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Abstract

Brain pathologies of Alzheimer’s, cerebrovascular and Lewy body diseases are common in old 

age, but the relationship of these pathologies with progression from normal cognitive function to 

the various stages of cognitive impairment is unknown. In this study, we fit latent Markov models 

from longitudinal cognitive data to empirically derive three latent stages corresponding to no 

impairment, mild impairment, and moderate impairment; then, we examined the associations of 

common neuropathologies with the rates of transition among these stages. Cognitive and 

neuropathological data were available from 653 autopsied participants in two ongoing cohort 

studies of aging who were cognitively healthy at baseline (mean baseline age 79.1 years) and had 

longitudinal cognitive data. On average, participants in these analyses developed mild impairment 

5 years after enrollment, progressed to moderate impairment after an additional 3.4 years, and 

stayed impaired for 2.8 years until death. AD and chronic macroscopic infarcts were associated 

with a higher risk of progression to mild impairment and subsequently to moderate impairment. 

By contrast, Lewy bodies were associated only with progression from mild to moderate 

impairment. The 5-year probability of progression to mild or moderate impairment was 20% for 

persons without any of these three pathologies, 38% for AD only, 51% for AD and macroscopic 

infarcts, and 56% for AD, infarcts and Lewy bodies. Thus, the presence of AD pathology alone 

nearly doubles the risk of developing cognitive impairment in late life, and the presence of 

multiple pathologies further increases this risk over multiple years prior to death.
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INTRODUCTION

Neuropathologic diagnoses of Alzheimer’s (AD), cerebrovascular (CVD) and Lewy bodies’ 

diseases (LBD) are common in older persons (Markesbery, 2010, Rahimi and Kovacs, 

2014). Cross-sectional studies show that these common pathologies are associated with 

cognitive impairment and dementia (Cholerton, et al., 2013, Guillozet, et al., 2003, Nelson, 

et al., 2012, Sonnen, et al., 2007, Troncoso, et al., 2008). Separately, data from longitudinal 

studies suggest that the pathologies are also associated with faster cognitive decline (Nelson, 

et al., 2009, Pietrzak, et al., 2015, Smits, et al., 2015). However, most prior studies assume a 

linear decline in cognition such that the associations of pathologies with rate of decline are 

constant throughout the trajectory. Accumulating evidence suggests that the profile of 

cognitive aging may follow a nonlinear trajectory (Johnson, et al., 2009, Reiman, et al., 

2011, Small and Backman, 2007, Sperling, et al., 2011). As neuropathology accumulates, 

dementia begins with a preclinical stage with little or no manifestation of cognitive 

impairment, progresses through an intermediate stage characterized by a slow but steady 

decline in cognition, and ends with a terminal stage proximate to death during which a 

precipitous drop in cognition is evident (Wilson, et al., 2012). This evidence of nonlinearity 

poses a new question regarding the extent to which common neuropathologies are associated 

with rates of progression from normality to the various stages of cognitive impairment.

Limited data are available about the relationship of various neuropathologies to cognition 

across the spectrum from no impairment to clear impairment. One prior study showed that 

trajectories of cognitive decline differed between AD and vascular dementia, where the 

onset of decline was earlier in AD dementia, but the rate of decline was faster after diagnosis 

in vascular dementia (Laukka, et al., 2012). We previously showed that infarct pathology 

was associated with early (or pre-terminal) cognitive decline; by contrast, Lewy bodies were 

more strongly associated with later (or terminal) decline (Wilson, et al., 2010). These 

findings suggest the hypothesis that there may be differential associations of 

neuropathologies with rates of progression from no impairment to mild impairment, and 

subsequently to moderate impairment.

To investigate this hypothesis, we analyzed annual longitudinal cognitive data for up to 20 

years from a group of community based older persons who were cognitively healthy at 

enrollment and underwent autopsy after death. We empirically determined three cognitive 

impairment stages: no impairment, mild impairment, and moderate impairment using latent 

Markov models. We estimated the mean sojourn time at each stage, as well as the rates of 

progression from one stage to the next, and examined how pathologic AD, macroscopic 

cerebral infarcts, and Lewy bodies were associated with the rates of progression.
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METHODS

Participants

Participants came from two ongoing clinical pathological cohort studies of aging and 

dementia, the Religious Orders Study (ROS) and the Rush Memory and Aging Project 

(MAP) (Bennett, et al., 2012a, Bennett, et al., 2012b). Both studies were approved by the 

Institutional Review Board of Rush University Medical Center. Each participant signed an 

informed consent and an anatomical gift act form, and agreed to annual neuropsychological 

and clinical evaluations, as well as to brain donation after death.

