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aBstract
Objective: to study csf biomarkers amyloid-beta 1-42 (ab42) and total tau (tau) in 
relation to apoe genotype in their ability to predict progression from mild cognitive 
impairment (mci) to alzheimer’s disease (ad).
Methods: in 100 mci patients csf ab42, tau and apoe genotype were determined. 
at follow-up of 18(13-24) months 58 patients remained non-progressive and 42 
progressed to ad.
Results: cox proportional hazards models showed an interaction between ab42 and 
apoe genotype (p<0.05). stratification for apoe revealed hr(95% ci) for abnormal 
ab42 of 8.2(2.1-31.9) for ε4 non-carriers, 3.9(0.8-18.5) for heterozygotes and 0.3(0.0-
1.7) for homozygotes. inversely, stratification for ab42 revealed that in patients with 
normal levels of ab42, ε4 homozygotes had a strongly increased risk of progression 
to ad with hr(95%ci) 20.8(2.4-182.8). tau and apoe independently predicted 
progression to ad.
Conclusions: ab42 was a stronger predictor of progression to ad in apoe ε4 non-
carriers than in carriers. furthermore, the risk of progression for ε4 homozygotes was 
very high, also in patients with normal levels of ab42.
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introduction
alzheimer’s disease (ad) is the most common form of dementia. patients with mild 
cognitive impairment (mci) do not have overt dementia and are not cognitively normal 
for age either.1 a substantial proportion of mci patients will progress to dementia, 
mostly ad, during follow-up.2 adequate identification of mci patients prone to 
develop ad is essential to patients and their caregivers, and will become even more 
important when new drug candidates prove to have disease arresting effects. 

the neuropathological hallmarks of ad are progressive accumulation of plaques 
with amyloid-beta and neurofibrillary tangles containing (phosphorylated) tau.3 in ad, 
levels of csf amyloid-beta 1-42 (ab42) are decreased, whereas levels of total tau 
(tau) are increased. csf ab42 and tau have been proven sensitive and specific in the 
diagnosis of ad, and are thought to reflect pathology.4,5 pathological changes like 
plaques and tangle formations are present before the onset of clinical dementia and 
csf changes can already be detected in patients with mci who will progress to ad.6-8

Besides age, the apoe ε4 genotype is an important risk factor for ad.9 apoe 
ε4 genotype has been associated with an increased rate and extent of amyloid-beta 
deposition in post-mortem studies.9,10 this seems a possible pathological pathway for 
the apoe ε4 genotype as risk factor.11 furthermore, this genotype has been related 
to cardiovascular problems, increased inflammation and decreased plasticity of the 
brain.12-14

apoe ε4 genotype and abnormal csf biomarkers have both been described as 
predictors of cognitive decline in mci patients.15,16 in the current study, we aimed to 
examine the combined value of the csf levels of ab42 and tau in relation to apoe ε4 
genotype, as predictors for progression to ad in a group of mci patients. 

methods

study population
in the period between January 2001 and may 2008, 153 patients with available csf 
results and apoe ε4 genotyping were diagnosed with mci in our memory clinic. of 107 
of these mci patients we had follow-up data. patients underwent a standardized clinical 
assessment, including medical history, physical, neurological and neuropsychological 
examination including mini-mental state examination (mmse), laboratory tests, eeg and 
brain mri as described earlier.15 of all patients we had information about education 
defined in the Verhage scale.17 at least one follow-up investigation was performed in all 
mci patients. follow-up time was defined as the time until date of dementia diagnosis 
(in case of progression to dementia) or until the last visit to the memory clinic (in case 
of non-progressive mci). the median follow-up period was 18 (iQr 13-24) months. the 
initial and follow-up diagnoses were made by consensus in a multidisciplinary team. 
criteria of petersen and co-workers were used for mci.1 at follow-up, nincds-adrda 
criteria were used for ad.3 of the 107 mci patients with clinical follow-up, 58 remained 
non-progressive and 42 progressed to ad. three patients progressed to frontotemporal 
lobar degeneration,18 2 to vascular dementia,19 1 to dementia with lewy bodies, 20 and 
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1 developed dementia due to normal pressure hydrocephalus. these patients were 
excluded from this study, resulting in a total number of 100 patients that were included 
in the analysis. the baseline characteristics of the 100 patients included in our analysis 
did not differ from the baseline characteristics of the mci patients without clinical 
follow-up. the study was approved by the local ethical review board and all subjects 
gave written informed consent.

