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Abstract

We investigated the distribution of neuropathologically defined dementia subtypes
among individuals with dementia disorder. The neuropathological reports were studied
on all patients (n = 524; 55.3% females; median age 80, range 39-102 years) with
clinically diagnosed dementia disorder who underwent complete autopsy including
neuropathological examination within the Department of Pathology at the University
Hospital in Lund, Sweden, during the years 1974-2004. The neuropathological
diagnosis was Alzheimer’s disease (AD) in 42.0% of the cases, vascular dementia
(VaD) in 23.7%, dementia of combined Alzheimer and vascular pathology in 21.6%,
and frontotemporal dementia in 4.0% of the patients. The remaining 8.8% of the
patients had other dementia disorders, including combinations other than combined

Alzheimer and vascular pathology. The registered prevalence of dementia subtypes
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depends on many variables, including referral habits, clinical and neuropathological
judgments and diagnostic traditions, all of these variables potentially changing over
time. This, however, does not seem to obscure the delineation of the major dementia
subgroups. In this material of 30 years from Lund in the south of Sweden, AD by far
dominated among dementia subtypes, while cerebrovascular pathology corresponded
with the dementia disorder, either entirely or partly, in almost half of the demented

patients.
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1. Introduction

Dementia is a frequent disorder in elderly people, according to some of the more
comprehensive epidemiological investigations affecting 6% of the European (Lobo et
al., 2000) and 7% of the North American population (Krishnan et al., 2005) aged 65
years and older. In these large epidemiological studies, the major dementia subtypes
were AD and VaD. In the European study, AD represented 53.7% and VaD 15.8% of
the patients, while the figures were 44.6% and 11.9%, respectively in the American
investigation. However, the dementia subtype diagnoses in the referred studies were
based on clinical examination only, and not confirmed with postmortem
neuropathology.

The accuracy of some clinical criteria for dementia subtypes have been evaluated in
prospective clinico-pathological studies on populations of patients with various
dementia subtypes (Jobst et al., 1998; Holmes et al., 1999; Lim et al., 1999). These
studies, mainly focusing on AD, showed that the clinical criteria for probable AD — as
formulated by the NINCDS-ADRDA Work Group (McKhann et al., 1984), using the
histopathological CERAD criteria (Mirra et al., 1991) as control — have a sensitivity in
the range of 49-83% and a specificity spanning 55-100%. One of the studies (Holmes et
al., 1999) also presented corresponding analyses of VaD and dementia with Lewy
bodies (DLB), indicating that, when correlating clinical diagnosis with subsequent
neuropathologic analysis, the clinical criteria for these dementia subtypes have a lower
sensitivity and a somewhat higher specificity.

These studies emphasize the importance of neuropathological examination for

correct diagnosis of dementia subtype, as mismatching in clinical and histopathological



phenotypes does occur. In other words, different histopathological features may cause a
similar clinical condition in demented patients, while patients with different clinical
conditions may have histopathological features of the same type. Therefore, it is
important to distinguish between clinical and pathological principles for description of
dementia, at least until etiology and pathogenesis is better understood, as has been
suggested in reports from a long time-span (Roth, 1971; Gustafson, 1996; Mathuranath
et al., 2000).

The aim of the present study was to investigate the prevalence of dementia subtypes,
on the basis of neuropathological examination, from the reception area of the Lund

University Hospital, Sweden.

2. Material and methods

2.1. Study population

In this retrospective study, all patients who died in the years 1974-2004 and fulfilled
the following three criteria were included:

(1) A clinically diagnosed dementia disorder.

(2) A complete autopsy including neuropathological examination performed within
the Department of Pathology at the University Hospital in Lund.

(3) A neuropathological condition in accordance with dementia disease.

In the very majority of the cases, the clinical diagnosis was transferred to the
Department of Pathology via the autopsy referral — when missing (less than 2% of the

patients) the medical records were consulted. Patients with clinical dementia where



neuropathological examination did not reveal significant pathology (less than 1% of the

cases during the studied years) were not included in the study.

2.2. Data collection

The neuropathological reports on all included patients (n = 524) were studied (i.e.
the slides were not re-examined). Dementia subtype was recorded for each patient, the
classification being in adherence with the Swedish consensus on dementia (Wallin et
al., 1994). The subtypes were generally defined in accordance with criteria for AD, VaD
and frontotemporal dementia (FTD) respectively (Braak and Braak, 1991; Mirra et al.,
1991; Brun, 1994; The Lund and Manchester Groups, 1994), from the time they

appeared.