At time of these analyses, 1,385 ROS and MAP participants had died and 1,197 (86.4%) had 

undergone brain autopsies. Of the 1,197, 670 had no cognitive impairment (NCI) at baseline 

with at least 2 cognitive measures, and 17 participants were excluded due to incomplete 

neuropathological measures. This left a total of 653 participants whose data were analyzed 

in this study. The mean age at baseline was 79.1 years (standard deviation [SD] = 6.7 years); 

the mean age at death was 88.0 years (SD = 6.7 years); the mean level of education was 16.5 

years (SD = 3.8 years); and 435 (66.6%) were females.

Neuropsychological Assessment of Cognition

Participants underwent uniform structured neuropsychological assessments at baseline and 

subsequent follow-up waves. The assessments include 17 cognitive tests which evaluate a 

broad range of cognitive abilities. Specifically, 7 tests (immediate and delayed recall of story 

A from logical memory, immediate and delayed recall of the east Boston story, word list 

memory, word list recall, and word list recognition) assess episodic memory, 3 tests (verbal 

fluency, Boston naming, and reading test) assess semantic memory; 3 tests (digit span 

forward and backward, and digit ordering) assess working memory; 2 tests (symbol digit 

modality and number comparison) assess perceptual speed, and the last 2 tests (standard 

progressive matrices and judgment of line orientation) assess visuospatial ability. Raw 

scores on each test were standardized using the mean and standard deviation at the baseline 

evaluation. These standardized scores were then averaged to obtain a composite measure of 

global cognition. A higher score indicates better cognitive performance. Every 1 unit 

represents 1 standard unit above (if positive) or below (if negative) the mean baseline 

cognition of the entire pooled cohort. The use of this composite measure is supported by 

results from previous factor analyses where the leading principal component accounts for a 

majority of the total variance. Psychometric properties of the measure have been described 

previously (Krueger, et al., 2009, Wilson, et al., 2003, Wilson, et al., 2005, Wilson, et al., 

2002).

Cognitive assessments were administered annually up to 20 years. The composite measure 

of cognition is assigned missing if participants skipped an assessment due to logistic 

difficulty or could not complete at least 6 tests during the assessment. Of the 653 

participants included, 100 participants had 1 missing cognitive measure, and 28 had 2 or 

more missing cognitive measures. Together, these missing measures account for about 3% 

of the total cognitive data in these analyses. The mean duration between consecutive visits 
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was 1.04 years (SD 0.28, Interquartile Range [IQR] 0.99–1.03), and the mean duration 

between last evaluation and death was 0.81 years (SD 1.02, IQR 0.33–0.91).

Clinical Diagnosis of Dementia and Mild Cognitive Impairment

Annual clinical diagnosis was performed by clinicians blinded to previous diagnoses 

(Bennett, et al., 2005). Clinical diagnosis of dementia follows the criteria of the joint 

working group of the National Institute of Neurological and Communicative Disorders and 

Stroke and the Alzheimer’s Disease and Related Disorders Association. A dementia 

diagnosis requires a history of cognitive decline and evidence of impairment in multiple 

cognitive domains (McKhann, et al., 1984). Participants who did not meet criteria for 

dementia but showed impairment in at least one cognitive domain were classified as having 

mild cognitive impairment (MCI).

Neuropathologic Assessment of AD, Infarcts and Lewy Bodies

Brain autopsies were performed following a standard procedure (Schneider, et al., 2009). 

Multiple neuropathology measures were examined, including pathological AD diagnosis, 

chronic macroscopic infarcts and Lewy bodies. Pathological AD diagnosis was based on the 

National Institute on Aging-Reagan criteria which requires an intermediate likelihood or a 

high likelihood of AD (Hyman and Trojanowski, 1997). Fixed slabs and/or pictures of the 

brains were visually examined for the presence of chronic macroscopic infarcts, which were 

verified after dissection and histologic review (Schneider, et al., 2003). The presence of 

nigral, limbic and neocortical Lewy bodies were identified using alpha-synuclein 

immunohistochemistry (Zymed, 1:100; or Wako #015-25191; 1:20,000).

