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Abstract

Neuritic plaque (NP) formation can be dated in vivo. This analysis attempts to “date” the 

progression of neurofibrillary tangles (NFT) using the spatial distribution of NP as a reference. 

Autopsy data from 471 participants in the Honolulu-Asia Aging Study (HAAS) were combined 

into latent factor measures of NFT and NP counts. The variance in “early” and “late” NP 

pathology was used to estimate the spatial distribution of “early” and “late” NFT formation. A 

third latent factor representing “non-NP-related NFT” was also constructed. “Early”NP and 

‘Late”NP correlated significantly with objectively early and later cognitive performance, 

respectively. In contrast to our expectations, neocortical NFT correlated best with “early” NP 

pathology, while NFT in allocortical structures correlated best with “late” NP pathology. 

Therefore, the NP-related fraction of NFT appears to be co-localized spatially with NP. However, 

since the latter evolve corticofugally in time, this suggests that NP-related NFT do so as well. 

Corticotropic NFT formation must therefore be either un-related to NP formation, a temporally 

distinct process, or both.
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Introduction

Alzheimer's disease (AD) is associated with neurodegenerative lesions including the 

neurofibrillary tangles (NFT) and neuritic plaques (NP). Their propagation in space and time 

is not well understood. Autopsy data suggest that NFT spread corticotropically from an 
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origin in the allocortex. This has been implicitly incorporated into a series of “Braak Stages” 

describing the pre-clinical appearance of NFT in structures such as the hippocampus and 

entorhinal cortex, followed by neocortical involvement in AD's clinical phases [1].

Unfortunately, autopsy studies are necessarily cross-sectional. It is difficult to confidently 

estimate longitudinal processes from cross-sectional data. We recently tried to overcome this 

limitation by fitting autopsy data to a latent growth curve (LGC) [2]. LGC models were 

developed to estimate change over time in a cohort's serially obtained measurements. We 

applied LGC techniques to the spatial distribution of AD lesions using autopsy data from 

435 participants in the Honolulu-Asia Aging Study (HAAS). The result was a quantification 

of inter-individual variation in inter-regional vulnerability to AD lesions.

Surprisingly, we found that NFT and NP were distributed across differently ordered sets of 

anatomical regions. The gradient of spatial differences in NP (dNP), was significantly 

associated with that of NFT (dNFT), but weakly and inversely (r = -0.12, p <0.001). Only 

dNFT was significantly associated with longitudinal change in cognition. Braak's staging 

system is referenced to NFT, in deference to NP's relatively weak association with cognitive 

impairment.

In contrast to NFT, NP achieve their highest densities in the neocortex. Moreover, the 

relative vulnerability of individual structures to NP formation suggests a corticofugal 

progression [2]. Corticofugal NP development is consistent with the longitudinal evolution 

of β-amyloid in vivo [3-5] and with cross-sectional evidence of neocortical β-amyloid 

deposition in non-demented persons, years before the onset of cognitive impairment [6]. 

Less is known about the evolution of NFT in time, as those lesions cannot be imaged in 

vivo. However, corticofugal NP formation violates the expected propagation of NFT 

described by Braak.

If we assume Braak is correct about NFT formation, then allocortical NFT necessarily 

precede neocortical NFT. Since the appearance of NFT in neocortical regions at autopsy is 

usually associated with dementia [and only rarely with normal cognition [7], and since 

cortical β-amyloid has been shown to precede both allocortical β-amyloid formation and 

dementia [3], then allocortical NFT formation has to develop in isolation (i.e., in advance of 

NP formation in allocortical structures) [8].

That possibility conflicts with the “amyloid cascade hypothesis” [9] which posits that β-

amyloid formation locally precedes NFT formation in the same structure. However, it is 

consistent with our observation that 89% of the brains available in HAAS have evidence of 

NFT formation in CA1, although <50% of participants are unambiguously cognitively 

impaired [10].

