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aBstract
Objective: in this longitudinal study we aimed to investigate the change over time in csf 
levels of amyloid-beta 40 and 42 (ab40 and ab42), total tau (tau), tau phosphorylated 
at threonine 181 (ptau-181), isoprostane, neurofilaments heavy (nfh) and light (nfl), in 
an attempt to identify biomarkers that reflect the course of alzheimer’s disease (ad).
Methods: twenty-four non-demented subjects, 62 patients with mild cognitive 
impairment (mci) and 68 ad patients underwent two lumbar punctures at our memory 
clinic, with minimum interval of 6 and a mean±sd of 24±13 months. csf biomarker 
levels were measured in baseline and follow-up samples, and linear mixed models 
were used to assess change over time. in addition, csf biomarker levels were related 
to clinical outcomes including conversion to ad and change in mmse.
Results: ad-specific csf biomarkers, ab42, tau and ptau-181, differentiated between 
diagnosis groups (p<0.05), whereas isoprostane, nfh and nfl did not. in contrast, 
effects of follow-up time were only found for non-specific csf biomarkers: levels of 
nfl decreased, and levels of isoprostane, ab40 and tau increased over time (p<0.05). 
isoprostane showed the largest increase over time. in addition, increase in isoprostane 
was associated with progression of mci to ad, and with cognitive decline as reflected 
by change in mmse.
Discussion: contrary to ad-specific markers, non-specific csf biomarkers, most 
notably isoprostane, showed change over time. these markers could potentially be 
used to monitor disease progression in ad. 
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introduction
major efforts are underway to investigate therapeutic strategies that have the potential 
to slow progression of alzheimer’s disease (ad). to evaluate the effect of these 
interventions, biological markers are needed that reflect progression of ad pathology.

the major pathological hallmarks of ad are senile plaques, containing beta amyloid 
and neurofibrillary tangles with microtubule-associated tau protein.1 csf biomarkers 
amyloid beta 1-42 (ab42), total tau (tau) and tau phosphorylated at threonine 181 
(ptau-181) reflect the neuropathology of ad and are useful as diagnostic markers for 
ad.2 several studies evaluated whether these markers could also be used as markers 
to monitor disease progression, but until now these biomarkers showed little effect in 
longitudinal settings.3-8 

the specific biomarkers, ab42, tau and ptau-181, seem less suitable as biomarkers 
for monitoring of disease progression. amyloid plaque deposition and tau tangle 
formation are early processes in ad, that may show little or no change later on.9 other, 
more general and thus less specific disease processes are increasingly considered to 
play a major role in advanced stages of the disease.10 oxidative stress damage is a 
process of neurotoxicity due to free radical mediated damage to cellular membranes, 
which probably also occurs in advanced stages of ad.11 isoprostane, an oxidative 
stress marker, therefore, could be a useful marker to monitor ad. in fact, a few small 
studies have shown increase over time in isoprostane.11-13 neurofilaments are released 
from damaged neurons. csf levels of neurofilaments have been shown to reflect the 
degree of neuronal degeneration and axonal loss in several neurological diseases.14,15 
few cross-sectional studies have shown increased levels of neurofilaments in ad,16,17 
and possibly changes in the levels of neurofilaments also reflect progression of the 
disease. furthermore, we hypothesized that csf amyloid beta n-40 (ab40) could be 
a biomarker for disease progression, since ab40 has been associated with solid, less 
diffuse, types of amyloid plaques, that generally develop in later stages of ad.18,19 

We aimed to assess longitudinal effects of csf biomarkers, in order to identify 
biomarkers that are useful to monitor disease progression. our panel of seven csf 
biomarkers included ab42, tau and ptau-181, and several less specific csf biomarkers, 
isoprostane, neurofilaments heavy (nfh), neurofilaments light (nfl) and ab40. We 
evaluated changes in csf biomarker levels over time, and associations of change in 
csf biomarker levels with change in mmse, in a large cohort of ad and mild cognitive 
impairment (mci) patients and non-demented subjects.