Statistical Analysis

In this study, we used latent Markov models to investigate the associations of common 

neuropathologies with the progression from cognitive normality, through mild impairment, 

to more severe impairment or dementia prior to death. Markov models provide a popular 

statistical approach for capturing the progression of chronic diseases (Aalen, et al., 1997, 

Corpechot, et al., 2000, Deuffic-Burban, et al., 2002, Gentleman, et al., 1994, Hsieh, et al., 

2002, Kay, 1986, Longini, et al., 1989, Rangel-Frausto, et al., 1998). The models are also 

widely applied to investigate neurodegenerative disease processes such as AD dementia 

(Abner, et al., 2012, Commenges, et al., 2004, Harezlak, et al., 2003, Kryscio, et al., 2006, 

Salazar, et al., 2007, Yu, et al., 2010). The central structure of the model is represented by a 

transition probability or intensity (i.e. instantaneous probability) matrix which determines 

the rates of transition between various disease states. Transition probabilities are estimated 

and can be further modeled as functions of risk factors.

Standard Markov models rely on observed disease states (e.g. clinical diagnosis) which are 

subject to misclassification. A latent or hidden Markov model estimates disease progression 

by utilizing data for a disease marker (e.g. cognitive performance) whose probability 

distribution changes as the underlying unobserved disease state progresses (Jackson and 

Sharples, 2002). In this study, we chose latent Markov models by using data on longitudinal 

measure of cognition to characterize a three-stage progression of cognitive impairment 

(Figure 1). The number of cognitive stages (N=3) was decided a priori to coincide with 
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clinical diagnoses of NCI, MCI and dementia. As cognition declined, participants 

progressed from less impaired stages to more impaired stages. The model assumes that the 

observed cognitive scores within each stage share the same mean and standard deviation 

(SD), which were estimated from the model. In addition, we included a fourth stage for 

death as a participant could die in any of the 3 cognitive stages. Simultaneously, the 

transitions between the latent stages as well as death were modeled using the following 

transition intensity matrix:

Each element inside the matrix, denoted by qrs, is an unknown parameter represents the 

instantaneous transition probability from stage r to stage s. We named these stages as (1) no 

impairment, (2) mild impairment, (3) moderate impairment and (4) death. As a result, q12 is 

the instantaneous probability of transition from no impairment to mild impairment. Other qs 

can be interpreted similarly. We hypothesize that cognitive decline is irreversible and the 

models assume no back transitions. The progressive nature of cognitive decline and the fact 

that death is an absorbing state determine the 0’s in the matrix. This transition intensity 

matrix also determines the transition probabilities over a given time period (Jackson and 

Sharples, 2002).

The associations of neuropathologies with the transitions were examined via proportional 

hazard models of the form . Here e(βrs) estimates the hazard ratio (HR) of 

instantaneous transition from stage r to stage s in the presence of a pathological index z. A 

positive and significant estimate of βrs would indicate that the presence of the pathology is 

associated with a higher risk of transition from r to s.

The model likelihood was maximized using numerical methods. We examined the stability 

of the numerical methods by assigning different sets of initial values, and the results were 

consistent. Statistical significance was set at α level of 0.05. The analyses were performed 

using SAS software, version 9.3 (SAS Institute, Cary, NC) and the msm Package for R 

(Jackson, 2012).

RESULTS

All participants in this study were cognitive normal at baseline. On average, they were 

followed annually for 7.8 years (SD=4.3 years, range = 1–19 years) before death. At 

autopsy, pathologic AD was present in 379 (58.0%) individuals, 206 (31.6%) had chronic 

macroscopic infarcts, and 144 (22.1%) had Lewy bodies. Notably, more than 75% of the 

participants (N = 492) had at least one of these three pathologies, of whom 42% (N = 206) 

had multiple pathologies (Table 1).
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Identifying Latent Stages of Cognitive Impairment