In a follow up to our 2012 paper, we related neocortical neuropathology to a LGC of 

observed cognitive change. That analysis allowed us to date the time frame within which 

NFT and NP formation were most likely to have occurred. We found that neocortical NFT 

and NP develop concurrently [11]. Therefore, NFT and NP are both likely to follow 

neocortical β-amyloid formation, consistent with the cascade hypothesis.
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Here we attempt to “date” the progression of NFT across these structures by using the 

spatial distribution of NP as a reference. Since beta-amyloid can be imaged in vivo, its 

longitudinal spatial development can be used to define “early” and “late” NP formation. 

That knowledge can be leveraged to reveal NFT's development through its association(s) 

with regional NP. If neocortical and allocortical NFT represent two distinct tangleopathies, 

the cascade hypothesis might be reconciled with isolated allocortical NFT formation.

Methods

The Honolulu-Asia Aging Study (HAAS): Autopsy tissue and clinical data were obtained 

from HAAS [12] HAAS began in 1991 as an add-on to the Honolulu Heart Program (HHP). 

It is a longitudinal study of heart disease and stroke established in 1965 with the 

examination of 8006 Japanese-American men born 1900-1919. Brain autopsy and cognitive 

exams have been performed continuously since 1991.

HAAS autopsy material

838 autopsies had been performed prior to May, 2010. These represent approximately 20% 

of HAAS deaths since 1991. Demented decedents with autopsies do not differ significantly 

on several demographic and clinical measures from those who have not been autopsied, and 

non-demented and autopsied decedents were similar to autopsied, non-demented decedents. 

Although a diagnosis of dementia increased the likelihood that family members would 

contact the HAAS and /or agree to autopsy at the time of death, previous analyses indicate a 

general comparability across the two groups (demented and non-demented) with regard to 

clinical and demographic features [13]. The current analyses are limited to autopsies 

obtained between 1991 and 2001. Microscopic examinations performed since 2001 have 

been done by a different team of neuropathologists, and have not yet been pooled for 

common analyses. Complete microscopic data generated by the first team are available in 

493 decedents.

The gross exams include external measurements and examination of 1 cm thick coronal 

sections of the entire brain for lacunes and large infarcts. The microscopic exam includes 

multiple stains for each of 38 tissue blocks from the brainstem and left hemisphere [14]. 

These are typically stained using Hematoxylin and Eosin (H&E) staining, Bielschowshi, 

Gallyas, and anti-Aβ. Anti-α-synuclein staining was done on isocortical sections from brains 

in which Lewy bodies were observed in H & E stained sections from the substantia nigra 

and /or locus ceruleus, and on a sample of brains in which no brainstem Lewy bodies were 

observed.

Microscopic AD pathology data include NFT counts, neuritic and diffuse (non- neuritic) 

amyloid plaque densities, vascular amyloid indices, substantia nigra neuronal counts, and 

anti-α-synuclein assessments of isocortical Lewy bodies. Focal ischemic lesions assessed 

included large cortical infarctions, small grey and white matter lacunes and “microinfarcts” 

(i.e., ischemic lesions visible only on light microscopy).
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Pathological materials

Brains were fixed by submersion in 10% neutral formalin. Tissue samples were embedded 

in paraffin. Slides were cut at 8 micron thicknesses and stained as mentioned. Modified 

Bielschowsky, Gallyas and α- synuclein-stained slides were examined to quantify neuritic 

plaques (NP), neurofibrillary tangles (NFT), and to determine Braak stage [1]. NP were 

defined as extracellular accumulations of abnormal agyrophilic and anti-amyloid staining 

aggregates containing a central amyloid core and identifiable neurites (abnormal dark, 

coarse, tangled or irregular neuritic processes). NFT were defined by intraneuronal, 

cytoplasmic dense accumulations of agyrophilic (Bielschowsky or Gallyas stain) 

filamentous material that may be globoid, circumferential or flame-shaped. Extracellular or 

“tombstone” neurofibrillary tangles were interpreted as indicating that the neuron in which 

the NFT had developed had died and deteriorated.

