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Abstract
Hippocampal sclerosis of aging (HS-Aging) neuropathology was observed in more than 15% of
aged individuals in prior studies. However, much remains unknown about the clinical correlates of
HS-Aging pathology or the association(s) between HS-Aging, Alzheimer's disease (AD), and
frontotemporal lobar degeneration (FTLD) pathology. Clinical and comorbid pathological features
linked to HS-Aging pathology were analyzed using National Alzheimer's Coordinating Center
(NACC) data. From autopsy data extending back to 1990 (N=9,817 participants), the
neuropathologic diagnoses were evaluated from American AD Centers (ADCs). Among
participants who died between 2005-2012 (N=1,422), additional analyses identified clinical and
pathological features associated with HS-Aging pathology. We also compared cognitive testing
and longevity outcomes between HS-Aging cases and a subsample with non-tauopathy FTLD
(N=210). Reporting of HS pathology increased dramatically among ADCs in recent years, to
nearly 20% of autopsies in 2012. Participants with relatively “pure” HS-Aging pathology were
often diagnosed clinically as having probable (68%) or possible (15%) AD. However, the co-
occurrence of HS-Aging pathology and AD neuropathology (AD-NP) did not indicate any pattern
of correlation between the two pathologies. Compared other pathologies, participants with HS-
Aging pathology had higher overall cognitive/functional ability (versus AD-NP) and verbal
fluency (versus both AD-NP and FTLD) but similar episodic memory impairment at one clinic
visit 2 -5 years prior to death. Patients with HS-Aging live considerably longer than patients with
non-tauopathy FTLD. We conclude that the manifestations of HS-Aging, increasingly recognized
in recent years, probably indicate a separate disease process of direct relevance to patient care,
dementia research, and clinical trials.
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Introduction
Hippocampal sclerosis of aging (HS-Aging) is a common neuropathological finding
characterized by cell loss, gliosis, and atrophy in the hippocampal formation that is out of
proportion to Alzheimer's disease (AD) neuropathologic change in the same structures [1–
4]. The clinical presentation of participants with HS-Aging pathology is generally confused
with AD because of overlapping neurocognitive and radiographic features [5]. The presence
of HS-aging pathology is associated with substantial cognitive impairment, which is disease-
specific whether or not other comorbid pathologies are present [6]. HS-Aging pathology is
observed in up to 20% of individuals over age 85 in autopsy series,[2,3,7] and thus, HS-
Aging pathology rivals AD pathology as a cause of cognitive impairment in the elderly
[2,3].

Despite recent advances, there is still a generally poor understanding of HS-Aging.[4] Key
knowledge gaps include clinical correlates of the disease and understanding the correlations
between HS-Aging pathology, AD pathology, and frontotemporal lobar degeneration
(FTLD) in individual patients. There are currently no clinical biomarkers or animal models
specific to HS-Aging to aid clinical differential diagnosis or therapeutic trials. HS -Aging
differs fundamentally from other conditions linked to hippocampal neuron loss (AD,
epilepsy, and hypoperfusion/reperfusion of the brain) including other diseases referred to as
“hippocampal sclerosis”, because HS-Aging has a pathologic marker -- aberrant TDP-43
immunohistochemistry [2,8]. There are important differences between FTLD-TDP and HS-
Aging (clinically and pathologically) although the diseases both manifest with TDP-43
pathology [4]; more work is required to delineate the “border zones” of these diseases.
Genetic polymorphisms have been linked to pathology similar to HS-Aging [9,10] but their
direct relevance to HS-Aging is yet to be confirmed. There is a need for new research using
large autopsy cohorts to provide insight into clinical measures that may be used to identify
individuals with eventual HS-Aging pathology.

To learn more about individuals who died with HS-Aging pathology, we used National
Alzheimer's Coordinating Center (NACC) data from U.S. Alzheimer's Disease Centers
(ADCs). Specifically, data from participants who had been examined clinically with
subsequent neuropathological evaluation were analyzed to gain the following new
information: (1) historical trends in NACC/ADC research participants' pathologic diagnoses
related to HS-Aging (2) demographics, antemortem clinical diagnoses, and APOE ε4 allele
of individuals with eventual HS-Aging pathology (3) evidence for correlation or
independence of HS-Aging pathology with AD pathology in the same cases, and (4) clinical
(neurocognitive) measures of individuals with HS-Aging pathology.

