (10%; P < 0.001) and was further in 

agreement with clinician diagnosis (NRI = 10.5%; P = 

0.003) [5]. 

 

 

Please see details on page 4, figure 1. 

 

 

Ambiguous results are often improved when 

the Aβ1-42/Aβ1-40 ratio is included. 

However, addition of the Aβ1-40 peptide 

concentration and the Aβ1-42/Aβ1-40 ratio 

does not change the conclusion when Aβ1-42 

and pTau are concordant. 

The level of evidence of AD pathophysiological 

process or of dementia unrelated to AD can be 

increased by use of the Aβ1-42/Aβ1-40 ratio. 
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Figure 1: Modified from Sauvee et al. JAD 2014 
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3 Improvement of AD risk scores by 

use of the Aβ1-42/Aβ1-40 ratio 
 

3.1 Erlangen Score 

 

 

The Erlangen score uses a risk graph approach. A 

comparison of the Erlangen score obtained with 

three (use of only tTau, pTau, and Aβ1-42) and with 

four biomarkers (use of tTau, pTau, Aβ1-42, and 

Aβ1-42/40 ratio) as done in the Erlangen score 

validation study [11] clearly shows that the results 

based on four biomarkers correlate better with the 

percent of the subjects progressing to AD dementia 

than the scores calculated with three biomarkers 

only (compare the light grey versus dark grey bars 

in fig. 2). 

Not including the Aβ1-42/40 ratio leads to a 

counterintuitive result that the proportion of the 

subjects progressing to AD dementia is larger in the 

group with a lower score. This might be cautiously 

considered as another argument favouring the 

“four-biomarkers” approach, which is also in 

agreement with other studies confirming better 

diagnostic performance of the Aβ1-42/1-40 ratio 

compared to the Aβ1-42 concentration alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 From: Lewczuk et al. Journal of Alzheimer's 

Disease 2015: Percentage of the DCN subjects in the MCI 

stage progressing to AF in the follow-up time (1-4 years). 

Light grey bars indicate the results when only three 

biomarkers (Aβ1-42, tTau and pTau181) were 

considered; dark-grey bars indicate the results when four 

biomarkers (Aβ1-42, Aβ42/40 ratio, tTau, and pTau181) 
were considered. In brackets, the total number of 

patients with a given score is presented in the four-

biomarker model. 

 

 

3.2 PLM Scale / PLMR scale 

 

The PLM Scale uses the results of the three AD 

biomarkers Aβ1-42, tTau and pTau [7]. Recently, 

Lehmann et al. published an optimized PLMR score, 

that integrates the CSF Aβ1-42/Aβ1-40 ratio instead 

of the Aβ1-42 value alone. In a study with two 

independent cohorts it could be demonstrated that 

this PLMR scale could better define AD patients in a 

clinical routine in a memory centre. The number of 

discordant biomarker profiles have been significantly 

reduced by integrating the Aβ1-42/Aβ1-40 ratio into 

the PLM scale. 

Including the Aβ1-42/Aβ1-40 ratio into this tool helps 

especially in reducing the discrepancies in biologically 

doubtful cases and can therefore increase the 

confidence in the diagnosis [8]. 

Non-pathologic biomarkers in PLM scale are defined 

as below cut-off for Aβ1-42, above cut off for tTau 

and pTau. 

Risk scores or algorithms (like Erlangen score 

or PLM score) are improved by implementing 

the Aβ1-42/Aβ1-40 ratio into the respective 

algorithm. 

Use of the Aβ1-42/Aβ1-40 ratio especially 

reduces discrepancies in biologically doubtful 

cases and can therefore increase the 

confidence in the diagnosis. 
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Non-pathologic biomarkers for PLMR scale are 

defined as below cut-off for Aβ1-42/Aβ1-40 ratio, 

above cut off for tTau and pTau. 

