
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (see an example) and are provided with free text boxes to elaborate 

on their assessment. These free text comments are reproduced below.  Some articles will have been 

accepted based in part or entirely on reviews undertaken for other BMJ Group journals. These will be 

reproduced where possible. 

ARTICLE DETAILS 

TITLE (PROVISIONAL) MRI or cerebrospinal fluid biomarkers do not increase diagnostic 

accuracy following a brief test of memory for predicting progression 

to Alzheimer‟s Disease in patients with Mild Cognitive Impairment 

AUTHORS Richard, Edo; Schmand, Ben; Eikelenboom, Piet; van Gool, Willem 

 

VERSION 1 - REVIEW 

REVIEWER Dr Craig Ritchie  
Senior Lecturer  
Centre for Mental Health  
Imperial College London  
United Kingdom  
 
No conflict of interest 

REVIEW RETURNED 04-Jan-2013 

 

THE STUDY They have used data from an other cohort study that has been 
described well elsewhere in numerous publications. The authors 
recognise and note that the findings may not be directly used in a 
more heterogenous clinical population. 

GENERAL COMMENTS This is a well written, novel and important paper that addresses a 
very topical issue viz a viz the burgeoning use of tests in diagnosing 
Alzheimer's disease.  
 
I have only a list of minor concerns that I have presented in the order 
they appear in the manuscript:  
 
1. Several sentences in abstract and Article Summary need full 
stops at the end of them.  
2. 6th line of the Introduction should be 'relief' not 'relieve'.  
3. Don't need to use 'e.g.' after 'such as'.  
4. They should comment as to the quality of the ADNI research by 
way of the STARD and QUADAS criteria. As they rely on this data, 
they need to assure the reader of it's quality.  
5. They use the terms MRI and CSF - though to be more accurate 
and consistent with the use of the term RAVLT, they should really 
say 'Enterorhinal Cortex Volume' and 'Ab/Tau Ratio' in the text as 
these were the actual tests being compared/used.  
6. They need to add in their discussion that some of the non-
converting MCI patients may yet convert to AD as some will have 
only been in the ADNI study for 5.5 months.  
7. In the discussion - while each test may perform at a comparable 
level, I think that the ability of tests to discriminate between MCI 
Stable and MCI Converters (~0.65 AUC) is pretty poor and deserves 
a comment (Table 2 and Figure 1).  
8. The final 'e.g.' at the end of the discussion page can be deleted.  
9. I didn't understand what was being conveyed in the final sentence 
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of the 'Strengths and Limitations' section; perhaps this could be 
rewritten. Also in this sentence 'ofa' needs rewritten as 'of a'. 

 

REVIEWER Pieter Jelle Visser, MD, PhD  
Maastricht University  
The Netherlands 

REVIEW RETURNED 28-Jan-2013 

 

THE STUDY • The authors aimed to mimic clinical reality as much as possible. 
However, any comparison with control subjects is not clinically 
relevant, as subjects seen in a clinical setting for the evaluation of 
AD will have to be differentiated from other subjects with complaints 
not from healthy controls. So only the comparison that is of interest 
is the comparison between MCI converters and non-converters.  
 
• Moreover, the comparison between controls and AD will favor the 
memory test performance over the biomarkers, as memory 
impairment is a prerequisite for the diagnosis of AD.  
 
• The dichotomization should be described in more detail. Were 
optimal cut-points calculated for each group comparison? The 
authors should provide the cut-points.  
 
• The ADNI data used are not up to date (download June 2011). 
This limits the follow-up time of MCI subjects.  
 
• Follow-up time varies substantially between MCI subjects and an 
alternative approach may be to apply survival analysis  
 
• The authors do not cite papers that show added value of CSF/MRI 
markers over memory function in MCI. Essentially all studies show 
that in subjects with MCI (thus with cognitive impairment) biomarkers 
predict outcome. 

RESULTS & CONCLUSIONS • For MCI stable/converter comparison the authors should discuss 
the limitation of the short follow-up. Stable MCI subjects may convert 
at later intervals. This is a disadvantage for CSF markers, as they 
become abnormal many years before MRI and cognitive markers.  
 
• The authors may discuss previous ADNI papers. Of interest is the 
Ewers 2010 study, which demonstrates that MRI markers predicted 
outcome better than RAVLT scores.  
 