methods

patients
We included patients with ad (n=68), mci (n=62) and non-demented subjects (n=24) 
with csf at two time points. at baseline all patients underwent standard dementia 
screening including physical and neurological examination, laboratory tests, eeg 
and mri. cognitive screening included a mini-mental state examination (mmse), 
but usually involved comprehensive neuropsychological testing. the diagnosis of 
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probable ad was made according to nincds-adrda criteria.1 the diagnosis of mci 
was made according to petersen’s criteria.20 When the results of all examinations were 
normal, patients were considered to have subjective complaints. the non-demented 
subjects group consisted of 20 patients with subjective memory complaints, 2 patients 
with a psychiatric disorder and 2 patients with temporal epilepsy. diagnoses were 
made by consensus in a multidisciplinary team. the study was approved by the local 
ethical review board and all subjects gave written informed consent.

follow-up
at follow-up, patients were asked to undergo a second lumbar puncture (minimum 
interval 6 months). Within the mci group, 21 patients remained stable, and 34 
progressed to ad,1 3 to fronto-temporal lobar degeneration (ftld),21 2 to vascular 
dementia (Vad),22 1 to dementia with lewy Bodies (dlB)23 and 1 was diagnosed with 
normal pressure hydrocephalus. Within the 24 non-demented subjects, 6 patients with 
subjective complaints progressed to mci, 2 to ad and 1 to Vad, while 15 remained 
stable. We used the last available mmse to estimate cognitive decline over time 
(mmse at follow-up available in 19 non-demented, 55 mci and 56 ad).

csf analyses
csf was obtained by lumbar puncture, using a 25-gauge needle, and collected in 10 
ml polypropylene tubes. Within two hours, csf samples were centrifuged at 1800g 
for 10 minutes at 4˚c. csf was aliquoted in polypropylene tubes of 0.5 or 1ml and 
stored at -80˚c until further analysis. to circumvent inter-assay variability, baseline 
and follow-up samples were analyzed in the same assay.24,25 csf ab42, tau and ptau-
181 were measured with innotest luminex.26 intra-assay coefficients of variation (cV) 
were 5.1% for ab42, 3.4% for tau and 4.1% for ptau-181. inter-assay cV’s were 5.6% 
at 55 pg/ml and 5.5% at 133 pg/ml for ab42, 5.9% at 75 pg/ml and 6.4% at 215 pg/
ml for tau, and 4.4% at 30 pg/ml and 3.6% at 47 pg/ml for ptau-181 (n=10). ab40 
was measured with an in-house method.27 the detection limit was 0.39 ng/ml (3sd 
above background/%cV<20%). for ab40 intra-assay cV was 1.9%, and inter-assay 
cV was 10.7% at 4.71 ng/ml and 4.7% at 9.56 ng/ml (n=10). nfl was determined 
by elisa essentially as described before,28 however the first antibody was replaced 
by the in-house produced anti-neurofilament monoclonal antibody, clone 4f8. the 
detection limit was 0.095 ng/ml. for nfl intra-assay cV was 9.5% and inter-assay 
cV was 27.5% at 4.78 ng/ml (n=9). nfh was measured in an in-house developed 
multiplex assay. activated beads from Qiagen (hilden, germany) were covalently 
immobilized with an anti-neurofilament monoclonal antibody (9c9 generously 
provided by carsten korth, germany). after blocking durapore filter plates (hts 
screening plates, millipore) with pBs/1%Bsa/0.05% tween-20 and 50 ml of standard 
(nfh, progen), controls, csf samples, and blanks were incubated with a suspension of 
microspheres (2500 beads/well) coupled with the capturing antibody for 14-18 hours 
at 4°c on an orbital plate shaker (600rpm). all further incubations were performed 
under continuous shaking (600rpm) at room temperature. csf samples were diluted 5 
times in pBs/1% Bsa/6 mm edta. after washing with pBs/1%Bsa/0.05% tween-20, 
the wells were incubated with 25 ml of 1:1000 diluted anti-neurofilament polyclonal 
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antibody (#n4142, sigma, the netherlands). after washing, wells were incubated with 
50 ml of 1:200 diluted phycoerythrin labelled donkey-anti-rabbit-polyclonal antibody 
(Jackson immunoresearch). the plate was washed again and 100 ml reading solution 
(Bio-plex sheath fluid) was applied. the resulting fluorescence intensity signal on the 
specific bead was read with Bio-plex 200 system (Bio-rad, 50-100 microspheres). 
all analyses were performed in duplicate and normalized. detection limit for nfh was 
8.84 pg/ml ± 0.61. intra-assay cV was 5.7%, and inter-assay cV was 18.3.% at 1774 
pg/ml and 23.9% at 31131 pg/ml (n=9). the concentration of isoprostane (ipf2α-Vi) 
was determined by liquid chromatography tandem mass spectrometry (lc-ms/ms). 
in brief, 0.1 ml of 2 ng/ml deuterated internal standard (8ipf2α-d4; cayman chemical, 
us; cat. 316300) was added to 0.5 ml csf. Butylated hydroxytoluene (Bht) was added 
to a final concentration of 0.05% to prevent arachidonic acid from auto-oxidation 
during sample clean-up. then 0.5 ml of 2.6 m koh was added, and samples were 
incubated for 60 min at 40°c. afterwards, formic acid (20%) was added to adjust the 
ph to ~4.5, and the sample was loaded onto a solid phase extraction column (oasis 
hlB, Waters, us).29 the eluate was taken to dryness under a stream of nitrogen at 
room temperature, and the sample was redissolved in 100 µl 10% acetonitrile in water. 
isoprostane concentrations were quantified by a 4000 Qtrap (pe sciex, canada) mass 
spectrometer. to calculate the isoprostane concentration, the analyte/internal standard 
peak area ratio was compared with a standard curve from 2-16 ng/ml isoprostane 
(cayman; cat. 16300). intra-run cV was 4.8%, and inter-run cV 7.6% at 199 ng/ml and 
10.1% at 43 pg/ml (n=17). isoprostane was measured in 146 patients. 

