
UCSF
UC San Francisco Previously Published Works

Title
Prominent Non-Memory Deficits in Alzheimer’s Disease Are Associated with Faster Disease 
Progression

Permalink
https://escholarship.org/uc/item/1hx5f7rk

Journal
Journal of Alzheimer's Disease, 65(3)

ISSN
1387-2877

Authors
Scheltens, Nienke ME
Tijms, Betty M
Heymans, Martijn W
et al.

Publication Date
2018

DOI
10.3233/jad-171088
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1hx5f7rk
https://escholarship.org/uc/item/1hx5f7rk#author
https://escholarship.org
http://www.cdlib.org/


Prominent Non-Memory Deficits in Alzheimer’s Disease Are 
Associated with Faster Disease Progression

Nienke M.E. Scheltensa,*, Betty M. Tijmsa, Martijn W. Heymansb, Gil D. Rabinovicic, 
Brendan I. Cohn-Sheehyc, Bruce L. Millerc, Joel H. Kramerc, Steffen Wolfsgruberd, Michael 
Wagnerd, Johannes Kornhubere, Oliver Petersf, Philip Scheltensa, Wiesje M. van der 
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Germany, and German Center for Neurodegenerative Diseases, Bonn, Germany eDepartment of 
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Abstract

Background: Alzheimer’s disease (AD) is a heterogeneous disorder.

Objective: To investigate whether cognitive AD subtypes are associated with different rates of 

disease progression.

Methods: We included 1,066 probable AD patients from the Amsterdam Dementia Cohort (n = 

290), Alzheimer’s Disease Neuroimaging Initiative (n = 268), Dementia Competence Network (n 
= 226), and University of California, San Francisco (n = 282) with available follow-up data. 

Patients were previously clustered into two subtypes based on their neuropsychological test 

results: one with most prominent memory impairment (n = 663) and one with most prominent 

non-memory impairment (n = 403). We examined associations between cognitive subtype and 

disease progression, as measured with repeated Mini-Mental State Examination (MMSE) and 

1Data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (http://
adni.loni.usc.edu). As such, the investigators within the ADNI contributed to the design and implementation of ADNI and/or provided 
data but did not participate in analysis or writing of this report. A complete listing of ADNI investigators can be found at: http://
adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
*Correspondence to: Nienke M.E. Scheltens, MD, Alzheimer Center Amsterdam, Department of Neurology, Amsterdam 
Neuroscience, Vrije Universiteit Amsterdam, PO Box 7057, 1007 MB Amsterdam, The Netherlands. Tel.: +31 20 4448523; Fax: +31 
20 444 0397; n.scheltens@vumc.nl. 
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Clinical Dementia Rating scale sum of boxes (CDR sob), using linear mixed models. Furthermore, 

we investigated mortality risk associated with subtypes using Cox proportional hazard analyses.

Results: Patients were 71 ± 9 years old; 541 (51%) were female. At baseline, pooled non-

memory patients had worse MMSE scores (23.1 ± 0.1) and slightly worse CDR sob (4.4 ± 0.1) 

than memory patients (MMSE 24.0 ± 0.1; p <0.001; CDR sob 4.1 ± 0.1; p <0.001). During follow-

up, pooled non-memory patients showed steeper annual decline in MMSE (−2.8 ± 0.1) and steeper 

annual increase in CDR sob (1.8 ± 0.1) than memory patients (MMSE −1.9 ± 0.1; 

pinteraction<0.001; CDR sob 1.3 ± 0.1; pinteraction<0.001). Furthermore, the non-memory subtype 

was associated with an increased risk of mortality compared with the memory subtype at trend 

level (HR = 1.36, CI = 1.00–1.85, p = 0.05).

Conclusions: AD patients with most prominently non-memory impairment show faster disease 

progression and higher risk of mortality than patients with most prominently memory impairment.

