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ABSTRACT 
Objective

To compare the predictive accuracy of beta amyloid (Aβ)1-42 and total tau in cerebrospinal 

fluid (CSF), hippocampal volume (HCV), and apolipoprotein E (APOE) genotype for AD-type 

dementia in subjects with amnestic MCI (aMCI) and non-amnestic MCI (naMCI). 

Methods

We selected 399 subjects with aMCI and 226 subjects with naMCI from a multicenter memory 

clinic-based cohort. We measured CSF Aβ1-42 and tau by ELISA (n=231), HCV on MRI (n=388), 

and APOE-ε4 (n=523). Follow-up was performed annually up to 5 years. Outcome measures 

were progression to AD-type dementia and cognitive decline.

Results

At least 1 follow-up was available for 538 subjects (86%). 132 (38%) subjects with aMCI and 

39 (20%) subjects with naMCI progressed to AD-type dementia after an average follow-up 

of 2.5 years. CSF Aβ1-42, tau and Aβ1-42/tau ratio, HCV, and APOE-ε4 predicted AD-type 

dementia in each MCI subgroup with the same overall diagnostic accuracy. However, CSF 

Aβ1-42 concentration was higher and hippocampal atrophy less severe in subjects with naMCI 

compared to aMCI. This reduced the sensitivity but increased the specificity of these markers 

for AD-type dementia in subjects with naMCI.

Conclusions

AD biomarkers are useful to predict AD-type dementia in subjects with aMCI and naMCI. 

Biomarkers may, however, not be as sensitive for early diagnosis of AD in naMCI compared to 

aMCI. This may have implications for clinical implementation of the NIA-AA criteria.
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INTRODUCTION
The new research criteria for mild cognitive impairment (MCI) due to Alzheimer’s disease (AD) 

proposed by the National Institute on Aging and Alzheimer’s association (NIA-AA) consider 

both amnestic MCI (aMCI) and non-amnestic MCI (naMCI) as possible prodromal stages of 

AD-type dementia.1 While previous studies on aMCI showed that biomarkers in cerebrospinal 

fluid (CSF), hippocampal volume (HCV) and apolipoprotein E (APOE) genotype could predict 

AD-type dementia in subjects with aMCI,2-5 the predictive accuracy of these markers in subjects 

with naMCI remains to be established.

Recent studies showed that AD pathology is common in subjects with naMCI.6 AD may, 

however, present differently in naMCI than in aMCI7 and AD biomarkers may therefore have a 

different predictive accuracy for AD-type dementia. Information on the predictive accuracy of 

AD biomarkers in naMCI will be important both for clinical practice and AD trial design.8

We previously reported the predictive accuracy of HCV and the CSF Aβ1-42/tau ratio for AD-type 

dementia after 2 years in a subset of our subjects with MCI9 and reported the predictive accuracy 

of neuronal injury markers for cognitive decline in subjects with CSF amyloid pathology.10 The 

aim of the present study was to compare the predictive accuracy of biomarkers for AD-type 

dementia and cognitive decline after up to 5 years in subjects with aMCI with that in subjects with 

naMCI. As predictors we used CSF beta amyloid (Aβ)1-42, tau, Aβ1-42/tau ratio, HCV, and APOE 

genotype. We also tested short-term AD prediction after 2 years. 

METHODS
Subjects

Subjects were recruited from the DESCRIPA cohort11 and Alzheimer Center of the VU University 

medical center (VUmc).12 Inclusion criteria were baseline diagnosis of aMCI or naMCI, age ≥55 

years, data on either CSF Aβ1-42 and tau, HCV, or APOE genotype, and being newly referred 

for the assessment of cognitive complaints. Exclusion criteria were diagnosis of dementia at 

baseline or any other somatic, psychiatric or neurological disorder that might have caused the 

cognitive impairment.

DESCRIPA is a European multicenter study performed in a memory-clinic setting and enrolled 

subjects between 2003 and 2005.11 For this study, 431 eligible subjects were selected from 16 

participating centers in which CSF was collected, MRI was performed, or APOE genotype was 

determined. The VUmc center was one of the DESCRIPA centers and contributed an additional 

sample of 194 subjects that were seen outside the DESCRIPA inclusion period with data on CSF, 

MRI, or APOE measures. No differences in biomarkers were found between subjects from the 

VUmc center in the DESCRIPA study and those from the additional VUmc sample.

Subjects with baseline data on CSF, MRI or APOE genotype (n=625) differed from subjects in 

whom CSF, MRI, and APOE genotype data were not available (n=126) with regard to gender 

(female 54 vs. 67%;p=0.034), and MCI type (aMCI 64 vs. 52%;p=0.003) at baseline. 
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Standard Protocol Approvals, Registrations, and Patient Consents

The medical ethics committee at each center approved the study. All subjects provided 

informed consent.

Clinical and cognitive assessment

We performed a clinical history, medical and neurological examination, laboratory tests, 

functional evaluation with the clinical dementia rating scale, rating scales for neuropsychiatric 

symptoms, scoring on the Mini-Mental State Examination (MMSE), and a neuropsychological 

assessment.11,12 Data was collected blinded to results of biomarker analyses. 