• The conclusion follows the analyses performed but given the 
limitations of the analyses mentioned above the implications for the 
use of the new AD research criteria are not justified. The new criteria 
propose separate criteria for subjects with MCI or dementia and for 
cognitively normal subjects. In the present study controls, subjects 
with MCI and AD are included in a single cohort and such cohort is 
not the intended use for the criteria. Only the analyses of MCI 
converters/non-converters may be relevant for the discussion of the 
new criteria.  
 
• The authors should provide a discussion on when the markers 
become abnormal in the disease in relation to the diagnostic 
accuracy. For example, the explanation of the decrease in accuracy 
of CSF markers in figure 1 Panel B is the increase in a false-positive 
diagnosis. These are subjects with an abnormal CSF profile but no 
AD. This can be explained by the fact that CSF markers become 
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abnormal in an earlier stage than memory as mentioned above. 
Similarly, hippocampal atrophy is a relatively late marker, which may 
explain the increase in a false-negative diagnosis in figure 1 Panel 
A. This is a problem mainly for MCI, as shown in table 2. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: Dr Craig Ritchie  

Senior Lecturer  

Centre for Mental Health  

Imperial College London  

United Kingdom  

 

No conflict of interest  

 

They have used data from an other cohort study that has been described well elsewhere in numerous 

publications. The authors recognise and note that the findings may not be directly used in a more 

heterogenous clinical population.  

 

This is a well written, novel and important paper that addresses a very topical issue viz a viz the 

burgeoning use of tests in diagnosing Alzheimer's disease.  

 

I have only a list of minor concerns that I have presented in the order they appear in the manuscript:  

 

We thank the reviewer for these supportive comments and address the minor comments below point 

by point.  

 

1. Several sentences in abstract and Article Summary need full stops at the end of them.  

We added the full stops.  

 

2. 6th line of the Introduction should be 'relief' not 'relieve'.  

We changed this.  

 

3. Don't need to use 'e.g.' after 'such as'.  

We removed „e.g.‟ at several places in the paper  

 

4. They should comment as to the quality of the ADNI research by way of the STARD and QUADAS 

criteria. As they rely on this data, they need to assure the reader of it's quality.  

We agree with the reviewer and have explicitly mentioned this in the methods section. We have 

prepared the paper in line with the STARD criteria. The ADNI data were of sufficient quality to allow 

for a diagnostic test accuracy study which can appropriately be interpreted.  

 

5. They use the terms MRI and CSF - though to be more accurate and consistent with the use of the 

term RAVLT, they should really say 'Enterorhinal Cortex Volume' and 'Ab/Tau Ratio' in the text as 

these were the actual tests being compared/used.  

We agree with the reviewer that consistency on this point is important. We have changed this at 

several points in the text. For readability for a general readership of BMJ Open and for consistency, 

we still refer to MRI and CSF in contexts where we speak of „short memory test‟.  

 

 

6. They need to add in their discussion that some of the non-converting MCI patients may yet convert 

to AD as some will have only been in the ADNI study for 5.5 months.  
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As in any MCI study this is indeed a point of discussion. Although the average follow-up of 33 months 

in the MCI group is relatively long compared to previously published papers on diagnostic test 

accuracy in MCI, the reviewer is right that this point should be explicitly discussed. We added a few 

sentences on this issue to the discussion section.  

 

7. In the discussion - while each test may perform at a comparable level, I think that the ability of tests 

to discriminate between MCI Stable and MCI Converters (~0.65 AUC) is pretty poor and deserves a 

comment (Table 2 and Figure 1).  

We agree with the reviewer that these AUCs illustrate the relatively poor test characteristics of each of 

the diagnostic instruments for the predicting which patients will progress to AD. We added an extra 

sentence to the discussion section to highlight this point.  

 

8. The final 'e.g.' at the end of the discussion page can be deleted.  

Thank you. We deleted this.  

 

9. I didn't understand what was being conveyed in the final sentence of the 'Strengths and Limitations' 

section; perhaps this could be rewritten. Also in this sentence 'ofa' needs rewritten as 'of a'.  