Methods
Data Source and Study Sample

Research volunteers evaluated in one of 34 past and present ADCs throughout the United
States with both reported clinical and autopsy data, beginning in 1990, were the initial data
source for these analyses. For analyses of HS-Aging, participants were excluded if they were
younger than 70 at death to best match all participants to HS-Aging age range, had autopsy
determined prion disease, triplet repeat diseases, brain cancer, any subtype of FTLD, genetic
abnormalities, and other rare neurological diseases. Participants with missing CERAD
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stages of neuritic plaque densities [11], Braak stages for neurofibrillary tangles [12], or
assessment of vascular pathology were also excluded. A separate analysis included
participants of any age at death with non-tauopathy subtypes of FTLD (e.g. ubiquitin
positive, TDP-43 positive, no distinctive histopathology) in order to make comparisons with
HS-Aging. Data were obtained from the NACC Minimum Data Set (MDS), Uniform Data
Set (UDS), and Neuropathology (NP) Data Set [13–15]. The MDS includes standardized
diagnostic data from participants evaluated from 1985 and the UDS includes standardized
clinical, neuropsychological, and diagnostic data from participants that were evaluated
between September 1, 2005 and December 31, 2012. Methods and rationale for the UDS
clinical examination has been previously published [14,15], but briefly, data were collected
by trained clinicians and interviewers. All participants received an initial in-person clinical
evaluation and up to seven follow-up evaluations; data were collected on an approximately
annual basis [14,15]. Research using NACC data was approved by the University of
Washington Human Subjects Division.

Pathological Features
Neuropathologic evaluations, including autopsy, histopathology, and diagnostic assessment,
were performed at individual ADCs, according to their own protocols, and entered into a
standardized format for NACC purposes. In this analysis, HS-Aging pathology was defined
as present if the neuropathologist recorded a “primary or contributing pathologic diagnosis
of hippocampal sclerosis” among participants who died at age 70 years or older, and who
did not have any subtype of FTLD pathology (HS is seen in many FTLD cases but we
hypothesize this indicates a different disease process for reasons described previously[4]).
AD neuropathology (referred to hereafter as “AD-NP”) was operationalized using CERAD
stages of neuritic plaque densities (frequent, moderate, sparse, or none) [11] and Braak
stages for neurofibrillary pathology (Stages 0-VI) [12]. Without recourse to more
quantitative metrics of AD-NP, no operationalization of pathology is perfect. For the
dichotomous operationalization of AD-NP, we applied two different criteria, one more
specific and one more sensitive, to minimize the likelihood of a spurious result linked to our
chosen method. For the more stringent criteria, AD-NP was indicated by Braak Stages V or
VI with CERAD neuritic plaque densities of “moderate” or “frequent”; this analogous to
“high severity” AD neuropathologic changes [16]. Because this stringent criteria could be
insufficiently sensitive to include lower-severity AD cases, we also applied a less stringent
(more sensitive) criteria: Braak Stages III, IV, V, or VI with CERAD “moderate or
frequent”, which is analogous to “intermediate severity” of AD neuropathologic changes
[16] and is referred to as “AD-NP(I)”. Lewy body pathology was characterized according to
established guidelines [17]. Presence of FTLD subtypes were documented and defined for
this analysis according to tau- positive subtypes (e.g. Pick's disease, corticobasal
degeneration, progressive supranuclear palsy, and other tauopathies) and non-tauopathy
subtypes (e.g. ubiquitin-positive/tau-negative inclusions, no distinctive histology, or not
specified but not a tauopathy). Assessment of TDP-43 was not questioned on the NACC NP
form, but allowed as a write-in.