Baseline diagnosis of MCI was made according to the criteria of Petersen et al.13 Raw scores 

on neuropsychological tests were corrected for age, gender, and education, and expressed as 

z-scores.11 Subjects with a z-score <-1.5 SD on the learning measure or delayed recall of a word list 

learning test or equivalent memory test were classified as having aMCI. Subjects with a z-score 

<-1.5 SD on the trail making test (TMT) part A, TMT part B, verbal fluency, Rey figure copy test 

or equivalent test but no memory impairment were classified as having naMCI. Subjects with 

aMCI were subclassified as aMCI-single domain (SD) if they only had an impairment in memory 

and as aMCI-multi domain (MD) if they had also impairments in non-memory domains. We 

calculated a memory composite score as the average z-score of the learning and delayed recall 

score of the word list learning test and a cognitive composite score as the average z-score of all 

6 cognitive tests, if scores were available for at least 3 tests.

Cerebrovascular measures were hypertension (n=486; systolic blood pressure ≥140 mmHG or 

diastolic blood pressure ≥90 mmHG), hypercholesterolemia (n=483), and white matter lesions 

(WML; n=361). WML were scored by the PVL Scheltens scale14 for the Descripa cohort and by the 

Fazekas scale15 for the additional VUmc sample. We scored the PVL scores as Fazekas score: PVL 

0=Fazekas 0, PVL 1-2=Fazekas 1, PVL 3=Fazekas 2, and PVL ≥4 =Fazekas 3. Final WML scores were 

dichotomized as 0-1 vs. 2-3. 

Follow-up assessment was performed annually up to 5 years. Primary outcome measures were 

conversion to AD-type dementia at follow-up according to the DSM-IV16 and NINCDS-ADRDA 

criteria17 and annual cognitive decline on MMSE, memory and overall cognition. Secondary 

outcome measure was short-term conversion to AD-type dementia after 2 years. 

CSF analyses

CSF data were available for 231 subjects. These subjects showed minor differences in age (69.7 vs. 

71.3;p=0.035), MMSE (26.6 vs. 27.1;p=0.042), and gender (female 44 vs. 59%;p=0.02) compared 

to subjects without CSF data. 214 subjects with CSF data had a least one follow-up assessment.

CSF was collected by lumbar puncture, centrifuged, and stored at -80°C in polypropylene tubes. 

Three samples were thawed twice but analyses without these samples revealed similar results. 

CSF Aβ1-42 and total tau (t-tau) were measured by experienced technicians using commercially 

available sandwich ELISAs (Innotest β-amyloid 1-42; Innotest hTAU-Ag; Innogenetics, Ghent, 

Belgium), specially constructed to measure Aβ1-42 and t-tau,18,19 at the lab in Gothenburg for the 

DESCRIPA cohort and in Amsterdam for the additional subjects of the VUmc cohort. We corrected 

for interlaboratory ELISA differences by analyzing 33 samples at both labs and we adjusted VUmc 
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values to those of DESCRIPA using the following formula: Gothenborg=(SD Gothenborg/SD 

VUmc)*VUmc+average Gothenborg–((SD Gothenborg /SD VUmc)*average VUmc).20

The CSF measures were dichotomized based on prespecified cut-offs.21,22 The cut-off was <500 

pg/ml for Aβ1-42, >450 pg/ml for t-tau in subjects below 70 years and >500 pg/ml for t-tau in 

subjects above 70 years, and Aβ1-42/(240+[1.18*t-tau]) < 1.0 for Aβ1-42/t-tau ratio. 

MRI analyses

MRI scans that allowed automated measurements of HCV were available for 388 subjects. 

These subjects did not differ from subjects without data of automatically measured HCVs on 

demographical variables. 329 subjects with MRI data had a least one follow-up assessment.

For the DESCRIPA cohort, at each site, subjects were scanned according to the routine MRI 

protocol. All scanning was performed at 1.0 or 1.5 T and included a three-dimensional T1-

weighted gradient echo sequence and a fast fluid attenuated inversion recovery (FLAIR) 

sequence.9 HCV was measured centrally at the Department of Computing at Imperial College 

London, using learning embeddings for atlas propagation (LEAP), an automated segmentation 

technique based on atlas registration.9, 23

The sum of the left and right HCV was dichotomized by defining a cut-off  (5.389 cm3) that could 

best differentiate healthy controls from subjects with AD-type dementia in the ADNI cohort, 

based on the Youden index from a time-dependent ROC curve in R.24 The cut-off was similar to 

the optimal cut-off in our own cohort.9

APOE genotype

APOE data were available for 523 subjects. These subjects did not differ from subjects without APOE 

data on demographical variables. 464 subjects with APOE data had a least one follow-up assessment. 

APOE genotype was determined by polymerase chain reaction of genomic DNA extracted from 

EDTA anticoagulated blood. Subjects were classified as APOE-e4 carriers or non-carriers. 

Statistical analyses

Statistical analyses were done with SPSS version 19.0 (Chicago, IL, USA) and statistical software 

package R version 2.10.1,25 with significance set at p<0.05. All analyses were corrected for age, 

gender, and education.

We calculated hazard ratios (HRs) using Cox regression to investigate the predictive accuracy 

for AD-type dementia of CSF Aβ1-42, tau, Aβ1-42/tau ratio, HCV, and APOE genotype in both 

MCI groups. For analyses with continuous variables, variables were log transformed and 

expressed as z-scores. 

The relation between biomarkers and change on the MMSE, memory, and overall cognition in 

each MCI subgroup was assessed by slope analyses with mixed models. The analyses included 

the baseline score and available follow-up scores up to 5 years. The model was specified with 

center as a random effect, as this model provided the best -2 log likelihood compared to 

models with simpler covariance structures. The median number of measurements per subject 

was 3 (range 1-6) for the MMSE and 2 (range 1-6) for memory with minor differences between 

MCI subgroups and between predictor variables.
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We calculated odds ratios (ORs) to investigate predictive accuracy for AD-type dementia after 2 

years. Additionally, we calculated sensitivity, specificity, positive predictive value, and negative 

predictive value.