We adapted the sentence and removed the addition „similarly....differential diagnosis of dementia‟  

 

 

Reviewer: Pieter Jelle Visser, MD, PhD  

Maastricht University  

The Netherlands  

 

• The authors aimed to mimic clinical reality as much as possible. However, any comparison with 

control subjects is not clinically relevant, as subjects seen in a clinical setting for the evaluation of AD 

will have to be differentiated from other subjects with complaints not from healthy controls. So only the 

comparison that is of interest is the comparison between MCI converters and non-converters.  

We agree with the reviewer that the clinically most relevant comparison is between the MCI patients 

who do and those who don‟t progress to AD. To put our findings in context of the large body of 

literature on diagnostic test accuracy in which patients with dementia are compared to controls we 

feel that this comparison is still relevant, especially because it shows that even in these clinically 

overtly different subjects, the diagnostic accuracy of CSF and MRI is limited. Moreover comparison 

with healthy controls bears some relevance in relation to the „worried well‟ who tend to also visit 

memory clinics.  

In the methods section we explain the clinical relevance of the three different analyses (last paragraph 

of „design and subjects‟). We also stress the clinical relevance of particularly the diagnostic test 

accuracy in the MCI group in the first paragraph of the discussion. In Panel B of figure 1 we illustrate 

that also in the MCI group alone the net reclassification improvement is around zero.  

 

• Moreover, the comparison between controls and AD will favor the memory test performance over the 

biomarkers, as memory impairment is a prerequisite for the diagnosis of AD.  

The reviewer is correct that this leads to a certain degree of incorporation bias. We are well aware of 

this potential bias and have clearly described it in the first paragraph in „Methods-diagnostic tests‟ and 

in the last paragraph of the discussion section. We took special care to select a memory test that was 

not used for establishing a diagnosis in ADNI, but due to the fact that memory disturbance is a key 

symptom of a diagnosis of AD some degree of incorporation-bias is inevitable.  

 

• The dichotomization should be described in more detail. Were optimal cut-points calculated for each 

group comparison? The authors should provide the cut-points.  

The cut-points were calculated for each comparison. We added a sentence on this to the statistical 

analysis section. We used the optimal cut-off giving equal weight to sensitivity and specificity (Youden 
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index). Although we feel the absolute values of the cut-points are not particularly relevant for the 

interpretation of the data, we have added the absolute values of the cut-points to table 2.  

 

• The ADNI data used are not up to date (download June 2011). This limits the follow-up time of MCI 

subjects.  

The ADNI data are continuously being updated. Mean follow-up in this sample was almost 3 years (33 

months), which is considerably longer than in most studies reporting on diagnostic accuracy in MCI 

with progression to AD as outcome measure (e.g. Ewers 2010 2.3 years, Visser PJ et al 2009 2.3 

years). Although the analyses could be re-run on more recent data, we do not feel this is required. 

Apart from the argument that our reported follow-up is already considerably longer than in previous 

reports on diagnostic accuracy in MCI, longer follow-up would also introduce more bias towards 

selective drop-out and survival-effects, which could influence the results.  

 

• Follow-up time varies substantially between MCI subjects and an alternative approach may be to 

apply survival analysis  

Although this is a possibility, this would augment the issue raised by the reviewer that our analysis is 

„in favor of the memory test‟. The lower the scores on the memory-test, the shorter the time to 

progression to AD will be, the higher the effect on the resulting hazard ratio. We do not feel that this 

analysis would strengthen the paper. Moreover, from a clinical perspective, a patient with MCI wants 

to know whether he or she will ultimately develop dementia or not. Whether progression occurs after 

28 or 32 months is not all that relevant for individual patients, especially because it is a slowly 

progressive disease, in which the „moment of conversion‟ is rather arbitrary and dependent on the 

moment of the visit to the doctor who decides the dementia-threshold has been crossed.  

 

• The authors do not cite papers that show added value of CSF/MRI markers over memory function in 

MCI. Essentially all studies show that in subjects with MCI (thus with cognitive impairment) 

biomarkers predict outcome.  

The reviewer is right that in subjects with MCI (thus with cognitive impairment) biomarkers to a certain 

extent can improve the prediction of likelihood of progression to dementia. The reviewer is also right, 

that when combining the three modalities (memory, CSF and MRI) on a group level in an MCI 

population using multivariate statistical analyses, a higher predictive value can be reached than when 

assessed in isolation (e.g. Mattsson et al, JAMA 2009, Heister et al, Neurology 2011). We explicitly 

discuss this in the introduction this in the introduction. We added these two relevant references.  