We first fit an unadjusted latent Markov model with longitudinal cognition as the outcome 

and time in years since baseline as the time-scale. This model provided estimates of the 

mean level of cognition for each latent stage. Specifically, the mean score for the stage of no 

impairment (Stage 1) was 0.39 (SD = 0.36), which was about 0.4 standard units higher than 

the baseline average of the whole cohort. The mean sojourn time, estimated from the 

transition matrix, for stage 1 was 5.0 years (95% confidence interval (CI) = 4.6–5.4 years), 

suggesting that participants remained cognitively intact for an average of 5 years before 

developing impairment or dying. The mean score for the stage of mild impairment (Stage 2) 

was −0.25 (SD = 0.27), which was a quarter unit below the cohort baseline average. The 

mean sojourn time for stage 2 was 3.4 years (95% CI = 3.0–3.7 years), suggesting that 

participants spent an average of 3.4 years before progressing to moderate impairment or 

dying. Finally, the mean score for the stage of moderate impairment (Stage 3) was −1.39 

(SD=0.78), which was about 1.4 units below the cohort baseline average. The mean sojourn 

time for stage 3 was 2.8 years (95% CI = 2.4–3.2 years), suggesting that moderate 

impairment lasted for approximately 3 years before death occurred.

Influence of Neuropathologies on Progression of Cognitive Impairment

We fit a second latent Markov model to examine the association of pathologic AD, infarcts 

and Lewy bodies with progression of cognitive impairment, adjusted for age, sex and 

education. First, we assessed the instantaneous probabilities of progression from less 

impaired stages to more impaired stages, including death, by using the hazard ratios (Table 

2). Relative to older persons without pathological AD, the likelihood of a transition from no 

impairment to mild impairment was 36% higher (HR=1.36, 95% CI=1.07–1.72) for persons 

with pathologic AD, and the likelihood of a transition from mild impairment to moderate 

impairment was almost doubled (HR=1.95, 95% CI=1.30–2.92). Similarly, chronic 

macroscopic infarcts also implies higher risk of progression from no impairment to mild 

impairment (HR=1.38, 95% CI=1.12–1.72), and subsequently from mild impairment to 

moderate impairment (HR=1.50, 95% CI=1.12–2.02). Interestingly, Lewy bodies were only 

associated with risk of progression from mild to moderate impairment (HR=1.48, 95% 

CI=1.08–2.03) and the association with the transition from no impairment to mild 

impairment was not significant. The instantaneous risk of death directly from no impairment 

(i.e. death without going through any impairment stages) was significantly lower for 

participants with neuropathologies, particularly AD, due to the association of pathology with 

cognitive impairment.

Next, we estimated transition probabilities from no impairment to mild/moderate 

impairment over multiple years prior to death. The results are illustrated in Figures 2 and 3. 

For participants with no AD, infarcts or Lewy body pathology, the 5-year probability of 

progressing from no to mild impairment was 16.6% (95% CI = 12.3%–20.4%), and the 

probability of progressing to moderate impairment was only 3.0% (95% CI = 1.8%–4.5%). 

That is, the likelihood of being alive and having developed cognitive impairment in 5 years 

was about 20% for participants free of the pathologic indices of most common causes of 

dementia. By contrast, the likelihood of developing cognitive impairment was almost double 

for participants with pathological AD diagnosis. The 5-year probability of progressing from 
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no cognitive impairment to mild impairment among participants with AD was 28.0% (95% 

CI = 23.4%–32.0%), and the probability of progressing to moderate impairment was 10.4% 

(95% CI = 8.0%–12.9%). Adding these together, the 5-year probability of transitioning from 

no impairment to an impairment stage for participants with AD was 38.4%. The presence of 

multiple pathologies substantially increased the likelihood of developing more severe stage 

of impairment. For participants with both AD and macroscopic infarcts, the 5-year 

probabilities of progressing to mild and moderate impairment were 32.1% (95% CI = 

26.5%–37.4%) and 19.2% (95% CI = 15.1%–23.3%) respectively; for participants with AD, 

infarcts and Lewy bodies, the 5-year probability of progressing to mild impairment was 

26.2% (95% CI = 19.0%–33.0%), but the probability of progressing to moderate impairment 

was almost tripled (5-year probability = 29.7%, 95% CI = 23.3%–35.6%) compared to 

participants with AD only.

Comparison of Latent Stages with Clinical Diagnoses

Based on the adjusted model, we estimated the most likely series of the latent stages from 

the longitudinal cognitive data for each participant. Over the course of follow-up, 

approximately a third of the participants (N=219, 33.5%) had no transition, a third (N=215, 

32.9%) transitioned to mild impairment and remained mildly impaired, and a third (N=219, 

33.6%) transitioned to moderate impairment proximate to death.