NP, and NFT were enumerated in 5 fields for each anatomical region, with post-assessment 

adjustment to produce counts standardized to areas of 1 square millimeter. Fields with the 

highest counts (2-dimensional densities) were selected for either the total plaque count 

(neuritic plus diffuse) or the total NFT count. Mean NP, and NFT counts were calculated 

across 20 isocortical fields, from the right frontal, parietal, temporal, and occipital lobes.

Cognitive Abilities Screening Instrument (CASI)

The CASI was developed by merging an expanded MMSE (the 3MS) with the Hasegawa 

dementia scale [15-16]. The resulting measure has been rescaled to 100 points (higher score 

is better), and contains items addressing 9 cognitive domains, including long-term and short-

term memory, attention, concentration, orientation, visuospatial abilities, judgment and 

abstract thinking, word fluency and language. This analysis is restricted to participants with 

“normal” cognitive performance (CASI > 70/100) at baseline (N = 471).

Statistical Approach

Latent Neuropathology Measures

We constructed latent neuropathology measures derived from observed regional lesion 

counts supplied by HAAS. The raw pathological data were submitted to confirmatory factor 

analyses in a structural equation modeling (SEM) framework. All observed indicators were 

adjusted for age at death, last CASI score available, and education. All analyses were 

performed using Analysis of Moment Structures (AMOS) software [17].

First, we constructed latent variables (ovals) representing “Early” (EarlyNP) and “Late” 

(LateNP) NP pathology (Figure 1). These are indicated by observed variables (squares) 

representing NP counts in regions affected early and late in AD's clinical evolution, 

according to longitudinal studies of in vivo amyloid formation [3-5]. The validity of these 

two factors was confirmed by factor analysis.

Next we constructed latent variables representing the variance in NFT counts shared with 

those “early” and “late” NP lesions (i.e., “EarlyNFT” and “LateNFT” respectively). The NP-

derived latent variables (EarlyNP and LateNP) were themselves used as indicators of these 

new latent constructs. At this stage, all the variance in regional NFT counts was effectively 

Royall and Palmer Page 4

J Alzheimers Dis. Author manuscript; available in PMC 2015 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



been parsed between: 1) that which is shared with “Early” NP lesions, 2) that which is 

shared with “Late” NP lesions, and 3) residual measure specific “measurement error”, 

including any interregional NFT variance not related to NP.

In Figure 1, the observed NFT variables have been ordered in a specific corticotropic 

sequence from left to right [i.e. Cornus Ammon 1 (C) > subiculum (S) > temporal (T) > 

parietal (P) > frontal (F)]. We have previously shown that this sequence best describes the 

interregional vulnerability of these structures to NFT formation in the HAAS sample [2].

It was our intention that a spatial gradient should emerge from the factor loadings between 

each successive structure and the latent variables “EarlyNFT” and “LateNFT”. In this way, 

the temporal propagation of NFT across these structures might be revealed. We predicted 

that hippocampal NFT counts would be most strongly associated with “early” NP 

development in the neocortex, and that neocortical NFT will be most strongly associated 

with “late” NP in the hippocampus, i.e., that NFT and NP formation would originate in 

different locations and propagate toward each other. Furthermore, we hoped to leverage the 

temporal evolution of NP derived from recent imaging data in order to “date” the spatial 

distribution of corticotropic NFT formation, as described by Braak.

However, model fit at this stage was marginally adequate and the residuals of the latent 

factors' NFT indicators had to be densely intercorrelated to achieve that fit. This suggested 

the existence of additional factor(s) indicated solely by the NFT variables. We therefore 

added such a factor and labeled it “non-NP-related NFT”. The final model is presented in 

Figure 1.