However, these papers do not approach the topic from a clinical and pragmatic perspective, i.e. they 

assume availability of all three diagnostic instruments in all subjects and then add the three modalities 

to one statistical model. What we show in our paper, is that the subjects with the lowest scores on the 

RAVLT have the highest likelihood of progressing to dementia. We show that after this memory test, 

additional testing of CSF or MRI does not add to diagnostic accuracy. This analysis from a clinical 

perspective very much reflects daily practice for the vast majority of clinicians and patients.  

 

• For MCI stable/converter comparison the authors should discuss the limitation of the short follow-up. 

Stable MCI subjects may convert at later intervals. This is a disadvantage for CSF markers, as they 

become abnormal many years before MRI and cognitive markers.  

We kindly refer to our reply to comment 6 of reviewer 1 and a previous comment from this reviewer. 

We do acknowledge this issue and have added another sentence on this to the discussion section, 

with a suitable reference: „The current hypothesis that CSF changes long precede cognitive 

impairment could have led to an underestimation of the predictive value of CSF biomarkers, although 

the predictive value of CSF many years before dementia onset has not been documented to date in 

patients visiting memory clinics.‟  

 

• The authors may discuss previous ADNI papers. Of interest is the Ewers 2010 study, which 

demonstrates that MRI markers predicted outcome better than RAVLT scores.  
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The Ewers paper is indeed an interesting paper. However, the paper is not written from a clinical 

perspective as we have done. In the paper a feedforward strategy was used to statistically model the 

additional effect of different diagnostic instruments in a Cox proportional hazards model, in which the 

cognitive test was added to the statistical model after the CSF and MRI. This clearly illustrate the 

limited value of such analyses for clinical practice. In all memory clinics the diagnostic work-up starts 

with a clinical examination including a short memory test, and not with a lumbar puncture and/or an 

MRI.  

Most of the results in the Ewers 2010 paper are in line with our finding that tested in isolation, all 

diagnostic instruments perform at a comparable level. The reviewer is right that the classification 

accuracy of the right entorhinal cortex seems slightly better than the RAVLT, but the confidence 

intervals are clearly overlapping, limiting the value of this difference. The confidence interval of the 

model with 4 predictors vs. the model with one predictor were overlapping as well, illustrating the 

limited added value of 3 additional diagnostic instruments. We have added the Ewers reference to the 

introduction section.  

 

• The conclusion follows the analyses performed but given the limitations of the analyses mentioned 

above the implications for the use of the new AD research criteria are not justified. The new criteria 

propose separate criteria for subjects with MCI or dementia and for cognitively normal subjects. In the 

present study controls, subjects with MCI and AD are included in a single cohort and such cohort is 

not the intended use for the criteria. Only the analyses of MCI converters/non-converters may be 

relevant for the discussion of the new criteria.  

We fully agree with the reviewer that the analysis of MCI subjects is most clinically relevant. Any 

attempt of branding subjects without cognitive complaints as having a pre-clinical stage of a disease 

based on biomarkers which lack sufficient predictive value is currently not appropriate. We kindly refer 

to our answer to the first comment of this reviewer, and to the additions we have made to the methods 

and discussion sections of the paper on this important topic.  

 

• The authors should provide a discussion on when the markers become abnormal in the disease in 

relation to the diagnostic accuracy. For example, the explanation of the decrease in accuracy of CSF 

markers in figure 1 Panel B is the increase in a false-positive diagnosis. These are subjects with an 

abnormal CSF profile but no AD. This can be explained by the fact that CSF markers become 

abnormal in an earlier stage than memory as mentioned above. Similarly, hippocampal atrophy is a 

relatively late marker, which may explain the increase in a false-negative diagnosis in figure 1 Panel 

A. This is a problem mainly for MCI, as shown in table 2.  

The reviewer refers to the assumption that CSF with low Aβ and high phosphoTau (dubbed by some 

as an „Alzheimer-profile‟) always reflects an early phase of the disease that will ultimately manifest 

itself with clinical dementia (as nicely illustrated in the position paper by Sperling et al, Alzheimers & 

Dementia 2011). However, there is currently insufficient data on cognitively intact subjects with 

sufficient long follow-up to confirm this assumption based on disease models (see also Schmand et al 

Psychol Med 2010;40:135-45).  