To facilitate comparison with annual clinical diagnoses, we looked at series of latent stages 

with annual clinical diagnoses (Table 3). Notably, as our annual clinical diagnoses are 

blinded to previous diagnoses, there were some back transitions. For example, 27.8% of the 

MCI diagnoses were followed by NCI diagnosis the next year, and 12.8% of dementia were 

diagnosed MCI the following year. For the purpose of comparison, we focused on forward 

transitions. As shown in Table 3, the year-to-year transitions were consistent between annual 

clinical diagnoses and latent stages derived from the transition model. For instance, using 

annual clinical diagnosis, 14.0% of the NCI diagnoses were followed by MCI the next year, 

1.8% by dementia, and 7.4% by death. In comparison, using latent stages derived from the 

Markov model (Table 2), for visits of no impairment, 12.1% progressed to mild impairment 

in the following year; 0.6% progressed to moderate impairment; and 6.4% died. The 

findings for other forward transitions were also similar.

DISCUSSION

Identifying the profile of cognitive aging has long been considered essential to prevent 

cognitive decline in old age. The profile can be characterized by different stages where an 

asymptomatic, cognitively normal stage precedes a mild impairment stage which is followed 

by a dementia stage. However, little is known about the length of each stage, the likelihood 

of the risks of transition from one stage to the next, or how common neuropathologies 

influence risks of these transitions. The findings from this study shed some light on these 

questions.

First, we empirically dissected the cognitive trajectory into 3 stages of no impairment, mild 

impairment and moderate impairment, and estimated the average onset of mild and moderate 

cognitive impairment. The Markov models imply that on average, older persons in these 
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analyses were cognitively normal for 5 years before developing impairment, they spent a 

mean of 3.4 years in a mildly impaired stage before progressing to a moderately impaired 

stage, and remained there for an additional 2.8 years until death. In general, these time 

intervals are consistent with findings obtained using other approaches. For example, using 

random change-point models, we previously reported that the acceleration of cognitive 

decline for subjects who were NCI at enrollment occurred about 5.6 years after baseline 

(Yu, et al., 2012). Separately, we also reported that a steeper terminal decline occurred 3 

years prior to death (Yu, et al., 2013).

Second, prior literature has established the association of pathologies with an increased risk 

of dementia and faster rate of cognitive decline. In this study, we extend these results by 

investigating the effects of pathologies with respect to progression of cognitive impairment. 

For older persons with AD or chronic macroscopic infarcts, their history of longitudinal 

cognitive performance shows an increased risk of transition from no impairment to mild 

impairment as well as an increased risk of transition from mild to moderate impairment. 

Consistent with prior reports (Wilson, et al., 2010), this result suggests that the pathologies 

of AD and infarcts influence cognition many years prior to death. In comparison, older 

persons with Lewy bodies had an increased risk of transitioning only from mild to moderate 

impairment, suggesting that the impact of Lewy body pathology on cognition may be more 

potent during the later stage of cognitive aging. Another possibility is that Lewy bodies 

develop at later age.

In addition, the transition probabilities from no impairment to mild and moderate 

impairment over multiple years revealed an interesting pattern (Figure 3). All transition 

probabilities increase over the first few years, peak at a certain time point and then decrease, 

likely due to competing risk of death. Interestingly, for participants with AD, infarcts, and 

Lewy bodies, the multiple-year transition probability from no impairment to mild 

impairment decreased earlier than participants with no Lewy bodies. This result reflects that 

mild impairment is a more transient stage and participants with all three pathologies are 

likely to transition to more impaired stages over fewer years. Indeed, the probabilities of 

transitioning to moderate impairment for these participants are greatly increased over the 

same period.

We and others have previously explored random change-points models to allow the rate of 

cognitive decline to accelerate over the course of the follow-up and to estimate the onset of 

the acceleration as well as the rates of decline before and after such acceleration. While 

useful, change-point models are highly complex and computationally intensive, especially 

when multiple acceleration points are estimated. The application of the latent Markov 

models to longitudinal cognitive measures provides a complementary tool for investigating 

the progression of cognitive aging from normality to the various stages of impairment. We 

choose latent Markov model over regular Markov model for two major reasons. First, we 

observe a fair number of back transitions using annual clinical diagnoses (Table 3). The 

transitions (i.e. from MCI to NCI, and from dementia to MCI or NCI), while informative, 

likely are not reflective of the progressive nature of the dementia process. Second, the 

psychometric properties of our cognitive measures have been rigorously tested and are well-

established. The same measures are administered across individuals at relatively evenly 
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spaced time intervals up to 20 years. The follow-up rate among survivors is extraordinarily 

high, and there is very little missing data. These desirable features of the cognitive measures 

allow us to securely and reliably capture trajectories of cognitive decline.