RESULTS
Sample characteristics

399 (64%) subjects were classified as aMCI and 226 (36%) as naMCI. Of the aMCI subjects, 174 (44%) 

had aMCI-SD and 225 (56%) aMCI-MD. Subjects with aMCI had poorer MMSE scores and memory 

scores, better TMT part A scores, lower levels of CSF Aβ1-42, higher levels of CSF tau, a lower 

CSF Aβ1-42/tau ratio, and a smaller HCV than subjects with naMCI at baseline (table 1). Subjects 

with aMCI-MD had poorer cognitive scores than subjects with aMCI-SD but they did not differ in 

biomarker scores. 538 (86%) subjects had at least one follow-up assessment (average 2.5 years 

(SD=1.0)). Progression rate to AD-type dementia was higher in aMCI (38%) than in naMCI (20%), 

and higher in aMCI-MD (46%) than in aMCI-SD (29%). 17 (5%) of the subjects with aMCI progressed 

to other dementias (7 frontotemporal dementia, 7 Lewy body dementia, 1 Parkinson dementia, 1 

alcohol dementia, and 1 vascular dementia) and 15 (8%) of the subjects with naMCI progressed to 

other dementias (3 frontotemporal dementia, 6 Lewy body dementia, 5 vascular dementia, 1 normal 

pressure hydrocephalus). These subjects were included in the no-AD-type dementia group. 

Prediction of AD-type dementia 

CSF Aβ1-42, tau, Aβ1-42/tau ratio, and HCV all predicted AD-type dementia during the 5-year 

follow-up both in subjects with aMCI and naMCI (table 2). When scores were dichotomized, similar 

results were obtained. Also presence of the APOE-ε4 allele predicted AD-type dementia in each 

MCI group, but with only a trend in naMCI (p=0.085). The HRs for AD-type dementia did not differ 

between aMCI and naMCI (all p>0.12). They did also not differ between aMCI-SD and aMCI-MD, except 

for APOE-ε4. However, the HR of APOE-e4 was not different between naMCI and aMCI subtypes. 

The ability of the biomarkers to predict outcomes after 2 years was generally similar to what was 

seen at the longer time point for aMCI vs. naMCI (table 3) and for aMCI-SD vs. aMCI-MD (data not 

shown). However, CSF and MRI markers showed a higher sensitivity and lower specificity in aMCI 

than naMCI (table 3) because both aMCI subjects with and without AD-type dementia at follow-up 

had more abnormal biomarker scores compared to subjects with naMCI (supplemental table e-1).

Prediction of annual cognitive decline 

All biomarkers predicted decline on the MMSE in subjects with aMCI and naMCI, except for CSF 

Aβ1-42 in naMCI (table 4, figure 1). In subjects with aMCI, none of the biomarkers predicted 

change in memory score or overall cognition (figure 1, supplemental table e-2). In subjects 

with naMCI, CSF Aβ1-42, tau, and Aβ1-42/tau ratio predicted decline in memory and overall 

cognition, with only a trend for CSF Aβ1-42 (figure 1, supplemental table e-2). Results remained 

similar after exclusion of subjects who progressed to no-AD dementias. Slopes did not differ 

between aMCI-SD and aMCI-MD, except for APOE-e4 and decline on the MMSE and the CSF 

ratio and decline in memory (data not shown). 
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Table 1. Baseline characteristics of subjects with aMCI and naMCI

naMCI 
(n=226)

aMCI 
(n=399)

aMCI single 
domain (n=174)

aMCI multi 
domain (n=225)

Age 70.7 (7.6) 70.7 (7.8) 70.3 (7.6) 71.0 (8.0)

 Female, n 111 (49%) 224 (56%) 76 (44%)‡ 148 (66%)**

Years of education 10.0 (4.1) 10.2 (3.9) 10.8 (3.5)¶ 9.8 (4.1)

CDR-SOB 1.1 (1.0) 1.3 (1.0) 1.2 (1.0) 1.4 (1.0)*

 MMSE 27.5 (2.1) 26.5 (2.5)*** 27.1 (2.2)‡ 26.1 (2.6)***

Memory score (z-score) -0.3 (0.7) -2.0 (0.6)*** -1.8 (0.5)***‡ -2.1 (0.6)***

Verbal fluency (z-score) -0.6 (1.2) -0.8 (1.2) -0.3 (1.0)**‡ -1.2 (1.2)***

TMT part A (z-score) -1.2 (1.7) -0.8 (1.6)* 0.1 (0.8)***‡ -1.5 (1.8)

TMT part B (z-score) -1.5 (1.9) -1.2 (1.9) 0.04 (0.8)***‡ -2.2 (1.9)***

Visuoconstruction (z-score) -0.1 (1.3) 0.1 (1.1) 0.6 (0.7)***‡ - 0.2 (1.2)

Aβ1-42, pg/ml 624 (283) 550 (267)** 589 (270) 512 (261)*

Tau, pg/ml 427 (261)  524 (322)* 533 (300)*  488 (241)

Ratio Aβ1-42 /tau 0.96 (0.6) 0.78 (0.5)* 0.84 (0.5) 0.73 (0.5)*

Hippocampal volume, cm3 5.89 (0.7) 5.55 (0.8)*** 5.59 (0.8)** 5.53 (0.8)***

APOE-e4, n 73 (40%)  158 (47%) 79 (54%)*¶ 79 (41%)