However, we understand the point and agree that it is an important matter of debate in the field. 

Therefore we have added an extra sentence to the discussion on this point (see above). A full 

discussion on the presumed disease model and earliest neuropathological and CSF changes is 

beyond the scope of our clinically oriented paper, but we do refer to the appropriate paper by Sperling 

et al. 
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VERSION 2 – REVIEW 

REVIEWER Pieter Jelle Visser, 
Maastricht University, The Netherlands 

REVIEW RETURNED 21-Mar-2013 

 

THE STUDY • The major limitation of the paper is that any comparison with 
control subjects is not clinically relevant, as subjects seen in a 
clinical setting for the evaluation of AD will have to be differentiated 
from other subjects with complaints not from healthy controls. The 
author replied to this comment that many previous studies have also 
compared AD subjects to controls. That is true, but these studies did 
not aim to demonstrate clinical relevance of tests but rather whether 
diagnostic tests worked al all (typically diagnostic test are tested first 
between controls and cases as a proof of concept (phase 1 of 
diagnostic test validation (Sackett)- here the authors would like to do 
a phase III study on diagnostic accuracy in a real life clinical 
setting)).  
 
• The authors also replied to this by saying that „worried well‟ 
subjects in a clinical setting may behave like controls and that the 
comparison control vs. AD is clinically relevant for that reason. 
However, worried-well subjects can perfectly diagnosed without 
biomarkers and the authors very likely agree that in these worried-
well subjects biomarker testing should not be considered at all. The 
authors also remark that: “having a pre-clinical stage of a disease 
based on biomarkers which lack sufficient predictive value is 
currently not appropriate”. So why perform diagnostic testing in 
controls in the present study?  
 
• The reply of the authors to my suggestion to use hazard ratios is a 
bit odd. With censored time points survival analysis has clearly the 
preference. It can give a more accurate estimate of the true 
conversion rate than outcome at the last follow-up available, which 
likely gives an underestimation of the conversion rate. This is 
clinically relevant information for patients.  
 
• Moreover, it still worthwhile to extend the follow-up time. The 
authors replied:” , longer follow-up would also introduce more bias 
towards selective drop-out and survival-effects, which could 
influence the results.” This is a remarkable argument as conversion 
to AD is the main outcome and conversion can take up to 10 years 
(Visser 2006, Buchhave 2012) so a long follow-up is crucial. Dropout 
indeed is a problem (but typically not so large) but it should be no 
reason to stop measuring the main outcome of the study as well. 

RESULTS & CONCLUSIONS • Another major limitation is that the authors still do not discuss in 
sufficient detail how the diagnostic accuracy is dependent on the 
position of the marker in the amyloid cascade, while this is clinically 
very relevant. The authors replied that the amyloid cascade is an 
attractive hypothesis but question also the clinical validity and 
mention that no long-term studies have shown that subjects with 
abnormal amyloid develop disease at the long-term in a memory-
clinic setting (“The current hypothesis that CSF changes long 
precede cognitive impairment could have led to an underestimation 
of the predictive value of CSF biomarkers, although the predictive 
value of CSF many years before dementia onset has not been 
documented to date in patients visiting memory clinics”). The 
authors likely missed the Buchhave 2012 paper that nicely showed 
that MCI subjects with abnormal amyloid virtually all converted to AD 
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after 10 years. The same holds for CSF tau and the ratio. Similarly, 
amyloid markers become abnormal first in subjects with a genetic 
mutation for AD around 15 years before the expected age of onset 
of dementia while hippocampal atrophy and cognition start to 
become abnormal about 10 years before expected dementia onset 
(Bateman 2012). These studies provide convincing evidence for the 
amyloid hypothesis (see also Jack 2013) and they should be 
discussed in detail together with the consequences for the use of 
different type of biomarkers (amyloid, tau, atrophy, cognition) in 
clinical practice in terms of sensitivity and specificity.  
 