csf analysis
csf was obtained by lumbar puncture between the l3/l4 or l4/l5 intervertebral 
space, using a 25-gauge needle, and collected in 10 ml polypropylene tubes. Within 
two hours, csf samples were centrifuged at 1800 x g for 10 minutes in 4 °c. a small 
amount of csf was used for routine analysis, including total cells (leucocytes and 
erythrocytes), total protein and glucose. csf was aliquoted in polypropylene tubes of 
0.5 or 1 ml and stored at -80˚c until further analysis. csf ab42 and tau were measured 
with innotest sandwich elisa as described previously.21 as the manufacturer does not 
supply controls, the performance of the assays was monitored with pools of surplus 
csf specimens. in the study period multiple specimens with various concentrations, 
which were included in 7 to 18 runs, have been used for this purpose. the inter-assay 
coefficient of variation (mean±sd) was 11.3±4.9% for ab42 and 9.3±1.5% for tau. the 
team involved in the csf analysis was not aware of the clinical diagnoses. levels of 
csf ab42 <495 pg/ml and csf tau >356 pg/ml were considered abnormal.22

apoe genotyping
for apoe genotyping, dna was isolated from 10 ml edta blood by the Qiaamp 
dna blood isolation kit from Qiagen. the genotype was determined with the light 
cycler apoe mutation detection kit (roche diagnostics gmbh, mannheim, germany). 
subjects were classified as apoe ε4 non-carriers, apoe ε4 heterozygotes or apoe ε4 
homozygotes.

statistical analysis
for statistical analysis, spss version 15.0 (for Windows) was used. results are 
expressed as means (sd) unless indicated otherwise. frequency distributions for 
categorical variables were compared with chi-squared tests. student’s t-tests or 
analyses of Variance were used to compare age and mmse. mann-Whitney-u or 
kruskal-Wallis tests were used to compare duration of follow-up, education level and 
csf biomarker levels between groups. cox proportional hazards models were used 
to assess associations between csf biomarkers and apoe genotype (independent 
variables) and time to diagnosis of ad (dependent variable). in the first model we 
assessed the predictive value of ab42, tau (both dichotomized as normal or abnormal) 
and apoe genotype (non-carriers, ε4 heterozygotes, ε4 homozygotes) separately. 
in a second model, the combination of csf biomarkers and apoe genotype was 
evaluated (separate models for ab42 and tau): the csf biomarker and apoe genotype 
were entered simultaneously. if there was a significant interaction between the csf 
biomarker and apoe genotype, the interaction term (csf biomarker*apoe genotype) 
was also included in the model. to provide further insight in how the predictive value 
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of the csf biomarker was modified by apoe genotype and vice versa, the analysis 
was subsequently stratified (i.e. in case the interaction term csf biomarker*apoe 
genotype was significant). We first stratified by apoe genotype, and than by csf 
biomarker. all cox proportional hazards models were adjusted for age, sex and 
education level. data are presented as hazard ratios (hr’s) with accompanying 95% 
confidence interval (ci). a p-value <0.05 was considered significant.

results
Baseline characteristics of non-progressive and progressive mci patients are presented 
in table 1. non-progressive mci patients and mci patients who progressed to ad did 
not differ with respect to sex, age, mmse or duration of follow up. mci patients who 
progressed to ad were more often apoe ε4 homozygous carriers and less often ε4 non-
carriers than the non-progressors (p<0.005). the group of mci patients who progressed 
to ad had lower levels of csf ab42 and higher levels of csf tau than the group of 
non-progressive mci patients (p<0.001). in table 2 baseline characteristics by apoe 
genotype are shown. the proportion of mci patients progressing to ad increased with 

table 1. Baseline characteristics by follow-up diagnosis group

non-progressive mCI  
(n=58)

progressive mCI  
(n=42)

gender = female, n (%) 20 (35%) 21 (50%)

age, mean (sd) 67 (9) 69 (7)

mmse, mean (sd) 27 (2) 26 (3)

education level, (sd) 5 (1) 5 (1)

follow up period, months, median (iQr) 18 (12-25) 17 (13-24)

apoe ε4 non-carrier, n (%) 31 (53%) 12 (29%)

apoe ε4 heterozygote, n (%) 22 (38%) 17 (41%)