3. Results

3.1. Neuropathological diagnoses

Of the 524 patients, the neuropathological diagnosis AD was found in 220
individuals, VaD in 124, dementia of combined Alzheimer and vascular pathology
(AD + VaD) in 113, and a diagnosis within the FTD group in 21 cases. The remaining
46 patients had other diagnoses, including combinations of dementia disorders other
than combined Alzheimer and vascular pathology. Patient characteristics are presented

in Table 1.



The FTD group consisted of 14 patients with frontal lobe degeneration of non-
Alzheimer type (FLD), 2 with motor neuron disease type of FTD, and 2 patients with
Pick’s disease. Also, the group included 2 patients who exhibited the traits of
corticobasal degeneration (CBD), and a single case that was classified as cortico-striato-
nigral degeneration.

The heterogeneous group ‘other dementia disorders’ included patients with
dementia judged to be wholly or partially caused by trauma (n=7"), tumor (n=5, see
footnote 1), Creutzfeldt-Jakob disease including Gerstmann-Stréussler-Scheinker
syndrome (n=4 + 1), hemodialysis (n=4), alcohol abuse (n=2), multiple system atrophy
(n=2), post-surgical radiation (n=2), herpes encephalitis (n=1), Huntington’s disease
(n=1), multiple sclerosis (n=1), neurosyphilis (n=1), or vascular malformation (n=1).
Furthermore, there were three patients with dementia caused by a combination of
Alzheimer pathology and frontal lobe degeneration, and one patient each with diffuse
Lewy body disease without any other pathology, dementia caused by CBD combined
with Alzheimer pathology, and dementia caused by progressive supranuclear palsy
(PSP) combined with Alzheimer and vascular pathology. Also, there were nine patients

with dementia of unresolved subtype.

! In one of the tumor patients, trauma also most likely contributed to the dementia

disorder.

3.2. Alzheimer and vascular pathology



As stated above, 333 patients had either AD or AD + VaD, while 237 patients had
VaD or AD + VaD. Among the 46 patients with ‘other dementia disorders’, Alzheimer
and vascular pathology was considered to contribute to the dementia in 16 and 14
patients respectively. Thus, in total, 349 patients (66.6% of all patients) had Alzheimer
pathology of such degree that it was judged to contribute to the dementia disorder, while
251 (47.9% of all patients) had vascular pathology of a similar, seemingly significant

degree.

3.3. Lewy body pathology

Brainstem, subcortical and/or cortical Lewy bodies (LB) were reported in 37 of the
patients with AD, 2 of the patients with VVaD, and in 7 of the patients with AD + VaD.
A presence of LB was not reported in any patient with FTD, while 3 patients with “other
dementia disorders’ exhibited LB, including the one patient with widespread LB
pathology as the sole finding (the only patient diagnosed as neuropathological DLB).
Thus, 49 patients (9.4% of all patients) had a presence of LB, with or without other
Lewy related pathology such as Lewy neurites, and in the patients considered to have

significant Alzheimer pathology, 12.9% had concomitant LB.

4. Discussion

In this study we present the prevalence of different dementia subtypes based on the

reports from neuropathological examination on a relatively large number of individuals

with clinically diagnosed dementia. One of the criteria for inclusion in the study was



complete autopsy performed at the Department of Pathology at the University Hospital
in Lund. Deceased patients referred to the Department of Pathology from outside of the
reception area for neuropathological examination (with autopsy at the local hospital)
were thus excluded from this study. Consequently, the analysis may essentially
represent the known population of demented patients, as defined within this region.

The study population of the present report partly overlaps that of an earlier
longitudinal study from Lund, ongoing since 1968 (Brun and Gustafson, 1993).
However, the populations differ through the strict adherence to autopsied cases in the
present study, whereas diagnosed dementia cases from peripheral sites —
neuropathologically investigated in Lund — were included in the presentation from
1993. Furthermore, only early onset dementia cases were selected during the first phase
of the previous Lund study.

In the present study, some potential sources of error can readily be identified:

(1) Selection bias: In Lund, patients with dementia have usually been diagnosed and
followed up at primary care level or at the Department of Psychogeriatrics. Upon death,
referral for autopsy has been particularly high from the latter, due to the mentioned
Lund Longitudinal Dementia Study (Brun and Gustafson, 1993). In contrast, the
autopsy rate in patients who have been followed up solely at a primary care level has
been lower, and the selectivity, in this respect, may to some extent have influenced the
proportional distribution of dementia subtypes at the Department of Pathology.
Furthermore, patients with Parkinson’s disease (PD) and other primary
neurological/motor function diseases have usually been recognized and followed up at
the Department of Neurology — dementia disorders are traditionally rarely handled

within this specialty. From the former category, referral for autopsy upon death has



been but exceptional. As the frequency of dementia is high in patients with PD
(Cummings, 1988; Jellinger, 1997; Aarsland et al., 2003) and since this disease category
by prevalence is not negligible, this referral bias is likely to have influenced the findings
in the present study.