Hypertension, n 97 (47%) 144 (41%) 50 (34%)*¶ 94 (46%)

Hypercholesterol, n 56 (27%) 116 (33%) 39 (27%)¶ 77 (38%)*

White matter hyperintensities, n 60 (37%) 79 (30%) 37 (29%) 42 (31%)

Follow-up, n 192 (85%) 346 (87%) 155 (89%) 191 (85%)

AD conversion rate, n 39 (20%) 132 (38%)*** 45 (29%)† 87 (46%)***

No-AD dementia conversion rate, n 15 (8%) 17 (5%) 3 (2%) 14 (7%)

Time to AD, y 1.9 (1.1) 1.9 (1.0) 2.2 (1.2) 1.8 (1.0)

Follow-up time non-converters and 
no-AD dementia converters, y

2.6 (1.0) 2.4 (1.0) 2.4 (1.0) 2.3 (1.0)

Data are mean (SD), unless specified otherwise. Sample size APOE: aMCI n=339, naMCI n=184; hippocampal 
volume: aMCI n=241, naMCI n=147; CSF: aMCI n=156, naMCI n=75; blood pressure: aMCI n= 353, naMCI n=205; 
cholesterol: aMCI n=351, naMCI n=204; white matter lesions: aMCI n=260, naMCI n=164. aMCI=amnestic mild 
cognitive impairment, naMCI=non-amnestic mild cognitive impairment, single=single domain impaired 
(memory), multi=multiple domains impaired, CDR-SOB=Clinical Dementia Rating Scale Sum of Boxes, 
MMSE=Mini-Mental State Examination, TMT=trail making test, Aβ1-42=beta amyloid 1-42, APOE=apolipoprotein 
E, AD=Alzheimer’s disease. *P<0.05, **p<0.01, ***p<0.001 for aMCI all, single aMCI or multi aMCI compared to 
naMCI; ¶p<0.05, †p<0.01, ‡p<0.001 for aMCI single domain compared to aMCI multi domain.
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Table 2. Predictive accuracy of biomarkers for AD-type dementia 

Biomarkers Group
HR for continuous 
predictor variable P-value

HR for dichotomous 
predictor variable P-value

CSF Aβ1-42 naMCI 1.8 (1.0-3.1) 0.034 3.3 (1.4-7.9) 0.008

aMCI 1.7 (1.3-2.2) <0.001 3.5 (2.0-6.3) <0.001

aMCI single 2.0 (1.4-3.0) <0.001 3.8 (1.6-9.0) 0.002

aMCI multi 1.7 (1.1-2.4) 0.007 3.2 (1.4-7.4) 0.005

CSF t-tau naMCI 2.7 (1.6-4.6) <0.001 5.2 (2.1-13) <0.001

aMCI 2.1 (1.5-2.9) <0.001 3.0 (1.7-5.3) <0.001

aMCI single 2.6 (1.5-4.5) 0.001 3.9 (1.6-9.9) 0.004

aMCI multi 2.0 (1.2-3.4) 0.006 2.2 (1.0-7.4) 0.034

CSF ratio naMCI 2.6 (1.6-4.4) <0.001 7.1 (1.6-31) 0.009

aMCI 2.0 (1.6-2.6) <0.001 14 (3.4-58) <0.001

aMCI single 2.1 (1.5-3.0) <0.001 17 (2.3-127) 0.006

aMCI multi 2.5 (1.6-3.8) <0.001 12 (1.5-87) 0.018

HCV naMCI 2.1 (1.1-3.8) 0.016 2.3 (0.9-6.0) 0.085

aMCI 1.6 (1.3-2.1) <0.001 3.0 (1.8-4.9) <0001

aMCI single 1.4 (0.9-2.1) 0.107 2.2 (1.0-4.8) 0.045

aMCI multi 1.8 (1.3-2.5) <0.001 3.1 (1.6-6.0) 0.001

APOE-e4 naMCI - 1.9 (0.9-3.9) 0.085

aMCI - 1.8 (1.2-2.6) 0.003

aMCI single    - 5.6 (2.2-14) <0.001

aMCI multi    - 1.3 (0.8-2.1) 0.215

Data are hazard ratios (95%CI), corrected for age, gender, and education. Scores were dichotomized based 
on prespecified cut-offs (see methods). AD=Alzheimer’s disease, aMCI=amnestic mild cognitive impairment, 
naMCI=non-amnestic mild cognitive impairment, CSF=cerebrospinal fluid, Aβ1-42=beta amyloid 1-42, 
HCV=hippocampal volume, APOE=apolipoprotein E. Hazard ratio aMCI vs naMCI: all p>0.12.