apoe ε4 homozygote, n (%) 5 (9%) 13 (31%)*

ab42, median (iQr) 608 (471-914) 405 (353-495)**

abnormal ab42, n (%) 16 (28%) 32 (76%)**

tau, median (iQr) 368 (216-523) 698 (462-908)**

abnormal tau, n (%) 29 (50%) 35 (83%)**

mci= mild cognitive impairment, mmse= mini-mental state examination, education defined in 
the Verhage scale,17 ab42= amyloid-beta 1-42, iQr= interquartile range, csf ab42 <495 pg/ml 
and csf tau >356 pg/ml were considered abnormal. for each patient group (non-progressive or 
progressive) the percentage per apoe genotype is given.  
* significant difference for distribution of apoe genotypes between non-progressive and 
progressive patients with linear-by-linear association (p<0.005)
** significant difference for comparisons between non-progressive and progressive patients 
(p<0.001)
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the number of apoe ε4 alleles (p<0.005). in addition, csf levels of ab42 were lower 
and tau levels were higher with an increasing number of ε4 alleles (p<0.001). 

cox proportional hazards models showed that, after adjustment for age, sex and 
education, abnormal ab42 was associated with a more than threefold increased risk 
of progression, while abnormal tau was associated with a five times increased risk of 
progression to ad (table 3, model 1). apoe ε4 genotype was a moderate predictor, 
with a 40% albeit non-significantly increased risk for the ε4 heterozygous and a 
threefold increased risk for the homozygous ε4 carriers. 

subsequently, we combined each csf biomarker with apoe genotype in model 2. 
abnormal csf tau and carriership of apoe ε4 independently predicted progression, 
without interaction. risk estimates remained in the same order of magnitude. combining 
ab42 and apoe genotype, we found an interaction (p<0.05). When the interaction 
term (ab42*apoe genotype) was included in the model, the risk of progression of both 
abnormal ab42 and apoe genotype increased (table 3). this implies that the predictive 
value of ab42 is strongest in the absence of apoe ε4, while the predictive value of 
apoe ε4 homozygosity is strongest in patients with normal ab42 values.

to further examine the interaction between apoe genotype and csf level of 
ab42, we then stratified the analysis by apoe genotype. as an illustration for these 
data we show ab42 levels by apoe genotype for mci non-progressors and mci 
progressors in figure 1. the predictive effect of abnormal ab42 was strongest for 
apoe ε4 non-carriers hr (95%ci) = 8.2 (2.1-31.9), and was lower for heterozygous 
3.9 (0.8-18.5) and homozygous 0.3 (0.0-1.7) ε4 carriers. subsequently, the analysis was 
stratified for ab42 level. for mci patients with normal levels of ab42, homozygous ε4 
carriers had a strongly increased risk of hr (95%ci) = 20.8 (2.4-182.8) compared to 
ε4 non-carriers. heterozygotes had a risk estimate of 1.6 (0.3-9.7), in comparison with 
non-carriers. for patients with abnormal levels of ab42 there was no added predictive 
value of apoe ε4 genotype (homozygotes: hr (95%ci) = 0.7 (0.2-1.8); heterozygotes: 

table 2. Baseline characteristics by apoe genotype

apOe ε4 
non-carriers
(n=43)

apOe ε4 
heterozygotes
(n=39)

apOe ε4 
homozygotes
(n=18)

gender = female, n (%) 14 (33%) 17 (44%) 10 (56%)

age, mean (sd) 68 (10) 69 (8) 69 (6)

mmse, mean (sd) 27 (2) 27 (3) 26 (2)

education level, (sd) 5 (2) 5 (1) 5 (1)

follow up period, months, median (iQr) 17 (12-26) 18 (13-24) 17 (12-25)

progression rate, n (%) 12 (28%) 17 (44%) 13 (72%)*

ab42, median (iQr) 686 (518-983) 441 (397-522) 384 (313-488)**

tau, median (iQr) 314 (198-522) 554 (397-891) 680 (427-902)**

* significant difference of progression rates between the apoe genotypes with linear-by-linear 
association (p<0.005); 
** significant difference for comparisons between the apoe genotypes (p<0.001)
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table 3. risk estimates for abnormal biomarker and progression to alzheimer’s disease in relation 
to apoe ε4 genotype