Clinical Characteristics
Demographic characteristics were obtained via structured interviews of the subject and/or
study partner during clinic visits age and year of death were recorded at autopsy. The total
number of UDS visits was recorded and the duration of cognitive symptoms was calculated
as age at death minus age at onset of cognitive symptoms. At each visit, severity of
cognitive symptoms was measured using the Clinical Dementia Rating “sum of boxes”
(CDR-SB) score [18], which ranges from 0-18, with higher scores corresponding to
increasing impairment. A neuropsychological battery was administered to able participants
and included verbal fluency using category fluency, animals generation test [19] and
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episodic memory using Delayed Logical Memory Recall [20]. Using all available
information, clinicians recorded cognitive status (normal, impaired not MCI, MCI, or
dementia) at each visit and determined a clinical diagnosis indicating the suspected etiology
of cognitive impairment for those with impaired cognition. Diagnosis of Probable or
Possible AD was based on NINCDS/ADRDA criteria [21]. APOE genotype was assessed
for subset of participants; number of APOE ε4 alleles was categorized as none, 1, or 2.

Statistical Analyses
HS-Aging as a proportion of pathological diagnoses was described by calendar year of death
for participants who died from 1990-2012 (N=9,817). Additional studies addressed data on
UDS participants among research participants who died between 2005 and 2012 (N=1,422).
Descriptive statistics characterized demographic and clinical features at last visit for
participants with at least one UDS visit. Age-related trends in prevalence of any HS-Aging,
AD, and Vascular neuropathological diagnoses as well as prevalence of clinical primary
Probable AD were also examined (due to small numbers in this convenience sample, non-
demented participants were excluded). Participants could have multiple pathologies
(primary and contributing). Proportions of diagnoses across age were displayed using fitted
polynomial curves. Since HS may share common pathways with, or considered a part of
FTLD (especially FTLD with TDP-43 inclusions), we also examined age-related trends in
prevalence of any HS and non-tauopathy FTLD by plotting Kaplan-Meier survival curves
with age as the time scale of deaths in all UDS participants with HS and/or non-tauopathy
FTLD. Equality of survival functions was tested using the logrank test.

In order to evaluate whether HS-Aging pathology occurs independently of AD-NP, we
described the co-occurrence of HS-Aging pathology with each combination of CERAD
neuritic plaque score and Braak stage. We also described the co-occurrence of Diffuse or
Limbic Lewy body pathology, with each combination of CERAD neuritic plaque score and
Braak stage in order to compare AD pathology with a pathological feature that tends to be
associated with at least moderate AD severity as shown previously [22–24].

To understand how clinical manifestations of HS-Aging pathology and AD-NP differ, we
compared neuropsychological tests previously found to be predictive of HS-Aging (episodic
memory and verbal fluency) [2] among cognitively impaired participants with and without
HS-Aging and AD-NP. This analysis focused on participants with longitudinal data and
mild-to-moderate cognitive impairment (CDR-SB 0.5-15.5) [25] at a visit 2-5 years prior to
death in order to identify cognitive patterns evident in participants likely to receive extensive
cognitive testing in a clinical settings. Participants with severe dementia were excluded since
they often could not complete extensive testing; participants missing education and
participants who did not test in English were also excluded. Cognitive test scores were
recorded as missing for participants unable or unwilling to complete testing. Multivariable
linear regression using generalized estimating equations (GEE) was performed to compare
test scores from a visit 2-5 years prior to death, separately, for participants with and without
HS-Aging and AD pathologies after adjustment for education, and years between visit and
death. Models were additionally adjusted for sex, however, results were similar. Primary
outcomes were CDR-SB, animals generation (verbal fluency) and Logical Memory Delayed
story recall (episodic memory) test scores. The primary exposure was the 4-level HS-Aging
(yes, no) and AD-NP (yes, no) categorical variable. In order to make comparisons in test
scores in relation to relatively “pure” HS-Aging pathology, participants with HS-Aging
pathology and no AD-NP were chosen as the reference group. Predicted test score values
were calculated for each participant based on fitted models for verbal fluency and episodic
memory and displayed using box plots. We also performed a similar analysis to compare test
scores between UDS participants (any ages at death) with non-tauopathy FTLDs, HS-Aging,
and neither. This analysis was restricted to those without AD-NP, since AD could impact
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clinical symptoms of HS-Aging or FTLD. Statistical analyses were performed using STATA
12.0. All tests were two-tailed with α -levels set to 0.05.