82

CHAPTER 3.2



Table 3. Predictive accuracy for AD-type dementia after 2 years

Markers Groupa Odds ratiob Sensitivity Specificity PPV NPV

CSF Aβ1-42 naMCI 5.8 (1.3-25)* 0.55 (0.33-0.77) 0.71 (0.57-0.85) 0.48 (0.27-0.68) 0.76 (0.63-0.90)

aMCI 4.6 (2.1-10)‡ 0.75 (0.64-0.87) 0.58 (0.47-0.69) 0.56 (0.44-0.67) 0.78 (0.67-0.88)

CSF tau naMCI 5.4 (1.4-21)* 0.60 (0.39-0.81) 0.78 (0.65-0.91) 0.57 (0.36-0.78) 0.80 (0.68-0.92)

aMCI 4.5 (2.1-9.9)‡ 0.74 (0.62-0.85) 0.61 (0.50-0.72)¥ 0.57 (0.45-0.68) 0.77 (0.66-0.88)

CSF Aβ1-42/tau ratio naMCI 9.9 (1.6-60)* 0.90 (0.77-1.00) 0.54 (0.38-0.69) 0.49 (0.33-0.65) 0.92 (0.81-1.00)

aMCI 33 (4.3-257)† 0.98 (0.94-1.00) 0.38 (0.27-0.48) 0.52 (0.42-0.62) 0.97 (0.90-1.00)

HCV naMCI 3.6 (1.1-12)* 0.39 (0.16-0.61) 0.88 (0.82-0.95) 0.39 (0.16-0.61) 0.88 (0.82-0.95)

aMCI 4.1 (2.1 -8.0)‡ 0.63 (0.51-0.74) 0.72 (0.64-0.80)¥ 0.55 (0.43-0.66) 0.78 (0.70-0.86)

APOE-e4 naMCI 1.8 (0.7-4.7) 0.56 (0.37-0.74) 0.62 (0.53-0.71) 0.25 (0.14-0.35) 0.86 (0.79-0.93)

aMCI 1.8 (1.1-3.0)* 0.56 (0.46-0.66) 0.57 (0.49-0.64) 0.40 (0.32-0.49) 0.71 (0.64-0.79)

Results are presented with 95% confidence intervals. Scores were dichotomized based on prespecified cut-offs 
(see methods). Subjects with a follow-up less than 1.5 years were excluded for these analyses. aGroup size is 
different for all measures: CSF: aMCI n=130, naMCI n=61; HCV: aMCI n=181, naMCI n=111; APOE: aMCI n=274, naMCI 
n=148. bOdds ratios are corrected for age, gender, and education. AD=Alzheimer’s disease, aMCI=amnestic 
mild cognitive impairment, naMCI=non-amnestic mild cognitive impairment, PPV=positive predictive value, 
NPV=negative predictive value, CSF=cerebrospinal fluid, Aβ1-42=beta amyloid 1-42, HCV=hippocampal volume, 
APOE=apolipoprotein E genotype. *P<0.05. †p<0.01, ‡p<0.001. ¥P<0.05 compared to naMCI.

Table 4. Annual decline on the MMSE according to biomarker scores

Biomarker

naMCI aMCI

Normal
biomarker

Abnormal
biomarker P-value

Normal
biomarker

Abnormal
biomarker P-value

CSF Aβ1-42 Baseline 27.6 (0.37) 27.3 (0.45) 0.60 26.5 (0.37) 26.0 (0.35) 0.29

Slope -0.29 (0.16) -0.30 (0.19) 0.96 -0.70 (0.14)‡ -1.12 (0.16)‡ 0.05

CSF t-tau Baseline 27.6 (0.31) 27.2 (0.48) 0.50 26.8 (0.35) 25.5 (0.33) 0.009

Slope 0.01 (0.13) -1.12 (0.22)‡ <0.001 -0.54 (0.16)† -1.14 (0.14)‡ 0.005

CSF ratio Baseline 27.6 (0.44) 27.3 (0.38) 0.64 27.1 (0.49) 25.9 (0.28) 0.03

Slope 0.04 (0.17) -0.59 (0.16)‡ 0.007 -0.24 (0.22) -1.07 (0.12)‡ 0.001

HCV Baseline 27.7 (0.23) 27.4 (0.45) 0.59 27.0 (0.26) 26.0 (0.31) 0.02

Slope -0.17 (0.09) -0.70 (0.22)† 0.03 -0.65 (0.12)‡ -1.12 (0.14)‡ 0.01

APOE-e4 Baseline 27.9 (0.22) 27.6 (0.27) 0.46 27.0 (0.22) 26.2 (0.23) 0.01

Slope -0.17 (0.09) -0.42 (0.10)‡ 0.06 -0.60 (0.09)‡ -0.95 (0.08)‡ 0.005

Data are slopes (SE) of MMSE corrected for age, gender, and education. Scores were dichotomized based on 
prespecified cut-offs (see methods). Sample size: CSF: aMCI n=145, naMCI n=69; HCV: aMCI n=206, naMCI 
n=123; APOE: aMCI n=300;  naMCI n=164. MMSE=Mini Mental State Examination, aMCI=amnestic mild cognitive 
impairment, naMCI=non-amnestic mild cognitive impairment, CSF=cerebrospinal fluid, Aβ1-42=beta amyloid 
1-42, HCV=hippocampal volume, APOE=apolipoprotein E. †P<0.01, ‡p<0.001.
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Figure 1. Annual decline on MMSE and memory scores in subjects with aMCI and naMCI by biomarker 
scores. The figure shows slopes of MMSE scores (left) and memory z-scores (right) for subjects with aMCI 
and naMCI according to baseline biomarker profiles of CSF Aβ1-42, CSF tau, CSF Aβ1-42/tau ratio, HCV, 
and APOE genotype. Red solid lines (squares) represent subjects with aMCI and a normal biomarker score; 
Red dotted lines (squares) represent subjects with aMCI and an abnormal biomarker score; Blue solid lines 
(triangles) represent subjects with naMCI and a normal biomarker score; Blue dotted lines (triangles) 
represent subjects with naMCI and an abnormal biomarker score. aMCI=amnestic mild cognitive 
impairment; naMCI=non-amnestic mild cognitive impairment; MMSE=Mini-Mental State Examination; 
Aβ1-42=beta amyloid 1-42; HCV=hippocampal volume; APOE=apolipoprotein E. 
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Post-hoc analyses 