statistical analysis
differences between diagnosis categories were assessed using anoVa with post hoc 
Bonferroni corrections or fisher exact test when applicable. pearson’s correlations 
were used to assess correlations between continuous variables. age and sex 
adjusted linear mixed models were applied to assess baseline effects for diagnosis 
and changes over time in csf biomarkers by diagnosis. the csf biomarkers (ab40, 
ab42, tau, ptau-181, nfl, nfh and isoprostane) were the dependent variables (each in 
separate model), while diagnosis (treated as categorical variable) and time (in years; 
treated as a continuous variable) and interaction between diagnosis and time were 
independent variables. diagnosis categories were recoded to be able to estimate 
b(se)’s for all diagnosis categories. a random intercept and random slope with time 
were assumed. for visualization purposes and to allow comparison of the effect sizes 
of the different csf biomarkers, standardized b’s were calculated with the formula 
b biomarker*sd time/sd biomarker. additional analyses were performed to analyze 
change in csf biomarker levels over time in relation to progression of mci. for this 
analysis patients with stable mci and patients that progressed from mci to ad were 
included. an age and sex adjusted mixed model was used with csf biomarkers (each 
in separate model) as dependent variable and mci subgroup (dummies for mci stable 
and mci progression), time, and the interaction between mci subgroups and time 
as independent variables. finally, for biomarkers that showed change over time, 
we calculated the annualized changes of csf biomarker level and mmse, with the 
formula value of measurement at follow-up minus value of measurement at baseline, 
divided by follow-up period in years. associations between annualized change in 
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csf biomarker levels and annualized change in mmse score were assessed using 
linear regression models (data available for 130 patients), adjusted for sex, age and 
diagnosis. statistical significance was set at p≤0.05.

results
table 1 presents the patient characteristics according to diagnosis. patients with ad 
had a lower score on baseline mmse, compared to non-demented subjects and mci 
patients. mean (sd) annual change in mmse was -0.4(1.0) for non-demented patients, 
-1.2(1.9) for mci patients and -2.2(1.9) for ad patients. at baseline there were no 
correlations between csf biomarker levels and storage time, but levels of isoprostane 
(r=0.20, p<0.05) and nfh (r=0.39, p<0.001) were positively correlated with age.

We used linear mixed models to investigate the effects of diagnosis and time on 
csf biomarker levels of ab42, tau, ptau-181, isoprostane, nfh, nfl and ab40. age 
and sex adjusted analyses were performed with diagnosis as categorical variable and 
time as continuous variable, with an interaction term for diagnosis*time. there was a 
main effect of diagnosis for ab42, tau, ptau-181 and ab40 at baseline, whereas the 
biomarkers isoprostane, nfh and nfl did not differentiate between diagnosis groups 
at baseline (table 2). 