Results
We first assessed diagnostic trends among ADC neuropathologists to highlight changes in
the recognition of HS-Aging pathology over time. HS-Aging pathologic diagnoses between
1990 and December 2012 increased from approximately 0% to over 18% of diagnoses in
autopsied NACC participants (Figure 1).

Subsequent analyses were performed on individuals who died after the UDS collection
began; an interval (2005 through 2012) of steady increase in the recognition of HS-Aging
pathology by neuropathologists at ADCs. According to our operationalization among UDS
cases, 118 were cases of HS-Aging (8.2% of autopsies), of which 71 also had AD-NP.
Among the 675 participants who did not have HS-Aging or AD-NP the majority had one or
multiple pathologies: 573 (84.9%) had any severity of vascular pathology (only 39% with
primary or contributing pathological diagnosis of vascular disease), 250 (37.0%) had
intermediate severity of AD (Braak Stage III/IV and frequent or moderate neuritic plaques),
164 (24.0%) had diffuse or limbic Lew body pathology (n=162, 24%), and 89 (13.3%) had a
diagnosis of normal brain. Presence of vascular pathology, Lewy body, or other major
pathologies did not differ significantly between groupings of HS-Aging and AD-NP (p<0.05
for all). The mean number of participants contributed by each ADC was 47.4 (range 2-160
participants).

Subject demographic and clinical characteristics stratified by HS-Aging and AD-NP
categories are described in Table 1. Compared to participants with no HS-Aging pathology,
a higher proportion of participants diagnosed with HS-Aging pathology died in advanced
age (90 years or older) (Table 1). Participants with AD-NP, regardless of HS-Aging
pathology status, however, tended to have died at a younger age, have a family history of
dementia, have one or more APOE ε4 alleles, have an earlier age of onset, and a longer
duration of disease (Table 1). On average, participants with HS-Aging pathology and the
same AD-NP status also had worse cognitive and functional impairment at last visit
compared to those without HS-Aging pathology, but age of onset was similar (Table 1).
There was no significant difference in APOE ε4 allele status between participants with HS-
Aging and without (p=0.23). Results were substantially similar when less stringent criteria
(including cases with less severe AD pathology) for AD neuropathologic changes were
applied (Supplementary Tables 1, 3).

Participants with HS-Aging at autopsy were most often diagnosed clinically with AD
(Probable or Possible) at last visit (Table 1). Over 90% of participants with HS-Aging
pathology and AD-NP were diagnosed with Probable AD compared to only 74.9% of
participants with only AD-NP. Even 68.1% of participants with HS-Aging and no AD-NP
were diagnosed with Probable AD. Rates of pathological diagnoses, charted by age of death,
are displayed in Figure 2 among demented participants. For data with a more sensitive
operationalization of AD-NP to include earlier and less severe cases, see Supplementary
Figure 2. Prevalence of HS-Aging pathological diagnosis was 10.0% overall among
participants with dementia and increased by age at death, as did prevalence of diagnosis of
vascular pathology, which was overall 33.1%. In contrast, AD-NP, with an overall
prevalence of 62.9% among demented participants, decreased as a proportion of dementia
diagnoses every year past age 85 (age at death). Notably, the proportion of primary Probable
clinical AD diagnosed at the last clinical visit remained relatively constant at around 70% of
all clinical dementia diagnoses, even in advanced age of death. Survival curves illustrate that
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participants with non-tauopathy FTLD (with and without HS) tended to die younger than
those with HS and no FTLD (Figure 3).

The relationship between HS-Aging pathology and the continuum of AD-NP was further
evaluated by describing the prevalence of HS-Aging pathology, by each combination of
CERAD neuritic plaques and Braak Stages (Table 2). HS-Aging pathology did not indicate a
specific correlation with AD-NP; however, this neuropathologic manifestation clearly can be
seen both in participants whose brains had high or low levels of AD-NP. For comparison,
we also assessed Diffuse (neocortical) or Limbic Lewy body type pathology which tended to
occur in the highest proportion among those with moderately severe scoring of neuritic
plaques and tangles.