Keywords

Alzheimer’s disease; clustering; cognition; dementia; disease progression; mortality; phenotypes; 
subtypes

INTRODUCTION

Alzheimer’s disease (AD) is characterized by progressive cognitive decline that most 

typically manifests through episodic memory impairment. As the disease progresses, other 

cognitive domains (i.e., executive functioning, language, visuospatial functioning, praxis, 

attention, and/or behavior) become affected as well [1]. Some AD patients, however, show 

relative sparing of memory functioning in early disease stages, with more prominent 

impairment in other cognitive domains, such as language, visuospatial, or executive 

functioning [2–4]. Atypical presentations have previously been associated with 

demographic, genetic, and neuroimaging/biomarker characteristics that differ from the 

typical memory-impaired subtype in terms of a younger age at disease onset, with patients 

more often having an apolipoprotein E (APOE) ε4 negative genotype, and show variability 

in the anatomical distribution of cortical atrophy, hypometabolism, tau deposition, and 

pathological findings [5–10].

AD is not only heterogeneous in terms of clinical presentation at diagnosis, but also in rate 

of disease progression. Previous studies suggest that patient characteristics, such as cognitive 

subtype [11], age of disease onset [12–15], APOE ε4 genotype [15, 16], and distribution of 

neurodegeneration [17] are associated with faster disease progression. However, most 

previous studies investigated this question comparing patients classified a priori based on 

their clinical or biological characteristics, which do not necessarily consider relationships 

between such characteristics. We previously identified two distinct subtypes in four large 

AD cohorts (total n = 1,982) based on their patterns of neuropsychological test scores using 

dual-clustering approach nonnegative matrix factorization (NMF) [18, 19]. One subtype 

showed most prominently memory impairment (n = 1,195, 60%), and the other subtype 

showed most prominently impairment on non-memory tests (n = 787, 40%). Compared to 

the memory subtype, the non-memory subtype had a younger age at onset, was more often 
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APOE ε4 negative, and had more atrophy of the posterior cortex with relative sparing of the 

medial temporal lobe. In addition, non-memory patients reported shorter duration of 

complaints, while scores on the Mini-Mental State Examination (MMSE) were already 

lower. Based on these previous results, it could be hypothesized that disease progression is 

faster in non-memory patients. In the present study, we investigated this hypothesis by 

testing whether the non-memory AD subtype would show faster cognitive decline over time 

and higher risk of mortality than the more typical memory subtype.

METHODS

Patients

For the present longitudinal study, we selected n = 1,066 AD patients with available follow-

up MMSE measurements (≥ one year follow-up duration) from a multi-center sample of 

1,982 patients previously included in the cross-sectional clustering study [18]. For this 

previous clustering study patients were selected based on clinical diagnosis probable AD 

[20], and MMSE score > 16/30 [21], from four large cohorts; the Amsterdam Dementia 

cohort (ADC), Alzheimer’s Disease Neuroimaging Initiative (ADNI), Dementia 

Competence Network (DCN), and University of California, San Francisco (UCSF). From 

the 1,066 patients selected for present longitudinal analyses, 663 (62%) of patients were 

previously clustered as memory subtype, ranging from 52% (ADNI) to 70% (ADC and 

DCN), and 403 (38%) of patients were clustered as non-memory subtype, ranging from 30% 

(ADC and DCN) to 48% (ADNI). From the originally identified clusters, 916 patients were 

excluded for main analyses of the present longitudinal study due to missing follow-up 

MMSE measures (n = 532 memory patients, n =384 non-memory patients; baseline 

characteristics of excluded patients are given in the Supplementary Material).

In addition, n = 806 patients had available follow-up Clinical Dementia Rating scale – sum 

of boxes (CDR sob) [22] available with a minimum follow-up duration of one year (i.e., 

ADNI [n = 269], DCN [n = 366], and UCSF [n = 171]). In this selection, the memory 

subtype included 479 (59%) of patients, ranging from 51% (ADNI) to 66% (DCN). The 

non-memory subtype included 327 (41%) of patients, ranging from 34% (DCN) to 49% 

(ADNI). For both follow-up MMSE and CDR sob analyses we included measurements with 

a maximum of three years to limit the influence of survivor bias on the results. Finally, for 

one cohort (ADC) we were able to obtain information on survival (deceased: yes or no; date 

of death if deceased) from the Dutch Municipal Population Register (n = 492, 99% of 

original clusters).