Since CSF and MRI biomarker scores differed between subjects with aMCI and naMCI, we calculated 

subgroup specific cut-offs. In each MCI group, we defined a cut-off point that maximized the Youden 

index for the prediction of AD-type dementia after 2 years. For subjects with aMCI, the cut-offs were 

similar to the prespecified cut-offs, except for the CSF Aβ1-42/tau ratio for which a lower cut-off was 

selected. For subjects with naMCI, the optimal cut-offs for CSF Aβ1-42 and HCV were substantially 

different from the prespecified cut-offs (supplemental table e-3). Using these cut-off points, the 

odds ratio remained similar to the predictive accuracy using the prespecified cut-offs. The sensitivity 

increased, but at the cost of a decrease in specificity (supplemental table e-3). 

DISCUSSION
This study tested the predictive accuracy of CSF markers, MRI markers and APOE genotype for 

AD-type dementia in subjects with naMCI. We found that the predictive accuracy was similar 

to that in subjects with aMCI. Biomarkers also predicted decline on the MMSE in both MCI 

groups and decline in memory and overall cognition in subjects with naMCI. While there are 

differences in the relationship of biomarkers to outcome in aMCI and naMCI, our findings 

suggest that the symptomatic manifestations of the AD pathophysiological process is broader 

than the amnestic presentation at the MCI stage and also includes non-amnestic MCI.

Although the overall predictive accuracy for AD-type dementia was similar for subjects with aMCI 

and naMCI, sensitivity of CSF and MRI markers was higher and specificity lower in subjects with 

aMCI. While most of the differences in sensitivity and specificity between MCI subtypes were not 

statistically significant, they may be clinically relevant when biomarker cut-offs are applied to 

define abnormal AD markers and predict clinical progression. Differences were observed because 

subjects with aMCI had more abnormal biomarker scores than subjects with naMCI. The finding 

that subjects with naMCI and AD-type dementia at follow-up had less abnormal amyloid markers 

than subjects with aMCI and AD-type dementia is remarkable. This suggests that subjects with 

naMCI may have comorbidity, for example vascular lesions, such that less Alzheimer pathology 

is needed to reach the dementia threshold.26 However, post-hoc analyses showed no difference 

in white matter hyperintensities, blood pressure, and cholesterol levels between subjects with 

naMCI and aMCI with AD-dementia at follow-up (supplemental table e-2). Alternatively, subjects 

with naMCI may be in an earlier stage of the disease. This would be supported by higher MMSE 

and cognitive scores, and larger HCV in subjects with naMCI at baseline. However, the time 

to dementia was the same in subjects with naMCI and aMCI. It is also possible that naMCI is an 

atypical presentation of AD with a different expression of amyloid pathology in CSF.

The biomarkers predicted decline on MMSE scores generally equally well in subjects with aMCI and 

naMCI. However, biomarkers predicted decline in memory and overall cognition only in subjects 

with naMCI but not in subjects with aMCI. This was probably because of floor effects on the memory 

tests in subjects with aMCI, which reduced the ability to detect further cognitive decline.

For dichotomized measures, CSF Aβ1-42/tau ratio was the best predictor for AD-type dementia 

in each MCI subgroup. This is consistent with recent meta-analyses that showed that the 
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combination of these markers is a better predictor than each separate CSF marker and that 

the odds ratio of APOE genotype for AD-type dementia is lower than that of CSF and MRI 

measures.27,28 The odds ratio for AD-type dementia of the CSF ratio in subjects with aMCI was 

very high (>30). However, because only one subject with AD at follow-up had a normal ratio, the 

95% confidence interval was very wide, which limits the interpretation of this finding.

The observation that APOE-ε4 frequency was similar between subjects with aMCI and naMCI 

is inconsistent with previous studies showing that the absence of APOE-ε4 is related to less 

memory impairment.29 It is possible that subjects with naMCI in our study have had a late onset 

of memory impairment as we found that subjects with naMCI and abnormal AD biomarkers 

showed a rapid decline in memory at follow-up.

Progression rate to AD-type dementia was higher in aMCI than in naMCI while progression to 

no-AD dementia was similar for MCI subtypes, which is in line with a previous study.30 This made 

also the ratio of AD dementia converters to no-AD dementia converters different between the 

groups (p=0.005).

Our study had several limitations. As the findings were based on memory clinic populations, 

they may not be generalized to other settings. Biomarkers were analyzed in different subgroups 

which optimized statistical power for each analysis but which limited the opportunity to 

compare the predictive accuracy between biomarkers since differences in accuracy could result 

from differences in subject characteristics. For the main objective of our study, however, this 

was not a limitation as we aimed to compare the predictive accuracy between MCI subtypes 

for each biomarker. Moreover, post-hoc analysis in subjects with all biomarkers available (aMCI 

n=91, naMCI n=42) showed that biomarkers had a generally similar hazard ratio for AD-type 

dementia compared to the analysis in the total sample. There was variability in scanners used, 

which may have influenced the volumetric measurements and predictive accuracy of the HCV. 

Nevertheless, the LEAP approach has been shown to be robust for scanner variability.20 In 

addition, the diagnosis of AD-type dementia at follow-up was not neuropathologically validated. 

This may have led to misclassification. The major strengths of this study were the large sample 

size and relatively long follow-up period. However, not all subjects had a 5-year follow-up. 