• A consequence of the model is that any comparison of the 
diagnostic accuracy of CSF tests and cognitive tests for diagnosis of 
AD relative to controls, will favor memory tests. I mentioned this in 
my comments to the first version of the paper. The authors replied to 
this with a discussion of incorporation bias as memory impairment is 
used for the diagnosis of AD and acknowledged that that is a 
problem. Moreover, memory tests are also by definition normal in 
controls. In contrast, CSF markers are abnormal in about 25% of the 
control subjects as they become abnormal long before clinical 
symptom onset. So it is no surprise that CSF markers perform worse 
than memory scores in differentiation between AD and controls.  
 
• The other reviewer mentioned the low AUC for prediction of AD in 
MCI for all tests. The authors may provide an explanation for this. It 
likely has to do with the short follow-up. More than 70% of the MCI 
subjects in ADNI have already an AD CSF profile at baseline (Shaw 
2009). While only 45% of the subjects converted to AD after 3 years 
in the present study, this will likely increases with longer follow-up (cf 
Buchhave 2012), such that predictive accuracy will improve.  
 
• In summary, the only clinically relevant comparison of tests in the 
ADNI dataset presented by the authors is in the comparison 
between MCI converters and non-converters. This comparison is 
also in line with the intended use of the NIA-AA criteria. The 
analyses, however, should be improved and the findings discussed 
in more detail using the amyloid cascade model.  
 
• The comparison between controls and AD cases does not reflect a 
clinical situation. Any conclusion based on that comparison for the 
use of biomarkers in clinical practice is invalid and misleading. 
These data must be left out. 

 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: Pieter Jelle Visser, Maastricht University, The Netherlands  

 

We thank the reviewer for the comments. We notice that the reviewer is satisfied with our response to 

several of the issues he raised. We will address the remaining issues point-by point below.  

 

• The major limitation of the paper is that any comparison with control subjects is not clinically 

relevant, as subjects seen in a clinical setting for the evaluation of AD will have to be differentiated 

from other subjects with complaints not from healthy controls. The author replied to this comment that 

many previous studies have also compared AD subjects to controls. That is true, but these studies did 

not aim to demonstrate clinical relevance of tests but rather whether diagnostic tests worked al all 

(typically diagnostic test are tested first between controls and cases as a proof of concept (phase 1 of 
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diagnostic test validation (Sackett)- here the authors would like to do a phase III study on diagnostic 

accuracy in a real life clinical setting)).  

 

Following the suggestion of the reviewer, we have deleted the comparison between controls and AD 

cases, altogether. We regret that we could not convince the reviewer of the value of our observations 

in extremes of the disease spectrum (i.e. healthy control and Alzheimer‟s Disease), which supports 

our observations in the MCI group from a conceptional point of view.  

 

• The authors also replied to this by saying that „worried well‟ subjects in a clinical setting may behave 

like controls and that the comparison control vs. AD is clinically relevant for that reason. However, 

worried-well subjects can perfectly diagnosed without biomarkers and the authors very likely agree 

that in these worried-well subjects biomarker testing should not be considered at all. The authors also 

remark that: “having a pre-clinical stage of a disease based on biomarkers which lack sufficient 

predictive value is currently not appropriate”. So why perform diagnostic testing in controls in the 

present study?  

 

We have deleted the comparison between controls and AD cases.  

 

• The reply of the authors to my suggestion to use hazard ratios is a bit odd. With censored time 

points survival analysis has clearly the preference. It can give a more accurate estimate of the true 

conversion rate than outcome at the last follow-up available, which likely gives an underestimation of 

the conversion rate. This is clinically relevant information for patients.  

 

In response to the request of the reviewer for a HR, we now also report results from a Cox 

proportional hazards model as well.  

Survival analysis has some advantages and is therefore sometimes used in diagnostic test accuracy 

studies with delayed verification, which our analysis essentially is. However, in our paper we primarily 

aim to study the added value of different diagnostic tests from a radical clinical perspective. In the 

outpatient clinic most clinicians will have some trouble thinking in Hazard Ratios, since these are not 

very intuitive and difficult to communicate to an individual patient. Therefore we adopted the intuitive 

and easy to interpret Net Reclassification Improvement, which in our opinion is the major strength of 

our paper. We added the Cox regression, but maintained the NRI analysis as the main analysis of the 

paper.  