 

 

 

 

Figure 3 Adapted from: Lehmann et al. Frontiers in Aging Neuroscience 2018 PLM scale and PLMR scale group 

distributions in one of the two tested cohort (AD and NAD subjects): Scale 0: No pathologic biomarker (predictive value 

for AD 9.6%), Scale 1: 1 pathologic biomarker out of three (predictive value for AD 24.7%), Scale 2: 2 pathologic 

biomarkers out of three (predictive value 77.2%), Scale 3: All 3 biomarkers are pathologic (predictive value 94.2%) 

 

 

4 Aβ1-42/Aβ1-40 ratio to decrease 

preanalytical variability 
 

 

One cause of discordant results can be the 

preanalytical conditions, e.g. when laboratories use 

tubes that bind certain proteins. Aβ1-42 adsorption is 

a relevant preanalytical factor in laboratory practice 

of CSF biomarker testing. Adsorption in 

polypropylene sample tubes has been shown to be 

specific for amyloid peptides and does not affect tTau 

and pTau. According to the study by Willemse et al. 

(2018), on average 5% of Aβ1-42 in CSF gets lost 

because of adsorption with every tube transfer. In 

smaller aliquot volumes, the adsorption can increase 

up to 10% and approximately half of the Aβ1-42 loss 

during a transfer occurs in the pipette tip. Use of the 

ratio Aβ1–42/Aβ1–40 partly eliminates the 

adsorption effect [21; 19]. 

The fact that this is not a new finding is underlined by 

a study with different collection tubes (polycarbonate, 

modified polystyrene, polystyrene, and 

polypropylene) done already in 2006, that showed 

that Aβ peptides and some tTau, but not pTau 

Aβ1-42 adsorption to plastic is a relevant 

preanalytical factor in laboratory practice. 

Adsorption to plastic seems to affect different 

Aβ isoforms in a similar manner, so the Aβ1-

42/Aβ1-40 ratio compensates for this 

preanalytical source of error. 
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adsorbs to plastic surfaces. Adsorption to plastic 

seems to affect different Aβ isoforms in a similar 
manner, so the Aβ1-42/Aβ1-40 ratio partially 

compensates for this preanalytical error. This is also 

seen in routine clinical analysis of samples [10]. 

 

 

5 How to work with Aβ1-42/Aβ1-

40 ratio 
 

5.1 Setting a threshold for CSF Aβ1-42/ 

Aβ1-40 ratio 

 

 

Depending on which assays are used, there is no 

uniform ratio, but a different Aβ1-42/Aβ1-40 ratio for 

each assay combination of Aβ1-42 and Aβ1-40. 

Whereas for Aβ1-42 a standardized reference 

method and standardized reference material is 

already available, and with that a big step towards a 

uniform cut-off value has been achieved, the work for 

a standardised reference method and material for 

Aβ1-40 is still ongoing. 

Aβ1-40 is the most abundant amyloid peptide in CSF, 

while Aβ1-42 accounts for only about 10% of the total 

Aβ peptide population. Total Aβ concentration was 
found not to vary significantly between various 

dementia disorders, and Aβ1-40 concentration did 

not differ between AD (or presymptomatic AD) 

patients, healthy controls, and non-AD dementia 

patients. CSF Aβ1-40 concentration could, therefore, 

be considered to most closely reflect total Aβ load in 
the brain. Previous studies showed that the Aβ1-

42/Aβ1-40 ratio in CSF is reduced in AD patients, and 

its assessment improves AD diagnostic accuracy.  

However, the Aβ1-42 and Aβ1-40 values used for the 

Aβ1-42/Aβ1-40 ratio should preferably be analysed 

during the same run in order to to minimize run 

effects and to perform analyses with the same 

preanalytical conditions. As can be seen from internal 

quality control (IQC) measurements, when the Aβ1-

42 and Aβ1-40 values were run in the same run, the 

CV was around 5% lower as for both parameters run 

in different runs (oral communication Sylvain 

Lehmann 2017). The Aβ1-42/Aβ1-40 ratio can 

strongly be influenced by the use of different systems 

or methods. Therefore, it is always important to 

establish a good cut-off specific to the combination 

used. Cut-offs may vary between different 

combinations of assays. 