Furthermore, the multicenter design favors generalization to other memory clinic settings. 

Our findings suggest that AD biomarkers are useful to predict AD-type dementia both in 

subjects with aMCI and naMCI. The differences in sensitivity and specificity for AD-type 

dementia may have important implications for clinical implementation of the NIA-AA criteria 

and AD trial design. AD biomarkers, and especially CSF Aβ1-42 levels, may not be as sensitive 

for early diagnosis of AD in subjects with naMCI compared to aMCI when the same cut-offs are 

applied in each subgroup. More lenient cut-offs may optimize the sensitivity in subjects with 

naMCI, however, at the expense of a decrease in specificity. Longitudinal biomarker studies 

are needed to investigate the change in biomarkers over time to clarify the pathology and 

prognosis of subjects with naMCI. 
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Table e-1. Baseline characteristics of subjects with aMCI and naMCI by outcome after 2 years

naMCI aMCI

No AD 
(n=161)

AD  
(n=31)

P-value  
No AD vs. AD

No AD 
(n=236)

AD  
(n=110)

P-value  
No AD vs. AD

Age 69.2 (7.3) 75.2 (6.3) <0.001 69.8 (8.0) 71.9 (7.2)† 0.03

 Female, n 80 (50%) 13 (42%) NS 127 (54%) 68 (62%) NS

Years of education 9.8 (4.1) 10.8 (4.6) NS 10.4 (3.9) 10.4 (3.7) NS

CDR-SOB 1.1 (0.9) 1.3 (1.0) NS 1.2 (0.9) 1.5 (1.1) 0.02

MMSE 27.8 (1.9) 26.4 (2.2) 0.001 27.0 (2.3)‡ 25.6 (2.7) <0.001

Memory score (z-score) -0.2 (0.8) -0.6 (0.4) 0.001 -1.9 (0.6)‡ -2.1 (0.6)‡  0.04

Verbal fluency (z-score) -0.5 (1.3) -0.9 (0.9) 0.04 -0.6 (1.2) -1.1 (1.2)  <0.001

TMT part A (z-score) -1.2 (1.6) -1.2 (1.4) NS -0.6 (0.5)‡ -1.0 (1.7) NS

TMT part B (z-score) -1.4 (1.8) -1.7 (2.1) NS -1.0 (1.8)* -1.4 (1.8) NS

Visuoconstruction (z-score) -0.1 (1.3) 0.2 (1.2) NS 0.2 (1.1)* 0.1 (1.2) NS

Aβ1-42, pg/ml 685 (308) 526 (166) NS 630 (294) 415 (140)‡ <0.001

Tau, pg/ml 359 (216) 632 (287) <0.001 437 (246)* 694 (385) <0.001

Ratio Aβ1-42/tau 1.15 (0.6) 0.61 (0.3) <0.001 0.97 (0.6)* 0.45 (0.2)* <0.001

Hippocampal volume, cm3 6.03 (0.7) 5.43 (0.4) 0.002 5.71 (0.8)‡ 5.23 (0.7) <0.001

APOE-e4, n 50 (37%) 15 (56%) 0.03 86 (42%)  53 (56%) 0.008

Hypertension, n 73 (48%) 11 (42%) NS 84 (39%) 42 (45%) NS

Hypercholesterol, n 47 (31%) 1 (4%) 0.003 81 (38%) 22 (24%)* 0.025

White matter hyperintensities, n 47 (40%) 5 (23%) NS 48 (32%) 18 (26%) NS

Data are mean (SD), unless specified otherwise. Results were corrected for center. P-values are reported for 
subjects with no AD versus AD at follow-up within each MCI group. Sample size: CSF: aMCI n=145, naMCI n=69; 
hippocampal volume: aMCI n=206, naMCI n=123; APOE: aMCI n=300, naMCI n=164; blood pressure: aMCI 
n= 309, naMCI n=177; cholesterol: aMCI n=307, naMCI n=176; white matter lesions: aMCI n=222, naMCI n=139. 
aMCI=amnestic mild cognitive impairment; naMCI=non-amnestic mild cognitive impairment; AD=Alzheimer’s 
disease, CDR-SOB=Clinical Dementia Rating Sum of Boxes; MMSE=Mini-Mental State Examination; TMT=trail 
making test; Aβ1-42=beta amyloid 1-42; APOE=apolipoprotein E genotype. NS=not statistically significant with 
alpha=0.05. *P<0.05, †p<0.01 ‡p<0.001 for aMCI-no AD vs. naMCI-no AD or for aMCI-AD vs. naMCI-AD.
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Table-e2. Annual decline in memory and overall cognition according to biomarker scores

Biomarker

naMCI aMCI

Normal 
biomarker

Abnormal 
biomarker P-value

Normal 
biomarker

Abnormal 
biomarker P-value

a. Memory CSF Aβ1-42 Baseline -0.44 (0.17) -0.57 (0.20) 0.63 -1.90 (0.08) -2.06 (0.08) 0.16