Missing data

AMOS uses Full Information Maximum Likelihood (FIML) methods to address missing 

data. FIML uses the entire observed data matrix to estimate parameters with missing data. In 

contrast to listwise or pairwise deletion, FIML yields unbiased parameter estimates, 

preserves the overall power of the analysis, and is currently the accepted state-of-the-art 

method in addressing issues of missing data [18-19].

The final model contains only pathological variables and covariates, including age at death, 

and last CASI score. The analysis was limited to cases with normal baseline CASI scores. 

Pathological material was limited to 471 cases with normal baseline CASI scores and 

complete autopsy data. Last CASI score and date of death were available in 440 or those. 

Braak stage was available in 240.

Goodness of fit

The fit of each structural model was assessed using three common test statistics. A non-

significant chi-square signifies that the data are consistent with the model [20]. However, 

this statistic is vulnerable to large sample sizes, and often ignored in favor of additional 

measures. A root mean square error of approximation (RMSEA) of 0.05 or less indicates a 

close fit to the data, with models below 0.05 considered “good” fit, and up to 0.08 as 

“acceptable” [21]. The comparative fit index (CFI) compares the specified model with a 

model of no change [22]. CFI values below 0.95 suggest model misspecification. Values 
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>0.95 indicate adequate to excellent fit. The Browne Cudeck Criteria (BCC) [23] address the 

issue of parsimony and is useful for comparing two models that are not necessarily nested, 

with lower BCC values indicating better fit.

Results

Sample characteristics are presented in Table 1. Mean lesion counts by anatomical region 

have been reported elsewhere [2]. Model fit was excellent (χ2:df = 108.0:32, p <0.001; 

RMSEA = 0.027; CFI= 0.976; BCC = 315.05).

The NP data load strongly on “EarlyNP” and “LateNP” (Figure 1). This suggests that they 

are robust factors. Their validity is further supported by their relative associations with pre-

morbid CASI scores (Table 2). Only EarlyNP is significantly associated with Exam 5 CASI 

performance (circa 1994-1996) (partial r = -0.19, p = 0.003, adjusted for age at baseline, 

education, and LateNP). Only EarlyNP is again significantly associated with Exam 6 CASI 

performance (circa 1997-1999) (partial r = -0.16, p = 0.037). However, LateNP's association 

increases in strength and approaches significance. In contrast, only LateNP is significantly 

associated with Exam 7 CASI performance (circa 1999-2000) (partial r = -0.29, p = 0.023, 

adjusted for age at baseline, education, and EarlyNP). This suggests that from a non-

demented baseline, neocortical NP can propagate into the allocortex over a period of 2-3 

years, while neocotical NP formation slows or remains stable. Both findings are consistent 

with longitudinal β-amyloid neuroimaging [6].

The NFT data are distributed across three factors: EarlyNFT, LateNFT and Non- NP-related 

NFT. EarlyNFT and LateNFT are not significantly correlated with each other, nor are they 

significantly correlated with each other's residual in NP counts. Thus, they appear to be 

orthogonal. Together (with covariates), these factors account for 100% of the variance in 

CA1 NFT counts, 47% of the variance in subiculum NFT counts, 84% of the variance in 

temporal lobe counts, 74% of the variance in parietal lobe counts, 77% of the variance in 

frontal lobe counts, and 33% of the variance in occipital lobe counts.

The latent variables EarlyNP and LateNP load significantly on “EarlyNFT” and “LateNFT” 

respectively, suggesting that early and late NP pathology share variance with regional NFT 

counts. The amount of variance shared by early NP and early NFT is relatively modest (R = 

0.14) compared with the variance shared between late NP and late NFT (R = 0.76). This 

suggests that neocortical NP and NFT formation are much more tightly bound than are 

allocortical NP and NFT formation.

There is also wide variation in the strengths of the regional loadings within the Early and 

Late NFT factors. In contrast to our hypothesis, NFT in neocortical regions (frontal lobe r = 

0.62; parietal lobe r = 0.59, and temporal lobe r = 0.53) are most strongly associated with 

“Early” NP counts in the same structures. NFT in hippocampal regions (CA1 |r|= 0.58; 

subiculum |r|= 0.67) are most strongly associated with “Late” NP counts in those two 

structures.