Reasonable agreement has also been reported 

regarding the cut-off value for the CSF Aβ1-42/1-40 

ratio, ranging between 0.05 and 0.082 [1] for 

distinguishing AD from controls depending on the 

assay used. When using the same (INNOTEST) assay, 

the multicentre study by Dumurgier et al. showed 

that the mean Aβ1-42/1-40 ratio was comparable 

across centres, despite the significant inter-centre 

differences in reported CSF Aβ1-40 and Aβ1-42 levels. 

Therefore, this ratio seems to be less sensitive to 

preanalytical and analytical sources of variability both 

intra-laboratories and inter-laboratories [5]. 

 

 

5.2 Pathophysiologic role of Aβ1-40 

peptide in the brain 

 

 

At this point, it is also relevant to consider the role of 

Aβ1-40 in the pathophysiological processes in the 

brain during development of AD. 

Most subjects diagnosed with AD (85-95% of cases) 

have some degree of cerebrovascular lesions and/or 

capillary cerebral amyloid angiopathy (CAA). There is 

CSF Aβ1-40 concentration is considered to 

most closely reflect total Aβ load in the brain. 

Cut-off value for the CSF Aβ1-42/Aβ1-40 ratio 

for differentiation between AD and controls 

depend on the assays used or the assay 

combination. 

Amyloid plaques found in AD are 

predominantly composed of Aβ1-42. 

Capillary cerebral amyloid angiopathy (CAA) is 

associated with accumulation of the more 

soluble Aβ1-40 species. 
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a known overlap between CAA and AD pathologies.  

At the pathophysiological level, cerebral amyloid 

angiopathy appears to be in part a “protein 

elimination failure” angiopathy and leads to 

worsening vascular Aβ accumulation and impaired 

vascular physiology. In contrast to amyloid plaques 

found in AD, predominantly composed of Aβ1-42 

species, CAA results from a progressive loss of smooth 

muscle cells of parenchymal arterioles with 

simultaneous accumulation of the more soluble Aβ1-

40 species [20]. 

The balance between Aβ production-clearance from 

the brain and retention within the brain in the form 

of senile plaque or CAA determines what amount of 

soluble Aβ will diffuse in CSF. Recent findings suggest 
that CSF Aβ1-40 intra-individual variability could 

possibly relate to the specific mechanisms of sporadic 

development of CAA and the degree of 

cerebrovascular amyloid deposition [2]. 

 

6 Comparison of Aβ1-42/Aβ1-40 ratio 

with other ratios 

 

6.1 Introduction  

 

 

CSF Aβ1-42/Aβ1-40 is a tool to normalize values of 

patients with different amyloid levels, as other 

ratios might be seen more as interpretation tools 

which allow to compare different biomarker results. 

Whereas other ratios combine different pathological 

features, the Aβ1-42/Aβ1-40 ratio is a combination of 

two markers reflecting the same pathology. As soon 

as other biomarkers such as tTau or pTau are included, 

it must be taken into consideration that Tau and Aβ 

might not have a linear relationship all over the 

course of the disease as they are parts of different 

pathological pathways. Therefore, every use of a ratio 

combining different pathologies needs to be 

evaluated and assessed very critical with regard to its 

value and result at different states of the disease and 

lifespan of the patient.  

 

6.2 Tau / amyloid ratios 

 

Among the scientific community it is generally 

widely accepted that combinations of different 

biomarkers outperform the use of individual 

biomarkers alone. The ongoing discussions are 

more related to the question about the best 

combination to predict or differentially diagnose 

AD. 