Slope 0.02 (0.07) -0.20 (0.10) 0.07 -0.05 (0.04) -0.07 (0.03)* 0.59

CSF t-tau Baseline -0.54 (0.16) -0.44 (0.23) 0.73 -1.85 (0.07) -2.13 (0.08) 0.01

Slope 0.07 (0.06) -0.28 (0.10)† 0.004 -0.04 (0.03) -0.08 (0.03)* 0.42

CSF ratio Baseline -0.47 (0.20) -0.45 (0.17) 0.94 -1.75 (0.11) -2.06 (0.07) 0.02

Slope 0.07 (0.08) -0.20 (0.08)† 0.01 0.004 (0.05) -0.07 (0.03)† 0.16

HCV Baseline -0.35 (0.09) -0.69 (0.18) 0.09 -1.73 (0.05) -2.06 (0.07) <0.001

Slope 0.02 (0.04) -0.07 (0.07) 0.27 -0.08 (0.03)† -0.10 (0.04)† 0.66

APOE-e4 Baseline -0.52 (0.09) -0.37 (0.11) 0.30 -1.91 (0.05) -2.03 (0.06) 0.11

Slope 0.09 (0.04)* -0.001 (0.04) 0.13 -0.05 (0.03)* -0.04 (0.03) 0.67

b. Overall 
Cognition

CSF Aβ1-42 Baseline -0.52 (0.11) -0.70 (0.13) 0.26 -0.77 (0.09) -1.14 (0.09) 0.004

Slope -0.08 (0.05) -0.23 (0.07)† 0.09 -0.14 (0.04)‡ -0.15 (0.03)‡ 0.85

CSF t-tau Baseline -0.58 (0.10) -0.64 (0.15) 0.72 -0.89 (0.09) -1.03 (0.09) 0.28

Slope -0.05 (0.05) -0.28 (0.07)‡ 0.01 -0.10 (0.04)† -0.19 (0.03)‡ 0.07

CSF ratio Baseline -0.61 (0.14) -0.57 (0.11) 0.81 -0.71 (0.13) -1.04 (0.08) 0.03

Slope -0.01 (0.06) -0.22 (0.05)‡ 0.007 -0.12 (0.05)* -0.15 (0.03)‡ 0.52

HCV Baseline -0.84 (0.07) -0.67 (0.14) 0.31 -1.02 (0.07) -1.03 (0.08) 0.91

Slope -0.05 (0.03) -0.15 (0.05)† 0.09 -0.16 (0.03)‡ -0.16 (0.04)‡ 0.98

APOE-e4 Baseline -0.80 (0.06) -0.64 (0.08) 0.13 -1.20 (0.06) -1.05 (0.06) 0.09

Slope -0.01 (0.03) -0.03 (0.03) 0.66 -0.10 (0.03)‡ -0.12 (0.02)‡ 0.59

Data are slopes (SE) of memory (a) and cognitive composite score (b), corrected for age, gender, and 
education. Scores were dichotomized based on prespecified cut-offs (see methods). Group size is different for 
biomarkers: CSF: aMCI n=145, naMCI n=69; HCV: aMCI n=206, naMCI n=123; APOE: aMCI n=300, naMCI n=164. 
CSF=Cerebrospinal fluid, HCV=Hippocampal volume, aMCI=Amnestic mild cognitive impairment, naMCI=non-
amnestic mild cognitive impairment, APOE=apolipoprotein E. *P<0.05, †p<0.01, ‡p<0.001.

90

CHAPTER 3.2



Table e-3. Predictive accuracy of AD markers after 2 years with subgroup-specific cut-offs in subjects with 
aMCI and naMCI

Biomarker Groupa Cut-off Odds ratiob Sensitivity Specificity PPV NPV

CSF Aβ1-42 naMCI 630 5.1 (1.2-21)* 0.75 (0.56-0.94) 0.59 (0.43-0.74) 0.47 (0.30-0.64) 0.83 (0.69-0.97)

aMCI 496 4.2 (1.9-9.0)‡ 0.74 (0.62-0.85) 0.58 (0.47-0.69) 0.55 (0.43-0.67) 0.76 (0.65-0.87)

CSF tau naMCI 459 6.8 (1.7-28)† 0.65 (0.44-0.86) 0.78 (0.65-0.91) 0.59 (0.39-0.80) 0.82 (0.70-0.94)

aMCI 491 5.2 (2.4-11)‡ 0.72 (0.60-0.84) 0.66 (0.56-0.77) 0.59 (0.47-0.71) 0.77 (0.67-0.87)

CSF Aβ1-42/
tau ratio 

naMCI 0.91 10 (2.1-48)† 0.85 (0.69-1.00) 0.66 (0.51-0.80) 0.55 (0.37-0.72) 0.90 (0.79-1.00)

aMCI 0.52 8.2 (3.6-19)‡ 0.75 (0.64-0.87) 0.71 (0.61-0.82) 0.65 (0.53-0.76) 0.81 (0.72-0.90)

HCV naMCI 5.81 3.8 (1.1-13)* 0.78 (0.59-0.97) 0.59 (0.49-0.69) 0.27 (0.15-0.39) 0.93 (0.87-1.00)

aMCI 5.30 3.6 (1.8-7.0)‡ 0.59 (0.47-0.71) 0.72 (0.64-0.80) 0.54 (0.42-0.65) 0.76 (0.68-0.84)

Results are presented with 95% confidence intervals. Subjects with a follow-up less than 1.5 years were excluded 
for these analyses. aSample size: CSF: aMCI n=130, naMCI n=61; HCV: aMCI n=181, naMCI n=111; APOE: aMCI 
n=274, naMCI n=148. bOdds ratios are corrected for age, gender, and education. AD=Alzheimer’s disease, 
aMCI=amnestic mild cognitive impairment, naMCI=non-amnestic mild cognitive impairment, PPV=positive 
predictive value, NPV=negative predictive value, CSF=cerebrospinal fluid, Aβ1-42=beta amyloid 1-42, 
HCV=hippocampal volume.*P<0.01, †p<0.01, ‡p<0.001.
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