In secondary analyses, we examined potential cognitive predictors of HS-Aging pathology
among 689 participants who had mild-to-moderate cognitive impairment (CDR-SB 0.5-15)
at a visit 2-5 years prior to death (Table 3). This visit corresponded to the initial UDS visit
for approximately 90% of participants. Verbal fluency was missing for 80 participants
(11.6%) and episodic memory was missing for 107 participants (15.5%). Missingness for
each test occurred across the range of CDR-SB scores, but was highest among participants
with AD-NP regardless of HS-Aging (range 13.3%-20.0 %) lower among those without
either HS-Aging or AD-NP (9.5 -11.7%) and lowest among those with HS-Aging and no
AD-NP (3.8% for both tests). Supplementary Table 2 shows the results of the same analysis
but using those without either HS-Aging pathology or AD-NP as the reference group instead
of those with HS-Aging pathology and no AD-NP. Participants with HS-Aging pathology
had higher functioning in verbal fluency and overall cognitive/functional ability 2-5 years
prior to death compared to participants with AD-NP, in multivariable regression analyses
(Table 3). Participants with HS-Aging pathology had lower functioning in episodic memory
2-5 years prior to death compared to participants without either HS-Aging pathology or AD-
NP. Episodic memory in participants with HS-Aging pathology was not significantly
different from participants with AD-NP. Results for verbal fluency and episodic memory are
illustrated using box plots of the predicted values based on the fitted models (Figure 4).
Results were similar when criteria for AD neuropathologic changes were applied that
included less severe pathology (Supplementary Table 3).

Next we examined potential cognitive predictors of HS-Aging pathology compared to non-
tauopathy FTLD pathology among 380 participants without AD-NP who had mild-to-
moderate cognitive impairment (CDR-SB 0.5-15) at a visit 2-5 years prior to death (Table
4). Similar to the comparisons above, participants with HS-Aging pathology had higher
functioning in verbal fluency but similar overall cognitive/functional ability and episodic
memory 2-5 years prior to death compared to participants with non-tauopathy FTLD
pathology, in multivariable regression analyses (Table 4).

Discussion
In the largest sample to date of autopsy-verified HS-Aging pathology in terms of both cases
and controls, we find that HS-Aging pathology is being recognized at autopsy with
increased frequency at the sampled American research centers, particularly in the last
several years. The large majority of autopsy-confirmed HS-Aging cases reported to NACC
were conflated clinically with AD, yet HS-Aging pathology is not linked to APOE ε4 alleles
and prevalence increased (as opposed to AD-NP which decreased) with increasing age of
death beyond age 85. HS-Aging pathology was found in participants with both low severity
of AD and high severity of AD pathology. These findings suggest that HS-Aging and AD
pathologies may occur independently of each other. Among a subset of participants showing
signs of mild to moderate cognitive impairment 2-5 years prior to death, we confirm the
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presence of an HS-Aging neurocognitive profile (relatively low or impaired Logical
Memory Delayed Recall, with relatively high or preserved verbal fluency). HS-Aging
participants were also less impaired overall (based on CDR-SB), so it could be that they
have disproportionate episodic memory impairment rather than less fluency impairment,
however longitudinal analyses would be needed to investigate this hypothesis. Nevertheless,
this cognitive profile provides an indicator of increased risk of HS-Aging pathology.

We performed the current study mindful of caveats linked to retrospective analyses of large
autopsy data sets. There are important sources of bias that encourage caution in interpreting
these data. No autopsy series has true epidemiologic scope because each involves a limited
fraction of the population, <100% autopsy rate, and imperfect clinical and pathologic
diagnostic rubrics. “Dementia clinics”, as represented by most U.S. ADCs, follow cohorts
that differ from a broader population. For example, FTLD prevalence tends to be 5% or
higher at dementia clinics, whereas in epidemiological samples FTLD prevalence is usually
<1% of demented participants [7,26]. Yet, it is difficult to understand how the biases that
lead to over-representation of FTLD, a disease that is clinically devastating, familial in
inheritance, rare, affects younger individuals, attracts arguably disproportionate academic
interest, and is usually accurately diagnosed clinically, would also lead to an over-
representation of HS-Aging, a disease that, by contrast, has a less severe clinical
manifestation, is highly prevalent, affects very old individuals, is almost never accurately
diagnosed clinically, and thus, is largely overlooked by clinicians. Since most individuals
with HS-Aging pathology were diagnosed clinically with AD, the observed differences are
probably not related to recruitment biases even if the prevalence of HS-Aging pathology in
the NACC cohort is not an accurate epidemiologic representation.