Based on the sensitivity of the best performing 

regression formulas, Duits et al. (2015) recommend 

the use of a tTau/Aβ1-42 ratio, as the use of this 

combination constitutes a robust CSF AD Alzheimer 

profile. They also evaluated pTau/Aβ1-42 ratio, 

which was found to predict AD with a sensitivity of 

91%–93%, and a specificity of 81%–84%. The same 

combinations (tTau/Aβ1-42 and pTau/Aβ1-42) best 

predicted cognitive decline in mild cognitive 

impairment patients. Validation confirmed these 

results, especially regarding the tTau/Aβ1-42 ratio 

[4]. 

The Alzheimer Disease Neuroimaging Initiative 

(ADNI), an international consortium, has been a key 

cohort study for predicting the progression from 

MCI to AD using biomarkers, and demonstrated 

that the tTau/Aβ1-42 ratio could be used to predict 

conversion from MCI to AD dementia, revealing a 

sensitivity of 86% and specificity of 85% [15; 16]. 

Nevertheless, since there are other pathologies 

(e.g. Tau), and other ratios that can combine 

Combinations of different biomarkers 

outperform the use of individual biomarkers 

alone. 

Several biomarker combinations have been 

tested and used in different kinds of ratios for 

AD diagnostics (t-Tau/Aβ1-42 ratio, p-Tau/Aβ1-

42 ratio, Aβ1-42/Aβ1-38 ratio) with good 

sensitivity and specificity. 

However, combining different 

physiopathologies (e.g. Tau and amyloid), the 

ratios must be used in a very strict context, 

according to a well-defined clinical question. 

CSF Aβ1-42/Aβ1-40 can be used as a tool to 

normalize values of amyloid levels, other ratios 

might be seen more as interpretation tools. 
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different pathological models to evaluate the AD 

risk, all ratios must be used in strict context, 

according to a well-defined clinical question. 

 

6.3 Other amyloid / amyloid ratios 

 

It seems that between Aβ1-42/Aβ1-40 ratio and Aβ1-

42/Aβ1-38 ratio there is not much difference. Aβ1-38 

may be increased in neuroinflammatory diseases [22]. 

But since the assays for Aβ1-40 are well-established, 

which is not the case for Aβ1-38, and in addition there 

is not enough data on Aβ1-38, Aβ1-42/Aβ1-40 ratio 

seems to be the better option in this comparison. 

 

 

7 Influence of automation on Aβ1-

42/Aβ1-40 ratio and its use 

 

 

Automation is an important step in the direction of 

more standardization as it limits the number of 

manual handling steps and therefore minimizes 

handling modifications from IFU instructions and the 

risk of mistakes due to manual manipulations of the 

samples or the assay.  

As it is generally seen as important to evaluate both 

parameters in the same run, the development of an 

automated system that allows testing of both Aβ1-42 

and Aβ1-40 in parallel and eliminates not only manual 

interactions but also run-to-run variability. This 

capability represents a big step towards 

standardization. Automation of the analysis of Aβ1-42 

and Aβ1-40 with individual test results and the 

possibility of a ratio calculation as automated output 

could improve and simplify the use of the ratio and 

would most probably allow more clinicians to use this 

tool to normalise their Aβ1-42 results.  

In addition, false positives or other mistakes can be 

observed due to complex preanalytical conditions. If 

an automated system is used it could be – due to 

economical consideration and lab organization - 

easier to test Aβ1-42 and Aβ1-40 simultaneously and 

in routine. This would even further increase the level 

of reliability of the results as it combines the higher 

level of standardization (less manual interaction, 

standardized protocol, etc.) linked to automated 

testing with a higher degree of reliability of the Aβ1-

42/Aβ1-40 ratio in comparison with one parameter 

alone.  

Automation is an important step in the 

direction of more standardization. 

With the use of automated systems, economic 

considerations and lab organization could lead 

to a simultaneous analysis of Aβ1-42 and Aβ1-

40 or the ratio as reflex test for the routine 

clinical practice. 

Automation offers a higher level of 

standardization combining multiple 

parameters in comparison to manual testing. 
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