Cohort descriptions

ADC—The ADC includes clinical data of patients visiting the outpatient memory clinic of 

the Amsterdam University Medical Centers (UMC) Alzheimer Center for diagnostic 

purposes. The first visit of patients included in the present study took place between 2008 

and 2013, and patients were diagnosed with probable AD based on a standardized dementia 

screening [23]. The local ethical committee approved the study and all patients gave 

informed consent for their clinical data to be used for research purposes.
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ADNI—The ADNI database is a research cohort launched in 2003, including data of 

patients from over 50 sites across the U.S. and Canada (http://www.adni-info.org). Patients 

selected in the present study enrolled in ADNI-1 or ADNI-2 between 2005 and 2013. All 

patients gave written informed consent.

DCN—The DCN is a collaboration of fourteen specialized German memory clinics from 

university hospitals (http://www.kompetenznetz-demenzen.de) [24]. Patients included in the 

present study first visited one of the memory clinics between 2003 and 2007, and all 

patients, or their legal guardians, provided written informed consent for their clinical data to 

be used for research purposes. The Institutional Review Board of all participating centers 

approved the DCN study protocol.

UCSF—The UCSF research cohort includes patients either seen in the outpatient memory 

clinic, or for a research assessment in the UCSF Alzheimer’s Disease Research Center [25]. 

First visits of patients included in the present study took place between 1998 and 2013. All 

patients and informants provided written informed consent for their clinical data to be used 

for research purposes. Surrogate consent was accepted when patients lacked capacity to 

provide consent themselves. The local medical ethical committee approved the study.

Statistical analysis

We compared baseline characteristics of cognitive subtypes (memory versus non-memory) 

pooled across the four cohorts, and for each cohort separately, using χ2, Kruskal Wallis, or t-
tests where appropriate with SPSS version 20 for Mac (SPSS Inc., USA). To validate 

identification of cognitive subtypes in the subsets used for present study (i.e., based on 

availability of MMSE [main subset] or CDR sob [additional subset] measures), we repeated 

cluster analysis as described previously [18].

Rates of disease progression were compared between subtypes using linear mixed models 

(LMM) with random intercepts and slopes in RStudio for Mac version 3.2.2 (http://

www.rstudio.com) with the package lme4 version 1.1–10. The outcome measure was either 

MMSE or CDR sob. Predictors were cognitive subtype (0 = memory, 1 = non-memory), 

time, and the interaction between subtype and time. We assumed an unstructured covariance 

matrix. For pooled analyses, we also adjusted for center as a clustering variable in the 

model. Analyses were adjusted for age (mean-centered), sex, and APOE ε4 genotype in a 

second model. Data of linear mixed models are presented as beta ± SE with p-values. 

Mortality rates were compared between cognitive subtypes with Cox proportional hazard 

analyses in SPSS, and repeated adjusting for age, sex, and APOE ε4 genotype in a second 

model, and in a third model additionally adjusting for baseline MMSE. We calculated hazard 

ratios (HRs) and 95% confidence intervals (CIs) for the non-memory subtype with the 

memory subtype as reference. For all analyses the significance level was set at p <0.05 for 

main effects and p ≤ 0.10 for interactions.

RESULTS

Table 1 shows baseline characteristics of AD subtypes (main subset with follow-up MMSE 

scores available). The median number of MMSE scores available was 3 (interquartile range 

Scheltens et al. Page 4

J Alzheimers Dis. Author manuscript; available in PMC 2019 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.adni-info.org/
http://www.kompetenznetz-demenzen.de/
http://www.rstudio.com/
http://www.rstudio.com/


3–4). The median follow-up duration was 2.0 years (interquartile range 1.3–3.0 years). 

Compared with the memory subtype, the non-memory subtype was younger (ADC and 

UCSF cohorts), less often APOE ε4 positive (pooled sample, ADC, DCN, and UCSF 

cohorts), and had lower baseline MMSE scores (pooled sample, ADC, ADNI, and UCSF 

cohorts).

Linear mixed models showed that pooled non-memory patients performed worse on MMSE 

at baseline than pooled memory patients (uncorrected model 1: MMSE 24.0 ± 0.1 versus 

23.1 ± 0.1, p <0.001; Table 2). In addition, pooled non-memory patients showed faster 

yearly decline than memory patients (uncorrected model 1: −2.8 ± 0.1 versus −1.9 

± 0.1,pinteraction < 0.001; Table 2, Fig. 1). This effect was observed in all four cohorts when 

analyzed separately, with significant faster yearly decline in non-memory patients in ADNI 

and UCSF (both uncorrected pinteraction < 0.001; Table 2, Supplementary Figures). When 

analyses were corrected for age, sex, and APOE (model 2), differences at baseline in the 

pooled sample remained significant (p < 0.001), and faster yearly decline in the non-memory 

subtypes remained significant in the pooled sample, ADNI, and UCSF (all pinteraction < 

0.001).