The NACC database represents one of the world's largest and highest-quality multicenter
databases, with both detailed clinical and pathological information. The database has been
extensively audited and, indeed, the multicenter derivation of these data provides
opportunities as well as potential pitfalls. This is particularly true for HS-Aging, a disease
that currently lacks comprehensive, consensus-based diagnostic rubrics (clinical or
pathological) and is relatively unknown even at some academic research centers. Thus HS-
Aging may be assessed differently at each ADC, including whether neuropathologists
studied one or both hippocampi. However, any analysis that focuses only on a single
research center cannot indicate the “state of the field” in terms of diagnostic tendencies, as
can be readily achieved with the NACC database (after all, our data do not indicate that HS-
Aging pathology is becoming more prevalent, just that the diagnosis is becoming more
prevalent across multiple centers). Our finding of dramatically increased rate of pathologic
diagnosis -- presumably in part due to the advent of a more specific pathologic marker,
TDP-43 -- for HS-Aging during recent years is certainly more meaningful for having used a
database that draws on dozens of different academic research centers. This finding also
indicates that HS-Aging was almost certainly underdiagnosed in our sample, and some
participants without HS-Aging may have been misclassified; this would have the result of
attenuating true associations.

Although HS-Aging pathology may be associated with heterogeneous underlying cause[s] –
linked previously to vascular factors, AD, and FTLD (see Ref. 4) – there is a need to better
understand the implications of the pathologic observation. We do not find data to indicate
that HS-Aging pathology is either strongly positively or negatively associated with AD-NP.
There is no association between HS-Aging risk and APOE gene alleles (as shown previously
[27,28]) which is a salient observation because APOE ε4 strongly drives AD-NP. There also
is no systematic pattern of overlap between HS-Aging pathologic presence and increasing
severity of AD-NP. Some cases with high AD-NP levels have comorbid HS-Aging
pathology, and our data do not rule out some sort of pathologic synergy in a subset of cases.
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However, there clearly are many cases with low AD-NP, and also with HS-Aging
pathology, which indicates conclusively that, at the very least, HS-Aging pathology does not
require high AD-NP to occur.

These data confirm the importance of differentiating the clinical condition of “dementia”
from AD, according to the underlying pathologies [29]. The natural history of different brain
diseases of advanced age also may differ, although the current study was not designed to
characterize the longitudinal courses of the diseases in detail. In this study sample we found
that participants with relatively “pure” HS-Aging had shorter duration of symptoms, later
age of onset and less severe overall cognitive/functional impairment compared to those with
AD-NP (regardless of our operationalization of AD-NP). This phenomenon may be due to
the relative lack of involvement of neocortical and subcortical structures in HS-Aging.

The presence of HS-Aging pathology in cases with minimal AD pathology is one reason for
the perceived “disassociation” between cognitive status and AD pathology in the “oldest-
old.”[30] Perhaps even more important conceptually, HS-Aging appears to be a true “age-
linked” disease because the peak prevalence correlates with the final stage of human life
(age >90) and each added year of life is associated with an increased risk for demonstrating
HS-Aging pathology at autopsy. Unlike for HS-Aging, our data, in addition to prior work
[31], suggest that the statement “Age is the greatest risk factor for AD” is not accurate
because surviving each additional year above age 90 does not correlate with increased risk
for developing AD pathology.