Biomarker
model 1
Separate

model 2
Combined

model 2*
Combined

abnormal ab42 3.2 (1.6-6.7) -  7.9 (2.4-26.3)

abnormal tau 5.2 (2.0-13.9)  4.9 (1.8-13.5) -

apoe ε4 heterozygote 1.4 (0.6-2.9) 0.9 (0.4-2.0) 1.1 (0.2-5.7)

apoe ε4 homozygote 3.1 (1.4-6.9) 2.1 (0.9-4.7) 10.1 (2.2-46.8)

cox proportional hazard models with duration of follow-up as time variable and progression 
to ad as dependent variable. data are presented as hazard ratios (hr) with 95% confidence 
interval (95%ci). csf ab42 <495 pg/ml and csf tau >356 pg/ml were considered abnormal. 
apoe was considered a categorical variable, with ε4 non-carriers as reference category. in model 
1, separate analyses were performed for each biomarker, with adjustment for age and sex. in 
model 2, apoe was entered simultaneously with a csf biomarker, corrected for sex, age and 
education (separate columns for tau and ab42). apoe and tau were independently related to 
progression to ad, without interaction. in the model containing apoe and ab42, there was a 
significant interaction between these two markers, and the interaction term was therefore added 
to the model.
* interaction term ab42 and apoe genotype p<0.05.m.kester Page 21 24-Oct-10 

Figure

n=31 n=12 n=22 n=17 n=5 n=13

Light grey: MCI non-progressors

Dark grey: MCI progressors

APOE ε4 non-carrier APOE ε4 heterozygotes APOE ε4 homozygotes

Figure 1. Box and whisker plots for ab42 levels in pg/ml per group of apoe genotype, with 
separate boxes for mci non-progressors and mci who progressed to ad. light grey boxes 
represent mci non-progressors and dark grey boxes represent mci-progressors.
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hr (95%ci) = 0.4 (0.1-1.1) in comparison to non-carriers). in summary, these data show 
that the majority of apoe ε4 homozygous mci patients progressed to ad, even when 
they had normal levels of ab42. conversely, the majority of patients with abnormal 
ab42 levels progressed to ad, even when they were apoe ε4 non-carrier. the added 
predictive value of ab42 levels was largest in the mci patients that did not carry the 
apoe ε4 allele. 

discussion
the main finding of this study was that the predictive value of csf ab42 for progression 
to ad was modified by apoe genotype. Besides, we confirm previous studies in which 
both ab42 and tau were good predictors for progression of mci to ad.6,8,15,16 apoe 
genotype appeared a moderate predictor, with a threefold increased risk for the ε4 
homozygotes and a 40% albeit not significantly increased risk for the ε4 heterozygotes. 

in this study we found that the added predictive value of abnormal ab42 levels 
for progression to ad was higher in apoe ε4 non-carriers than in apoe ε4 carriers. 
the risk of ad associated with abnormal ab42 was over eight times higher in the non-
carriers, it was fourfold (although not significantly) higher in heterozygotes, whereas 
there was no additional risk of ad associated with abnormal ab42 in the homozygote 
mci patients. conversely, the added value of apoe ε4 carriership was especially 
evident in patients with normal levels of ab42, with an over twenty times increased 
risk for progression of apoe ε4 homozygotes compared to non-carriers, while there 
was no added effect of the apoe genotype in patients with abnormal ab42 levels.

the results from this study may have implications for the use of csf biomarkers 
in the diagnostic work-up of dementia. tau and apoe genotype can be interpreted 
independently for the prediction of progression from mci to ad. however, our data 
lend support to the interpretation of csf ab42 levels in relation to apoe genotype. in 
apoe ε4 non-carriers, abnormal ab42 should make a clinician alert for pre-alzheimer’s 
disease, whereas normal csf biomarkers could be reassuring. in apoe ε4 carriers, 
especially homozygotes, the risk of developing ad is in general high, reducing the 
added value of csf biomarker levels. 

csf tau has been suggested to reflect the degree of neuronal damage.23-25 it is 
also elevated after a cerebrovascular accident or in creutzfeldt-Jakob disease. in our 
study the predictive value of tau was not modified by apoe genotype. this could be 
considered in agreement with the hypothesis that tau is a more general marker for 
brain damage. 