Similarly, when analyzing disease progression using linear mixed models with CDR sob as 

outcome measure, pooled non-memory patients had worse baseline CDR sob scores than 

those with a memory subtype (4.4 ± 0.1 versus 4.1 ± 0.1, p <0.001), and showed a faster 

yearly increase in CDR sob (uncorrected model 1:1.8 ± 0.1 versus 1.3 ± 0.1, pinteraction 

<0.001; Table 2, Fig. 1). This effect was observed in all three cohorts when analyzed 

separately, with significantly steeper yearly increase in non-memory patients in ADNI and 

UCSF (resp. pinteraction < 0.001 and p
interaction < 0.05; Table 2, Supplementary Figures). 

When analyses were adjusted for age, sex, and APOE (model 2), differences at baseline in 

the pooled sample remained significant for the pooled sample (all p < 0.001), and steeper 

yearly decline in the non-memory subtype remained significant in the pooled sample, ADNI, 

and UCSF (resp. pinteraction < 0.001, pinteraction < 0.01, and pinteraction < 0.01).

Finally, we analyzed risk of mortality in relation to cognitive subtypes. Cox proportional 

hazard models showed that compared with the memory subtype, patients with a non-

memory subtype had an increased risk of mortality (uncorrected model 1: HR 1.36, CI= 

1.00–1.85, p = 0.05, Kaplan-Meier curve shown in Fig. 2; corrected model 2 [age, sex, 

APOE genotype]: HR 1.66, CI 1.18–2.32, p <0.01; corrected model 3 [age, sex, APOE 

genotype, and baseline MMSE]: HR 1.58, CI 1.12–2.21, p<0.01).

DISCUSSION

Our main finding is that in four large and independent cohorts, AD patients with a non-

memory subtype consistently showed faster disease progression than those with a memory 

subtype in terms of rate of decline based on MMSE, CDR sob, and risk of mortality. This 

suggests that patients with a non-memory subtype may have a more aggressive form of the 

disease.
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Several studies have previously investigated whether more rapid disease progression in AD 

is associated with specific patient characteristics (e.g., the role of age at onset or APOE ε4 

genotype on disease progression). Some studies have found faster disease progression in AD 

patients with younger age at onset [12–14, 16], APOE ε4 negative genotype, relatively 

spared hippocampi [26], lower baseline MMSE scores, or a combination of these features 

[15–17]. However, characteristics of a single variable may not fully reflect biological 

processes that underlie disease heterogeneity. An alternative approach is to determine 

subtypes based on neuropsychological profile. A previous study for example employing 

such an approach reported 2.2 times faster decline on MMSE in dysexecutive AD (n = 165)

—defined as having executive performance >1.5 SD worse than memory performance—

compared with amnestic AD (n = 157) [27]. We analyzed disease progression in AD 

subtypes that were previously identified using an unbiased, data-driven method. Two 

subtypes were robustly identified across four large cohorts that showed were associated with 

distinct cognitive profiles, demographics, and neurobiological characteristics. We now 

further extend these findings and show that these identified subtypes differ in disease 

progression rates, suggesting that heterogeneity in disease progression is associated with 

subtype specific underlying disease mechanisms.

The non-memory subtype showed the fastest disease progression, and consistently so across 

four cohorts that differed in patient population (e.g., geographically, age, disease severity) 

and setting (memory clinic versus research cohort). Analyses for each cohort separately 

showed faster disease progression in the non-memory subtypes, significant in ADNI and 

UCSF (pinteraction < 0.05 for both MMSE and CDR sob, data shown in the Supplementary 

Material). Faster disease progression in the non-memory subtype supports the hypothesis 

that AD is a heterogeneous disease in terms of in disease progression, and that the subtype 

prone for faster disease progression is associated with younger age, APOE ε4 negative 

genotype, relative sparing of the hippocampus, and more severe posterior atrophy. Given that 

amyloid-β plaques show a plateau effect at very early, preclinical stages of AD, a potential 

explanation in the underlying disease mechanism that is involved in faster disease 

progression in the non-memory AD subtype might be found in the tau cascade, since the 

amount of neurofibrillary tangles rather than amyloid plaques have robustly been associated 

with disease duration [28]. According to the staging of Braak and Braak, the nidus of 

neurofibrillary tau tangles are typically posited in the entorhinal cortex, which then spreads 

via the hippocampus to the association cortex and finally to other cortical areas [29]. 