 

• Moreover, it still worthwhile to extend the follow-up time. The authors replied:” , longer follow-up 

would also introduce more bias towards selective drop-out and survival-effects, which could influence 

the results.” This is a remarkable argument as conversion to AD is the main outcome and conversion 

can take up to 10 years (Visser 2006, Buchhave 2012) so a long follow-up is crucial. Dropout indeed 

is a problem (but typically not so large) but it should be no reason to stop measuring the main 

outcome of the study as well.  

 

As suggested by the reviewer, we have updated the data from the ADNI database and re-calculated 

the NRIs with the most recent follow-up data from ADNI, resulting in an average increase of follow-up 

of 180 days.  

 

• Another major limitation is that the authors still do not discuss in sufficient detail how the diagnostic 

accuracy is dependent on the position of the marker in the amyloid cascade, while this is clinically 

very relevant. The authors replied that the amyloid cascade is an attractive hypothesis but question 

also the clinical validity and mention that no long-term studies have shown that subjects with 

abnormal amyloid develop disease at the long-term in a memory-clinic setting (“The current 

hypothesis that CSF changes long precede cognitive impairment could have led to an 

underestimation of the predictive value of CSF biomarkers, although the predictive value of CSF 
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many years before dementia onset has not been documented to date in patients visiting memory 

clinics”). The authors likely missed the Buchhave 2012 paper that nicely showed that MCI subjects 

with abnormal amyloid virtually all converted to AD after 10 years. The same holds for CSF tau and 

the ratio. Similarly, amyloid markers become abnormal first in subjects with a genetic mutation for AD 

around 15 years before the expected age of onset of dementia while hippocampal atrophy and 

cognition start to become abnormal about 10 years before expected dementia onset (Bateman 2012). 

These studies provide convincing evidence for the amyloid hypothesis (see also Jack 2013) and they 

should be discussed in detail together with the consequences for the use of different type of 

biomarkers (amyloid, tau, atrophy, cognition) in clinical practice in terms of sensitivity and specificity.  

 

In response to the reviewer‟s request we added a paragraph on the topic. A more detailed discussion 

of the amyloid cascade hypothesis is beyond the scope of this clinically oriented paper that does not 

put the amyloid hypothesis to test. In addition, we added a relevant recent reference to literature on 

the amyloid hypothesis and a description of the hypothesized sequence of events from the first 

amyloid-aggregation until the occurrence of dementia.  

 

• A consequence of the model is that any comparison of the diagnostic accuracy of CSF tests and 

cognitive tests for diagnosis of AD relative to controls, will favor memory tests. I mentioned this in my 

comments to the first version of the paper. The authors replied to this with a discussion of 

incorporation bias as memory impairment is used for the diagnosis of AD and acknowledged that that 

is a problem. Moreover, memory tests are also by definition normal in controls. In contrast, CSF 

markers are abnormal in about 25% of the control subjects as they become abnormal long before 

clinical symptom onset. So it is no surprise that CSF markers perform worse than memory scores in 

differentiation between AD and controls.  

 

We assume that removal of the comparison of AD to controls adequately addresses this point of the 

reviewer.  

 

• The other reviewer mentioned the low AUC for prediction of AD in MCI for all tests. The authors may 

provide an explanation for this. It likely has to do with the short follow-up. More than 70% of the MCI 

subjects in ADNI have already an AD CSF profile at baseline (Shaw 2009). While only 45% of the 

subjects converted to AD after 3 years in the present study, this will likely increases with longer follow-

up (cf Buchhave 2012), such that predictive accuracy will improve.  

 

This topic is specifically addressed in the discussion section where we discuss strengths and 

limitations of the findings.  

 

• In summary, the only clinically relevant comparison of tests in the ADNI dataset presented by the 

authors is in the comparison between MCI converters and non-converters. This comparison is also in 

line with the intended use of the NIA-AA criteria. The analyses, however, should be improved and the 

findings discussed in more detail using the amyloid cascade model.  

 

We kindly refer to our answer to the previous points and the changes made in the manuscript.  

 

• The comparison between controls and AD cases does not reflect a clinical situation. Any conclusion 

based on that comparison for the use of biomarkers in clinical practice is invalid and misleading. 

These data must be left out.  

 

We removed the comparison between controls and AD cases in response to this point. We kindly 

refer to our answer to the previous points. 
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