change in csf biomarker levels over time, was found for isoprostane, nfh, nfl, 
ab40 and tau, but not for ab42 or ptau-181. estimated annual changes by diagnosis 
group are represented in table 2 (no significant interactions diagnosis*time). levels 
of csf isoprostane increased over time in all diagnosis groups, with an estimated 
annual increase in isoprostane levels of 1.9 pg/ml in non-demented patients, 2.3 pg/
ml in mci patients and 1.9 pg/ml in ad patients. levels of nfl decreased over time 
in ad and mci patients, but not in non-demented subjects. levels of nfh decreased 
over time, albeit non-significantly, in ad patients, but not in mci patients or non-
demented subjects. csf levels of ab40 increased in all patients groups, and csf 
levels of tau increased in mci and ad patients. figure 1 shows the standardized b’s 

table 1. patient characteristics for the separate diagnosis categories.

non-demented (n=24) mCI (n=62) ad (n=68)

age (years) 64 ± 10 68 ± 8 65 ± 7

sex, n (%) female 7 (29%) 23 (37%) 31 (46%)

follow-up time (years) 2.5 ± 1.7 2.0 ± 1.1 1.9 ± 1.0

mmse baseline 28 ± 2 26 ± 2 22 ± 5 *,**

mmse follow-up~ 27 ± 3 22 ± 5 * 16 ± 7 *,**

mmse follow-up time (years) 4.0 ± 2.7 3.8 ± 2.1 3.2 ± 2.0

data are represented as mean±sd unless indicated otherwise. ~ follow-up mmse was available 
for 130 patients, and follow-up period was generally longer than for lumbar puncture. * p<0.005 
versus non-demented subjects, ** p<0.005 versus mci.
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table 2. Baseline levels and change over time of csf biomarker levels

non-demented (n=24) mCI (n=62) ad (n=68)

ab42 (pg/ml), baseline 403 ± 125 307 ± 114 ** 263 ± 83 **,#

ab42 (pg/ml), follow-up 399 ± 135 315 ± 119 273 ± 78

annual change, b(se) -1.9(4.3) -0.4(3.5) 5.0(3.7)

tau (pg/ml), baseline 104 ± 59 155 ± 109 * 156 ± 87 **

tau (pg/ml), follow-up 121 ± 87 172 ± 122 189 ± 89

annual change, b(se) 4.9(3.4) 5.8(2.6) 5.6(2.7)

ptau-181 (pg/ml), baseline 31 ± 17 42 ± 29 43 ± 26 *

ptau-181 (pg/ml), follow-up 32 ± 13 45 ± 31 48 ± 24

annual change, b(se) -0.2(1.2) 0.7(1.0) 0.0(1.1)

isoprostane (pg/ml), baseline& 15.2 ± 4.7 15.7 ± 5.0 14.6 ± 4.3

isoprostane (pg/ml), follow-up 19.8 ± 9.8 20.3 ± 8.6 18.1 ± 7.7

annual change, b(se) 1.9(0.9) 2.3(0.5) 1.9(0.5)

nfl (ng/ml), baseline 5.0 ± 4.6 5.4 ± 4.6 5.6 ± 4.4

nfl (ng/ml), follow-up 5.4 ± 5.9 4.0 ± 4.0 3.9 ± 3.5

annual change, b(se) -0.18(0.50) -0.79(0.31) -0.96(0.31)

nfh (pg/ml), baseline 404 ± 147 471 ± 206 475 ± 316

nfh (pg/ml), follow-up 412 ± 174 458 ± 185 422 ± 178

annual change, b(se) -1.5(19.9) -5(13) -24(13)

ab40 (ng/ml), baseline 9.6 ± 3.0 9.5 ± 3.2 8.5 ± 2.8 *

ab40 (ng/ml), follow-up 11.0 ± 2.9 10.0 ± 3.1 9.2 ± 3.4

annual change, b(se) 0.61(0.22) 0.28(0.14) 0.43(0.14)

data are represented as mean±sd or b(se). linear mixed models were applied to assess the 
associations between diagnosis, baseline csf biomarkers and change in csf biomarker levels 
over time (in years). a random intercept and a random slope with time were assumed. age and sex 
adjusted analyses were performed with diagnosis as categorical variable and time as continuous 
variable, with an interaction term for diagnosis * time. b’s and p-values were calculated with the 
linear mixed model. in this model, the main effect of diagnosis represents the group differences 
at baseline, and the main effect of time represents the annual change of biomarker levels for each 
diagnostic category. the interaction of diagnosis * time was not significant for any of the markers, 
implying that the estimated time effects did not differ significantly by diagnosis.
* p<0.05 vs non-demented subjects, ** p<0.005 vs non-demented subjects, # p<0.005 vs mci 
patients, & for isoprostane data was available for 21 non-demented patients, 61 mci patients 
and 64 ad patients.