However, this typical pathological pattern of tau spreading is not always the case, since a 

previous autopsy study demonstrated that AD subjects exist that show relative sparing of 

neurofibrillary tangle burden in the hippocampus, and more prominent tau deposition in 

cortical areas [10]. In line with our non-memory subtype, these hippocampus-spared AD 

patients were younger at death, showed rapid disease progression, and showed more often 

focal cortical clinical syndromes. Another potential explanation of heterogeneity in disease 

progression could be found in the diversity of genes associated with increased risk for 

developing sporadic AD. This potential explanation is strengthened by the finding that non-

memory AD patients less often carried an APOE ε4 allele—the most important risk gene in 

non-familial AD—and that other susceptible loci are associated with different pathways 

underlying AD (such as hippocampal synaptic function, cytoskeletal function and axonal 
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transport, regulation of gene expression, and post-translational modification of proteins) 

[30]. Possibly, memory AD patients carry more risk genes involved in hippocampal synaptic 

functioning. Patients with a non-memory AD subtype might carry another combination of 

risk genes, associated with selective vulnerability of (specific) networks and cortical areas, 

and more aggressive disease mechanisms. Future research should further examine the 

neurobiological/neuropathological correlates of the subtypes that we identified in this study. 

Furthermore, it would be interesting to further explore heterogeneity within the non-memory 

subtype, since previous studies demonstrated presence of more extreme AD subtypes with 

most prominently impaired non-memory domains [2–4], with distinct neurobiological 

correlates, e.g., distribution of neurodegeneration.

Our hypothesis coincides with findings of a previous study demonstrating that within late-

onset AD patients the cognitive spectrum from memory to executive functioning as a 

continuous subtype is associated with a specific pattern of heritability [31]. Further research 

is needed to investigate heterogeneity in genetic risk profiles, corresponding protein 

characteristics, and disease mechanisms that underlie clinical AD subtypes.

Among the limitations of our study is that patients with faster disease progression have a 

higher probability to be lost to follow-up (i.e., survivor bias), because they have more severe 

complaints (patients’ argument), show floor effects on neuropsychological tests (doctor’s 

argument), or because they were admitted in a nursing home, or deceased. Although we 

limited the influence of survivor bias on our results by including only measurements of the 

first three years follow-up, we cannot exclude the possibility that survivor bias may have 

caused an underestimation of our found disease progression, more prominently in the non-

memory subtype that was associated with shorter follow-up duration. Another possible 

limitation could be that we were only able to analyze disease progression in subsets of 

original AD subtypes that had available follow-up measurements (i.e., selection bias). To 

estimate the influence of selection bias on our results, we compared included patients with 

excluded patients in terms of baseline characteristics (see Supplementary Material). Briefly, 

excluded patients differed from included patients, most importantly in terms of worse 

MMSE scores at baseline. Since lower MMSE scores at diagnosis are associated with faster 

disease progression [17], we think that this selection bias potentially has led to an 

underestimation of our disease progression results. In addition to lower MMSE scores at 

baseline, excluded patients also reported shorter disease duration, which is suggestive of 

faster disease progression, further supporting the notion that selection bias may have resulted 

in an underestimation of the observed effect on disease progression. We repeated NMF 

clustering on the subsets selected based on availability of follow-up MMSE or CDR sob 

measures to study the stability of the cluster results and found that most individuals were 

labelled quite similarly as the original clustering solution (Supplementary Table 2). We 

further investigated characteristics of patients that changed cluster assignment in the DCN, 

since agreement of membership for the memory subtype was least consistent in this cohort 

when NMF was repeated in the subset with follow-up MMSE measures available (69% of 

patients were consistently assigned membership to the memory subtype; 31% of former 

memory patients were now assigned to the non-memory subtype in subset analysis). Further 

scrutiny of these results pointed out that the clustering of test scores was largely similar as 

before, and that inconsistent patients were characterized by intermediate ‘H’ values (see 
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Supplementary Figure 2A, B), which indicate how well a patient fits to one of two subtypes 