In general, these factor loadings reveal that regional NP-related NFT counts share most 

variance with NP counts in the same structures. This does not seem surprising until one 
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realizes that the observable corticofugal temporal spread of β-amyloid is incompatible with 

the hypothesized corticotropic temporal spread of NFT hypothesized by Braak, and 

confirmed in cross-sectional autopsy data [2].

Moreover, not all the variance in NFT is NP-related. Our model posits a third compartment 

of variance in NFT counts: “Non-NP-related NFT”. Model fit is substantially and 

significantly reduced if this factor is omitted from the model (χ2:df = 276.20:39, p <0.001; 

RMSEA = 0.043; CFI= 0.925; BCC = 469.17). Non- NP-related NFT is most strongly 

associated with NFT in CA1 (r = 0.78), the frontal lobe (r = 0.60) and the parietal lobe (r = 

0.57) (all p <0.001).

The relative variation in regional NFT counts that is attributable to each latent construct can 

be simultaneously compared. CA1 NFT counts are significantly associated with all three 

latent variables, but most strongly associated with Non- NP-related NFT. Subiculum NFT 

are most strongly associated with Non-NP- related NFT and have no significant association 

with Early-NP-related NFT. This suggests that the subiculum might be involved late in the 

AD process, despite its close physical and neuroanatomical proximity to CA1. The temporal 

lobe seems to be vulnerable to all three NFT forming processes. In contrast, the frontal and 

parietal lobes are relatively unaffected by late NP-related NFT formation.

Finally, we examined the associations between all three latent NFT factors and Braak stage, 

in a multivariate regression model. Age at death, last CASI and education were entered first 

and explained 11% of the variance in Braak stage. 51% was explained after the addition of 

EarlyNFT, LateNFT and non-NP-related NFT to the model. LateNFT (partial |r|= 0.576) and 

non-NP-related NFT (r = 0.332) made significant independent contributions to Braak stage 

(both p <0.001). EarlyNFT made no significant independent contribution.

Discussion

This analysis offers revealing insights into NFT formation. First, at least two NFT forming 

processes appear to be responsible for the observed pattern of interregional NFT counts. 

Only one of these is NP-related. Together, NP-related and NP independent NFT formation 

account for the majority of variance in neocortical NFT counts, and essentially all the 

variance in CA1 counts.

Second, NP-related NFT are co-localized with NP in the same regions. Since the temporal 

development of NP can be estimated by longitudinal in vivo β-amyloid imaging, this finding 

has implications for the temporal evolution of NP-related tangleopathy. Like β-amyloid, NP-

related NFT may develop pre-clinically in the neocortex and propagate corticofugally 

towards the allocortex. This speculation is supported by CA1 and notably the subiculum's 

relatively strong associations with late, as opposed to early NP-related NFT, the relatively 

strong associations of EarlyNFT to neocortical structures, and the lack of any significant 

association between late NP-related NFT formation and NFT counts in the parietal lobe. The 

subiculum is a major center for hippocampal corticotropic output [24]. Its specific 

involvement by late as opposed to early NFT formation supports the concept of corticofugal 

retrograde transynaptic propagation of neocortical NFT.
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We have previously shown in HAAS data that NP are arranged corticofugally in space [2] 

and that neocortical NFT develop contemporaneously with neocortical NP over the course 

of CASI surveillance [11]. This supports our conclusion that NP-related NFT formation is 

corticofugal, and suggests that the process has clinical consequences.

Several previous studies support the possibility that only NP-related NFT formation has 

clinical consequences. Neocortical NFT are more clinically salient [25]. NFT counts in the 

entorhinal cortex and hippocampus are associated with the cognitive performance of normal 

elders, whereas NFT formation in neocortical structures is associated with clinical AD 

[26-28].