Limitations of the study are noted. First, we used postmortem pathological indices in the 

analysis. While these indices are useful in differentiating associations with progression of 

cognitive impairment and are important determinants of cognitive decline many years prior 

to death, eventually it may prove possible to measure evolution of the neuropathology in 

vivo and to correlate dynamic changes in pathology with longitudinal cognitive assessments. 

Second, regional distributions of particular pathologies may contribute differentially to the 

progression of cognitive impairment. For example, prior studies suggest that the influence of 

Lewy body pathology on cognitive decline is mostly driven by neocortical Lewy bodies 

(Schneider, et al., 2012, Wilson, et al., 2010). While our current sample size was insufficient 

to determine the influence of neocortical versus other Lewy body pathology, we will 

certainly revisit this important question in future analyses as more postmortem samples are 

being collected.

CONCLUSIONS

In this study, we characterized the cognitive trajectories of a group of community based 

older persons with three progressive stages: a cognitively normal stage, a mild impairment 

stage, and then a more severe impairment stage. We estimated the onsets of impairment, the 

rates of progression from cognitive normality to different stages of impairment, and 

examined how neuropathologies of AD, infarcts and Lewy bodies influenced the 

progression. We found that each neuropathology was associated with a higher risk for 

cognitive impairment in late life, the presence of multiple pathologies further increased such 

risk, and importantly, different sets of neuropathologies were implicated at different stages 

of progression.
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• We fit latent Markov models from longitudinal cognitive data to empirically 

derive three latent stages corresponding to no impairment, mild impairment, and 

moderate impairment.

• We examined the associations of common neuropathologies with the rates of 

transition among these latent stages.

• Participants developed mild impairment 5 years after enrollment, progressed to 

moderate impairment after an additional 3.4 years, and stayed impaired for 2.8 

years before death.

• AD pathology alone nearly doubles the risk of developing cognitive impairment 

in late life, and the presence of multiple pathologies further increases this risk 

over multiple years prior to death.
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Figure 1. 
illustrates latent Markov model by using longitudinal cognitive data (open circles) of a 

representative participant. The asterisk shows time of death. Two vertical dotted lines show 

the most likely visits for the onset of transitions to mild and moderate impairment, based on 

the fitted model.
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Figure 2. 
illustrates estimated transition probabilities for persons with no common pathologies (Panel 

1), AD only (Panel 2), AD and infarcts (Panel 3), and AD, infarcts and Lewy bodies 

diseases (Panel 4). The lower curves in each panel show the probabilities of transition from 

no impairment to cognitive impairment (mild and moderate combined) for a given time 

period (up to 10 years); and the upper curves show the cumulative transition probabilities 

from no impariment to impairment or death. The probabilities are shown for representative 

participants in the sample, that is, for females with 80 years old at baseline and with 15 years 

of education.
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Figure 3. 
illustrates estimated probabilities of transition from no impairment to mild impairment (left 

panel) and moderate impairment (right panel) for a given time period (up to 10 years). 

Within each panel, different curves represent transition probabilities for different burdens of 

common neuropathologies (black: no pathology; blue: AD only; orange: AD and 

macroscopic infarcts; red: AD, macroscopic infarcts and Lewy bodies). The probabilities are 

shown for representative participants in the sample, that is, for females with 80 years old at 

baseline and with 15 years of education.
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Table 1

Presence of neuropathologies in the study cases

Neuropathology Findings

AD1 Macroscopic infarcts Lewy bodies Frequency %

Absent Absent Absent 161 24.66

Absent Absent Present 36 5.51

Absent Present Absent 61 9.34

Absent Present Present 16 2.45

Present Absent Absent 189 28.94

Present Absent Present 61 9.34

Present Present Absent 98 15.01

Present Present Present 31 4.75

Total 653 100%

1
Pathologic diagnosis of AD according to NIA-Reagan criteria
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