124

CHAPTER 4.2

of the csf biomarkers that showed change over time, to allow comparison of effect 
sizes: isoprostane had the largest effect size.

secondly, we examined whether disease progression in mci patients was 
associated with change in biomarker levels. We analyzed the effect of mci subgroups 
(stable vs progressing to ad) on the change of csf biomarker levels over time. there 
were baseline effects of mci subgroups for csf ab42, tau and ptau-181 (all p<0.005), 
but not for the other, non-specific csf biomarkers. By contrast, for isoprostane and 
for ab40 we found that change of levels over time were different between mci stable 
and mci progressive patients (p for interaction both <0.05), whereas for the other csf 
biomarkers effects were the same for mci stable and progressive patients. isoprostane 
levels increased in mci progressive patients (b(se) 3.8(0.8)), while csf isoprostane 
levels hardly changed in stable mci patients (b(se) 0.9(1.0)), as shown in figure 2. 
contrary to our expectations, ab40 levels increased in mci stable patients (b(se) 0.55 
(0.16)), but not in mci progressors (b(se) 0.07 (0.12)).

next, we investigated whether change in csf biomarker levels over time was 
associated with cognitive decline, as indicator of clinical disease progression. for all 
biomarkers that showed significant change over time, we performed linear regression 
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Figure 1. Standardized time effects of the CSF biomarkers by diagnosis
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Figure 1. standardized 
time effects of the csf 
biomarkers by diagnosis. 
Bars represent change in 
biomarker level over time 
(standardized b with 95%ci). 
linear mixed models were 
applied to assess the asso-
ciations between diagnosis, 
baseline csf biomarkers and 
change in csf biomarker 
levels (b) over time (in years). 
a random intercept and 
a random slope with time 
were assumed. age and 
sex adjusted analyses were 
performed with diagnosis 
as categorical variable and 
time as continuous variable, 
with an interaction term for 
diagnosis*time. standard-
ized b’s were calculated with 
the formula b biomarker*sd 
time/sd biomarker, to 
estimate and compare the 
effect sizes of the different 
csf biomarkers. 
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analyses to evaluate the association of change in csf biomarker levels with change 
of mmse over time. annual change in isoprostane levels was associated with annual 
mmse change, as shown in figure 3: b(se) were -0.11(0.06) in non-demented (n=16, 
p=0.08), b(se) 0.11 (0.05) in mci (n=54, p<0.05) and b(se) -0.11(0.04) in ad (n=53, 
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Figure 2. Time effects by MCI subgroups
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Figure 2. time effects by mci subgroups. Bars represent change in isoprostane over time (b with 
95%ci). a linear mixed model was used with csf isoprostane as dependent variable and age, 
sex, time, mci subgroup (dummies for mci stable and mci progression) and interaction terms 
(dummy mci subgroup*time) were entered as covariates. there was a significant interaction of 
mci subgroup*time.
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Figure 3. Associations of change in isoprostane levels over time and cognitive decline
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Figure 3. associations of change in isoprostane levels over time and cognitive decline. associa-
tions between annualized change in csf isoprostane levels and annualized change in mmse 
score were assessed using linear regression models (data available for 130 patients), adjusted 
for sex, age and diagnosis. We calculated the annualized change of csf biomarker level and 
mmse, with the formula: value of measurement at follow-up minus value of measurement at 
baseline, divided by follow-up period in years. the light grey line and circles represent non-
demented subjects (b(se) -0.11(0.06)), the dark gray line and triangles represent mci patients 
(b(se) -0.11(0.05)), and the black line and squares represent ad patients (b(se) -0.11(0.04)).
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p<0.05). for the other csf biomarkers, there were no associations with cognitive 
decline: b(se) of nfl were -0.11(0.17) for non-demented (n=19), -0.10(0.09) for mci 
(n=55) and -0.11(0.10) for ad (n=56); for ab40 -0.23(0.32), 0.06(0.29) and -0.03(0.21); 
for tau -0.010(0.13), 0.008(0.009) and 0.004(0.010), all p>0.05.

discussion
We found that four non-specific csf biomarkers, i.e. isoprostane, ab40, tau and nfl, 
showed change over time in ad. of these biomarkers, isoprostane appeared to be the 
most promising marker for monitoring of disease progression, since it had the largest 
effectsize. in addition, increase over time of isoprostane levels was associated with 
progression of mci to ad, and increase of isoprostane was associated with cognitive 
decline over time. 