We have related neocortical NFT and NP to longitudinal change in cognition [11]. We found 

that the cognitively-salient fractions of NP and NFT develop concurrently, a decade or less 

before death, and not before. Since those lesions were measured in the neocortex, 

cognitively salient NFT formation also probably represents NP-related NFT formation, 

which we have found here to propagate corticofugally. Therefore, our findings appear to 

contradict the progressive hierarchical propagation of NFT described by Braak, and 

incorporated into current dementia staging [1, 29]. On the other hand, since mean NFT 

counts nevertheless appear to be corticotropically oriented on average, NP-related NFT 

formation may not be the dominant tangleopathy in this cohort.

The obvious candidate for corticotropic NFT formation would be non-NP-related NFT 

formation. The temporospatial development of that process cannot be determined from this 

analysis but, if it were found to be the case, Braak's system would describe an unlikely AD-

related tangleopathy. First, non-NP-related NFT formation is by definition not NP-related, 

and second, allocortical NFT are less clinically salient. However, if non-NP-related NFT 

formation is in fact the dominant corticotropically distributed process, that might explain 

why a significant fraction of autopsies present “outside the box” of expected corticotropic 

NP- related NFT propagation [30]. Moreover, since both processes contribute independently 

to the observed NFT counts in any region, it would be impossible to distinguish them by 

visual inspection, especially in a single case or small case-series.

Furthermore, since Braak stage at autopsy is significantly associated with two latent 

constructs, it too risks to confound NP-related and NP-independent tangleopathies, 

especially if they co-occur in the same brains. That possibility cannot be determined by this 

analysis. Both processes might co-occur in the same brains, or either could manifest 

uniquely in subgroups of the HAAS participants.

It has been suggested that neocortical NFT in the absence of NP may represent a distinct 

pathological entity [31]. Non-NP-related NFT's strong associations with CA1, the frontal 

and parietal lobes suggests that this process may be a candidate to explain one of the 

atypical frontal lobe “AD” syndromes [32]. However, NFT counts in the absence of NP also 

appear to be less strongly associated with dementia risk [33] and might be due to normal 

aging or other factors. Finally, a very late onset NFT-“only” dementia has been described, 

that is largely limited to the allocortex [34]. Thus, our non-NP-related NFT factor may 

encompass several different conditions.
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In contrast to neocortical NFT, allocortical NFT in the absence of NP is a common autopsy 

finding. This is often interpreted as a pre-clinical manifestation of AD [35]. However, non-

demented cases with allocortical NFT are more likely to be due to the non-NP-related NFT 

forming process because NP-related NFT formation appears to originate in the neocortex 

and because neocortical NFT are clinically salient, and therefore potentially dementing. 

Neocortical NFT formation in the absence of neocortical NP is rare, but has also been 

reported [31, 33].

Since isolated neocortical NFT formation is rare, while isolated allocortical NFT formation 

is not, either non-NP-related NFT formation begins the allocortex and is trapped there, or it 

frequently progresses to the neocortex and is overrun by corticofugal NP-related NFT 

formation.

The first possibility is supported by the subiculum's relatively weak association with non-NP 

related NFT. If hippocampal NFT were propagating coticotropically, the subiculum would 

be strongly affected. In HAAS, subiculum counts are relatively low compared with CA1, 

although those structures are separated by a single synapse. Regardless, subiculum NFT are 

much “closer” to neocortical neuropathology [2]. This suggests a “barrier” to corticotropic 

NFT propagation between CA1 and the subiculum (and /or corticofugal entry of the 

hippocampus via the subiculum in a relatively small subset of cases).

The latter possibility is supported by strong associations between non-NP-related NFT and 

neocortical NFT counts. Moreover, corticotropic non-NP-related NFT formation would have 

to be usually overrun by corticofugal NP-related NFT formation, because corticotropic NFT 

formation appears to dominate the autopsy record and otherwise there would be many cases 

with isolated NFT lesions at high Braak stages. This suggests that NP-related and non-

related NFT formation may be parts of a coordinated process, co-localized in the same 

brains.