We conclude that clinicians' abilities to diagnose HS-Aging currently lags far behind that of
pathologists. Over eighty percent of participants with relatively “pure” HS-Aging pathology
in this study were diagnosed clinically with AD. Thus, we need new methods to help
discriminate HS-Aging from AD in clinical participants in order to ensure good clinical
trials for either of these as-yet incurable conditions. Here we provide confirmation that our
earlier-identified neurocognitive profile of HS-Aging [2] (with relatively preserved verbal
fluency despite impaired word list delayed recall performance) indeed points to individuals
at increased risk for HS-pathology. Hopefully, more sensitive and specific methods, i.e.
biomarkers, for identifying HS-Aging cases clinically will be developed. In the meantime,
HS-Aging remains an under-appreciated brain disease of strong relevance to the field of
dementia research.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Proportion of Hippocampal Sclerosis of Aging pathological diagnoses (primary and
contributing) among autopsied participants in the NACC Neuropathology Data Set, by year
of death, 1990-2012 (N=9,187).
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Figure 2.
Trends by age at death for pathological diagnoses in individuals with dementia. Shown are
the primary or contributing pathological diagnosis of Hippocampal Sclerosis of Aging (HS-
Aging), Alzheimer's disease neuropathology (AD-NP), Vascular disease, and Lewy bodies
charted as a proportion of all pathological diagnoses among participants (70-103 years old at
death) with dementia at last visit using fitted curves. (N=1,061).
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Figure 3.
Survival by age for pathological diagnoses for participants with non-tauopathy
frontotemporal lobar degeneration (FTLD), any hippocampal sclerosis (HS), and both.
Survival curves show proportion with HS (n=121), FTLD (n=191), or both (n=19)
remaining alive according to age. Participants with non-tauopathy FTLD (with and without
HS) tended to die younger than those with HS and no FTLD.
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Figure 4.
Box plots showing distribution of predicted scores for animals generation test (verbal
fluency) and Delayed Logical Memory (episodic memory). Predicted values are based on
separate fitted models that included HS-Aging and AD-NP grouping, age at death,
education, and years between clinical visit and death as predictors of each test score.
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Table 1
Participant characteristics at last visit by Hippocampal Sclerosis of aging and Alzheimer's
disease neuropathology (N=1,422)

Characteristic

No HS-Aging Pathology HS-Aging Pathology Present

No AD-NP (n=675) AD-NP (n=629) No AD-NP (n=47) AD-NP (n=71)

N (%) N(%)

Age at death (years)

 70-79 126 (18.7) 219 (34.8) 6 (12.8) 12 (16.9)

 80-89 286 (42.4) 297 (47.2) 20 (42.6) 38 (53.5)

 90+ 263 (39.0) 113 (18.0) 21 (44.7) 21 (29.6)

Sex

 Female 323 (47.9) 279 (44.4) 24 (51.1) 32 (45.1)

Race*

 White 649 (96.3) 597 (94.9) 42 (89.4) 65 (91.6)

 Black 14 (2.1) 23 (3.7) 4 (8.5) 4 (5.6)

 Other 11 (1.6) 9 (1.4) 1 (2.1) 2 (2.8)

Hispanic Ethnicity* 27 (4.0) 21 (3.4) 3 (6.4) 1 (1.4)

Education*

 College graduate 376 (56.0) 338 (54.3) 28 (62.2) 40 (57.1)

Family History of Dementia*

 Yes 208 (40.4) 260 (55.2) 15 (42.9) 23 (48.9)

APOE ε4 alleles*

 0 336 (68.9) 171 (36.5) 22 (68.8) 16 (33.3)

 1 134 (27.5) 226 (48.2) 9 (28.1) 24 (50.0)

 2 18 (3.7) 72 (15.4) 1 (3.1) 8 (16.7)

Cognitive Status

 Demented 363 (53.8) 598 (95.1) 37 (78.7) 70 (98.6)

Primary Clinical Diagnosis

 Probable AD 209 (31.0) 471 (74.9) 32 (68.1) 66 (93.0)

 Possible AD 75 (11.1) 59 (9.4) 7 (14.9) 2 (2.8)

 Normal 204 (30.2) 8 (1.3) 2 (4.3) 1 (1.4)

 Other 187 (27.7) 91 (14.5) 6 (12.8) 2 (2.8)

Mean (SD) Mean (SD)

Number of Visits to ADC 2.4 (1.4) 2.2 (1.3) 2.8 (1.7) 2.5 (1.7)

Age of Onset† (years)* 79.2 (10.1) 73.1 (8.5) 80.6 (9.5) 73.3 (7.6)

Duration of cognitive symptoms† (years)* 6.6 (4.3) 9.4 (4.1) 7.4 (3.8) 11.6 (3.9)

CDR-SB at Last Visit 5.7 (6.0) 13.2 (5.1) 8.8 (6.3) 14.7 (4.6)

Abbreviations: AD-NP, Alzheimer's disease neuropathology (Braak Stages V or VI and “moderate” or “frequent” CERAD neuritic plaque
frequency); CDR-SB, Clinical Dementia Rating “sum of boxes”; HS-Aging, Hippocampal Sclerosis of Aging.