although it has been repeatedly shown that patients with apoe ε4 develop ad at 
a younger age,9 we did not find an age difference according to apoe ε4 genotype in 
our sample of mci patients. for mci patients, it has not been established that apoe 
ε4 carriers are younger than apoe ε4 non-carriers. mci is not the same as pre-ad: 
not all mci patients will progress to ad. conversely, not all ad patients pass through 
a phase of mci. our findings are in agreement with a former study reporting age per 
apoe genotype in a memory clinic cohort of mci patients which also showed no age 
difference between the apoe genotypes.26 a possible explanation for the lack of age 
difference is that older apoe ε4 non-carriers do not visit a memory clinic in an early 
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phase of the disease, due to the fact that they more often have non-memory cognitive 
problems.27 it could be considered as a limitation, that it is not completely clear to 
what extent csf biomarkers reflect cerebral pathology. a post-mortem study revealed 
very loose correlations between Braak stages and the csf biomarkers.28 however, in 
vivo amyloid imaging studies using pet showed that increased amyloid deposition was 
reflected by reduced levels of csf ab42.29,30 in this study we used cox proportional 
hazard models to predict progression of mci to ad. the advantage of this model 
is that it takes into account variability in time to event, correcting for differences in 
progression times. however, the process of progression is in reality a continuum, 
rendering any account of exact date of transition arbitrary to some extent, which could 
also be seen as a limitation. We have used the date of clinical ad diagnosis as the best 
possible approximation. these data most likely give information on how near patients 
with mci are to developing clinical ad.

the exact mechanism of apoe genotype, by which it acts as a risk factor for the 
development of ad, is unknown. apoe ε4 carriers usually have lower csf levels of 
ab42 than those lacking the ε4 allele.31 in our current study of mci patients, we also 
found that overall the levels of ab42 were lower in apoe ε4 carriers, especially among 
the homozygotes. this finding seems associated with an increased burden of amyloid 
plaques in the parenchyma of apoe ε4 carrying healthy individuals compared to those 
who lack the ε4 allele, as has also been shown in amyloid imaging studies using piB 
pet.32 furthermore, the apoe ε4 genotype has been associated with an increased 
rate and extent of amyloid-beta deposition and neurofibrillary tau pathology in post-
mortem studies.9,10 this effect could be caused by a direct up-regulatory effect of 
apoe ε4 genotype on amyloid plaque formation.9,10,33 following this line of reasoning, 
we would have expected that the apoe ε4 genotype would be a confounder of the 
predictive effect of abnormal levels of csf ab42. however, in our data the apoe ε4 
genotype acts as an effect modifier, rather than as a confounder. the predictive effect 
of ab42 levels and apoe genotype are strongest when the effect of the other predictor 
is not there. hence, the predictive effect of low levels of ab42 is best in apoe ε4 non-
carriers, and there is hardly any added predictive effect in apoe ε4 homozygotes. 
conversely, the predictive effect of apoe ε4 genotype is best in patients with normal 
levels of ab42, and there is hardly any added predictive effect of the apoe genotype 
in patients with abnormal ab42 levels. 

there are several other hypotheses regarding the mechanism of apoe ε4 
genotype as risk factor for clinical ad. first, apoe ε4 genotype has been associated 
with an increased risk for cardiovascular problems, which in turn have been shown to 
be related to clinical ad.12,34 secondly, inflammation is seen as a contributor to ad 
pathology and has been shown to be dependent on apoe ε4 genotype.14,35,36 thirdly, 
recent studies showed that apoe ε4 mice models had an impaired synaptic plasticity 
in the cortex and hippocampus following environmental stimulation, in comparison 
to apoe ε3 mice, indicating that the apoe ε4 genotype seems less able to adjust 
its cognition to a more challenging environment.13 all of the above mentioned 
mechanisms may play a role for apoe ε4 carriers in the progression of mci to ad. 
an explanation for the more loose relation between progression and ab42 (and thus 
amyloid) in apoe ε4 homozygosity could be that other damage processes (vascular, 
inflammation and decreased plasticity) associated with apoe ε4 genotype also play 
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a role. the ad pathology could in a larger extent be multifactorial in the apoe ε4 
homozygous patients. 

our results may provide a glimpse into a future of more individually tailored therapy. 
the evolutionary ‘newer’ alleles ε2 and ε3 may be associated with improvements for 
humans compared to the ‘older’ ε4 allele. the ε2 and ε3 alleles are related to less 
amyloid pathology, but also with less cardiovascular problems, inflammation and 
increased neuroplasticity. it is conceivable that for apoe ε4 carriers (especially for 
homozygotes) therapeutic strategies should not solely focus on amyloid-beta plaque 
reduction, but also on managing other processes that are involved in ad as well. as 
an example, a recent publication describing risk reducing effect of nsaid for the 
development of ad, found that this effect was there only for those with the apoe ε4 
genotype.37 furthermore, it could imply that anti-amyloid therapy in humans is more 
effective in apoe ε4 non-carriers than in ε4 carriers.
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