(the lower the better fitting to the non-memory subtype; the higher the better fitting to the 

memory subtype). The H values of inconsistent patients were around 0.5 indicating that 

these matches either component, and they significantly differed from patients that were 

consistently assigned to the non-memory phenotype (p <0.001 using Kruskal-Wallis tests). 

For practical reasons, we dichotomized individuals as belonging to one or the other subtype; 

however, future research should further investigate subtyping based on continuous values, 

which take into account more information. Another potential limitation is that not all 

patients with follow-up MMSE measures did have follow-up CDR sob measures available as 

well, resulting in two subsets in which either follow-up MMSE or CDR sob could be 

assessed. Also, a potential limitation is that we have measured disease progression with 

changes in MMSE and CDR sob scores. Both these instruments are not designed to measure 

disease progression, therefore lacking sensitivity to capture changes over time. Although 

these assessments do complement each other well and are widely used, it cannot be excluded 

that our study might have provided stronger conclusions when an appropriate scale 

measuring disease progression in the broad clinical spectrum of AD would have been 

available in our included sample. Furthermore, we used a data-driven clustering approach, 

which does not take into account clinical interpretations of the data, whereas other 

approaches such as, e.g., confirmatory factor analysis are able to take those into account. 

What the best approach is to identify subtypes remains uncertain; for example, a clinical 

interpretation may not accurately reflect pathological changes, and so an advantage of using 

data-driven approaches for clustering is that these are unbiased. Our study on the other hand 

demonstrated that NMF has found to be reproducible in four AD cohorts, that differed in 

terms of patient population (e.g., age, disease severity, geographic location) and composition 

and extensiveness of neuropsychological test battery.

Strengths of our study include the notion that we could compare disease progression 

between data-driven based cognitive subtypes of AD, and that we were able to show 

robustness of the results across four large and independent cohorts. Because these data-

driven subtypes were consistently associated with distinct rate of disease progression, we 

considered our results to be robust. Furthermore, results obtained based on follow-up MMSE 

scores were not only validated by repeating analyses in multiple cohorts, but also by 

repeating analyses based on follow-up CDR sob scores (in three cohorts) and by performing 

survival analyses (one cohort). Our results have important implications for daily clinical 

practice since they provide physicians with further insight in expected disease progression of 

patients based on their cognitive profile at diagnosis. Furthermore, we show that clinical 

trials exploring long-term effects of an intervention on disease progression might benefit of 

taking these AD subtypes into account.

In conclusion, we found in four large cohorts that the non-memory AD subtype—previously 

identified using a data-driven approach and associated with distinct demographical and 

neurobiological characteristics—is characterized by faster disease progression compared 

with the memory AD subtype.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Estimated changes over time inADphenotypes based on repeatedMMSE(left) andCDRsob 

(right) measures. The blue lines represent the memory phenotype; the red lines represent the 

non-memory phenotype. Linear mixed models showed that non-memory patients were 

characterized by faster yearly decline on MMSE than memory patients (2.81 ± 0.16 versus 

1.92 ± 0.14, pinteraction < 0.001). In addition, non-memory patients showed faster yearly 

increase in CDR sob (1.79 ± 0.13 versus 1.32 ± 0.12, pinteraction < 0.001).
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Fig. 2. 
Kaplan-Meier curves visualizing mortality in AD phenotypes. Numbers of entering the 

intervals 4, 6, and 8 years are depicted below the figure. Cox proportional hazard models 

showed that compared with the memory subtype, patients with a non-memory subtype had 

an increased risk of mortality (uncorrected model 1: HR 1.36, CI = 1.00–1.85, p = 0.05; 

corrected model 2 [age, sex, APOE genotype]: HR 1.66, CI 1.18–2.32, p <0.01; corrected 

model 3 [age, sex, APOE genotype, and baseline MMSE]: HR 1.58, CI 1.12–2.21, p <0.01).
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