*
Missing data: race (n=1, <1%), ethnicity (n=4, <1%), education (n=14, <1%), family history (n=354, 25.2%), APOE ε4 (385, 27.1%), and age of

onset/symptom duration (n=48, 2.6%).
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†
Among participants with MCI or dementia (n=1,227).
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Table 3
Comparison of Test Scores between Participants with or without HS-Aging and AD-NP.*

Neuropsychological or Clinical Test β† 95% CI p

CDR-SB‡ (N= 689)

 Yes HS-Aging, no AD-NP --- --- ---

 No HS-Aging, no AD-NP 0.42 -1.04, 1.88 0.57

 No HS-Aging, yes AD-NP -2.08 -3.53, -0.64 0.01

 Yes HS-Aging, yes AD-NP -3.43 -5.27, -1.60 <0.001

Animals Generation Test (N=609)

 Yes HS-Aging, no AD-NP --- --- ---

 No HS-Aging, no AD-NP 0.04 -2.04, 2.12 0.97

 No HS-Aging, yes AD-NP -2.48 -4.54, -0.42 0.02

 Yes HS-Aging, yes AD-NP -3.19 -5.88, -0.49 0.02

Delayed Logical Memory (N=582)

 Yes HS-Aging, no AD-NP --- --- ---

 No HS-Aging, no AD-NP 3.32 1.60, 5.05 <0.001

 No HS-Aging, yes AD-NP -0.54 -2.25, 1.17 0.54

 Yes HS-Aging, yes AD-NP -0.66 -2.92, 1.58 0.56

Abbreviations: CDR-SB, Clinical Dementia Rating “sum of boxes”; HS-Aging, Hippocampal Sclerosis of Aging; AD-NP, Alzheimer's disease
neuropathology (Braak Stages V or VI and “moderate” or “frequent” CERAD neuritic plaque frequency).

*
Based on linear regression of each test score from a visit 2-5 years prior to death among participants with mild to moderate cognitive impairment,

and adjusted for age at death, education and years between visit and death.

†
A positive β represents a higher functioning compared to participants with HS-Aging pathology, no AD-NP (chosen as the reference group so

comparisons would be made to those with relatively “pure” HS-Aging pathology);

‡
CDR-SB scores were inverted so that an increase in score =higher functioning
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Table 4

Comparison of Test Scores between HS-Aging and Non-tauopathy FTLD.*

Neuropsychological or Clinical Test β† 95% CI p

CDR-SB‡ (N= 380)

 Yes HS-Aging, no FTLD --- --- ---

 No HS-Aging, no FTLD 0.33 -1.08, 1.74 0.65

 No HS-Aging, yes FTLD -1.03 -2.73, 0.65 0.23

Animals Generation Test(N=342)

 Yes HS-Aging, no FTLD --- --- ---

 No HS-Aging, no FTLD -0.46 -2.58, 1.66 0.67

 No HS-Aging, yes FTLD -3.64 -6.26, -1.01 0.007

Delayed Logical Memory (N=333)

 Yes HS-Aging, no FTLD --- --- ---

 No HS-Aging, no FTLD 3.31 1.21, 5.42 0.002

 No HS-Aging, yes FTLD 0.99 -1.61, 3.58 0.45

Abbreviations: CDR-SB, Clinical Dementia Rating “sum of boxes”; HS-Aging, Hippocampal Sclerosis of Aging; FTLD; Frontotemporal lobar
degeneration.

*
Based on linear regression results of test scores from a visit 2-5 years prior to death among participants with mild to moderate cognitive

impairment adjusted for age at death, education and years between visit and death. Participants with Braak Stages V or VI and “moderate” or
“frequent” CERAD neuritic plaque frequency were excluded.

†
A positive β represents better functioning compared to participants with HS-Aging, no FTLD pathology

‡
CDR-SB scores were inverted so that an increase in score =higher functioning
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