With the development of symptom-modifying drugs it is of utmost importance 
to find biomarkers that allow for the monitoring of disease progression of ad. most 
previous longitudinal studies examined only the csf biomarkers ab42, tau and 
ptau.3-7 longitudinal effects of these specific markers were disappointing, as was also 
illustrated by a recent meta-analysis of these studies.8 in the current study we used 
luminex technology for the longitudinal measurement which did not seem to be an 
added value over elisa, as there were no changes in csf ab42 and ptau-181 levels 
over time, while csf tau levels increased only minimally with disease progression. 
these findings are in line with the idea that these ad-specific markers are state 
markers.30

in the current study, we found that isoprostane, nfh, nfl, ab40 and tau, were all 
associated with disease progression in ad, with the strongest effect for isoprostane. 
furthermore, increase of isoprostane levels was associated with progression of mci to 
ad and cognitive decline, as measured by repeated mmse. the findings of our study 
are supported by a few small studies in mci and ad patients that also showed increase 
of isoprostane over time.11,12,31 isoprostane is a marker of membrane lipid peroxidation 
and inflammation and previous data suggested that an increase of csf isoprostane 
levels in cognitively declining patients reflected progressive neuronal oxidative stress 
and progression of neurodegenerative changes.32 

nfl (and to a lesser extent also nfh) decreased over time in mci and ad, but not 
in non-demented patients. however, we were not able to establish a relation with 
cognitive decline as measured with mmse. possibly, the decrease in neurofilament 
levels over time reflects the presence and progression of atrophy. our findings should 
be examined in relation to mri results and post-mortem findings in future studies. 

ab40 increased over time in our study. former studies that examined longitudinal 
effects of ab40 found no effect over time, but these studies included small patient 
groups and used a different test for the measurement of ab40.3,31,33 the increase 
in ab40 levels possibly reflects the increase of solid, less diffuse, types of amyloid 
plaques, that generally develop in later stages of ad.18 unexpectedly, in mci patients 
we found the largest increase in ab40 levels in those patients that did not progress to 
ad. possibly, in these stable mci patients there was an increased synthesis of ab, in 
combination with a lack of formation of compact ab plaques, as seen in ad. however, 
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the rise in ab40 levels may also be unrelated to ad pathology, and related to for 
instance to vascular pathology, which is not necessarily related to clinical deterioration. 
lastly, csf tau levels showed some increase over time during disease progression. 
csf tau has been suggested to reflect the degree of neuronal cell death and to be a 
more general marker for neuronal damage.34-38 effects, however, were modest and the 
cross-sectional difference between diagnosis groups exceeded by far the longitudinal 
changes within individuals. 

We studied a panel of potential csf biomarkers to monitor disease progression 
in a large group of memory clinic patients. most of these biomarkers have only been 
evaluated in small patient groups before, and some have never been studied serially 
in ad. our study allowed comparison of all biomarkers, since they were measured in 
the same patients at the same time points. We have included patients of all stages 
of the ad disease spectrum, including non-demented subjects, mci patients and ad 
patients. We had expected that effects would have been diagnosis specific for more 
biomarkers. one explanation could be that the group of non-demented subjects 
(n=24) was too small in comparison to the groups of mci (n=62) and ad patients 
(n=68) for adequate analyses, which could be considered a limitation. an alternative 
explanation could be that the group of non-demented subjects included subjects that 
were in a prodromal stage of ad. some of the patients in the group of non-demented 
subjects developed mci or even dementia during follow-up. the latter explanation is 
supported by our finding that isoprostane increase was associated with a decrease in 
mmse score in the non-demented subjects. 

these results imply that once a patient has developed the core ad pathological 
hallmarks of amyloid plaques and tangles to a certain extent, other non-specific 
processes like neuronal cell and synaptic loss, as well as oxidative stress are 
characteristic for disease progression. these less specific processes are the disease 
processes to be monitored in studies focussing on disease progression. the results 
of this kind of studies could possibly also provide suggestions for treatment options 
for later stages of ad pathology. it could be hypothesized that therapies that focus 
on reducing the non-specific pathogenic process, instead of intervening in amyloid 
accumulation, could be of benefit for patients at the stage of clinical ad.
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