Our analysis has several significant limitations. HAAS may not represent an unbiased 

distribution of regional NP and NFT burdens. The data would be unbiased only if they were 

sampled from a typically aged-distributed population. However, the autopsy panel favors 

older decedents and demented decedents [10]. Moreover, HAAS as a whole is limited to 

Japanese-American males. Despite these limitations, the HAAS is a population-based cohort 

and much closer to this ideal than many comparable large convenience samples.

Brain harvesting, cutting, and staining are vulnerable to myriad technical errors. However, 

not only did HAAS exert systematic quality controls, latent variables are inherently resistant 

to non-systematic measurement error of any kind [36]. Another potential limitation arises 

from the fact that β-amyloid imaging is sensitive to both neuritic and diffuse plaques (DP). 

We did not model DP in this analysis, although such data is available for future analysis. 

Finally, we also ignored Lewy bodies, which are commonly found with NFT and might 

interact with some of these constructs.

In summary, the NP-related fraction of NFT appears to be co-localized spatially with NP. 

That finding has implications for the temporal spread of NFT. Since NP evolve 

corticofugally in time, this suggests that NP-related NFT do so as well. This challenges the 
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presumed corticotropic evolution of AD lesions, which is the foundation of Braak staging. 

Non-NP-related NFT formation may also occur, and could indeed be corticotropic. If so, 

then it must be the dominant tangle forming process. Never the less, it seems unlikely to be 

clinically salient and very likely to be “overwritten” by clinically salient corticofugal NP-

related NFT formation. This suggests that the two processes are related. Clinically silent 

corticotropic NFT formation may therefore trigger clinically salient NP-related cofticofugal 

NFT formation. Further analyses are required to better understand the temporal spread of 

NFT. If these findings stand, they may have broad implications for AD staging, and our 

conceptualization of that disease's natural history.
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Figure 1. 
Observed NP-related NFT Counts are Most Strongly Associated with “Early” and “Late” 

NP lesions in the Same Regions of Interest*.

* Restricted to subjects with unimpaired CASI > 70/100 at baseline. All observed indicators 

are adjusted for age at death, last CASI score, and education.

χ2 = chi-square; BCC = Browne Cudeck Criteria; CASI = Cognitive Abilities Screening 

Instrument; CFI = comparative fit index; df = degrees of freedom; NFT = neurofibrillary 

tangle (C = CA1 NFT, F = frontal lobe NFT, O = occipital lobe NFT, P = parietal lobe NFT, 

S = subiculum NFT, T = temporal lobe NFT); NP = neuritic plaque (Cnp = CA1 NP, Fnp = 

frontal lobe NP, Onp = occipital lobe NP, Pnp = parietal lobe NP, Snp = subiculum NP, Tnp 

= temporal lobe NP); RMSEA = root mean square error of approximation.
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Table 1

Demographic Features of Autopsied Decedents*

N Mean SD

Baseline Age (yrs) 471 77.8 4.4

Education (yrs) 471 11.1 3.3

Baseline CASI Score 471 86.8 6.6

Last CASI Score Before Death 440 72.1 22.4

Age at Death (yrs) 440 86.3 5.1

Braak Stage 240 3.6 1.3

Brain Weight (g) 471 1233.7 123.5

*
Restricted to subjects with unimpaired CASI > 70/100 at baseline.
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Table 2

Partial Correlations from Multivariate Regression Models*

Predictors

Outcomes “Early” NP “Late” NP

Model 1 Exam 5 CASI -0.19, p = 0.003 -0.06; p = 0.43

Model 2 Exam 6 CASI -0.16, p = 0.037 -0.18, p = 0.061

Model 3 Exam 7 CASI -0.02, p = 0.858 -0.29, p = 0.023

*
Standardized parameters. Restricted to subjects with unimpaired CASI > 70 at baseline and adjusted for age at baseline, and education.
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