(2) Missed inclusion: In the present study the inclusion criteria were dementia
disorder according to clinical records, as well as in accordance with neuropathological
examination, and complete autopsy. It is unlikely that these criteria would erroneously
have included any non-demented patients. However, there were nine patients with
clinical records of dementia who underwent autopsy but not neuropathological
examination during the investigated years, and also seven individuals that fulfilled all
criteria, but in whom full pathological information was not retrievable. These cases
were comparable to the whole group with regard to clinical diagnosis, age and sex, and
their exclusion probably did not cause any significant imbalance of the study
population.

(3) Neuropathological diagnostics: There are circumstances that may cause or
contribute to a dementia syndrome but which normally are not revealed at pathological
examination, such as alcohol abuse and vitamin B12 deficiency. Similarly, clinically
detected normal pressure hydrocephalus typically manifests as central atrophy, for
which many neuropathological diagnoses may apply. Furthermore, during the more than
30 years covered in the present study, the neuropathological procedures and
classification of dementia disorders have changed, as in all major diagnostic centers
world-wide. Here, for example, one patient was classified as exhibiting cortico-striato-
nigral degeneration, a diagnosis no longer used, while in 1999, the first case of CBD

appeared, exhibiting the traits of a disease which to our understanding represents a



similar, though not identical, disease. Also, there were nine patients with dementia of
unresolved subtype, all autopsied in the 1970s and 1980s. Had these patients been
examined today, more precise diagnoses most likely would have been reached, as
staining and description of neuropathological findings have developed. We recognize
the value of upgrading the entire study material to modern staining and classification
criteria in the future.

The diagnosis AD + VaD has, more importantly, remained constant over the years.
Only patients with Alzheimer and vascular pathology of such degree that both were
likely to have caused or contributed to the dementia were classified as AD + VaD, while
those with significant Alzheimer pathology and a minor vascular component, such as a
single minor infarction, were classified as AD.

From a neuropathological perspective, FTD denotes the diagnoses FLD, motor
neuron disease type of FTD, and Pick’s disease (The Lund and Manchester Groups,
1994). Here, we also included CBD and PSP, considering the similarities of these two
diseases to the FTD variants (Josephs et al., 2006), although no case of “pure” PSP was
found in the study material. This is in accordance with the recently published consensus
statement on frontotemporal lobar degeneration (FTLD) (Cairns et al., 2007), FTLD
today being a commonly used umbrella term for the group.

On neuropathological grounds, the diagnosis DLB has repeatedly been considered
but only rarely employed within our department. In order to examine the frequency of
patients with Lewy related pathology as a potential contributing factor to dementia, the
histopathological presence of LB, as recorded in the neuropathological reports, was
noted in the present study. It is most likely that the presence of LB is underreported, as

staining with antibodies against ubiquitin or a-synuclein has not been routine during
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most years during the study period, and LB may be difficult to detect without either of
these stains (Lennox et al., 1989; Spillantini et al., 1997), at least when the presence of
LB is sparse.

In the present study, all but one of the patients identified with LB also had other
significant dementia-related pathology, which is in accordance with a previous
retrospective follow-up study on patients with clinical DLB (Londos et al., 1996). It is
not known in how many of the patients the concomitant LB actually may have
contributed to the dementia disorder. If regarding LB as suggested in the proposed DLB
criteria (McKeith et al., 2005), 1.3% of the cases in the present study material would be
classified as neuropathological DLB, based on the reported pathological findings.
However, the figure would be 7.2% if including only the patients examined 1998 or
later (since the introduction of a-synuclein staining at our department). Forthcoming
studies will further address the issue of LB and synuclein pathology.

In the literature, there are several consecutive autopsy studies or investigations on
comparable populations of demented patients neuropathologically examined upon
death. However, only a few of these studies include a reasonably large number of
patients and present detailed information on dementia subtypes. Table 2 demonstrates
the distribution of demented patients among dementia subtypes in the 6 largest studies
found (Galasko et al., 1994; Victoroff et al., 1995; Jellinger, 1996; Akatsu et al., 2002;
Barker et al., 2002; Fu et al., 2004), together with the results of the present
investigation. When needed, the study populations have been regrouped in order to
facilitate comparison with the present study and with each other (with reservations due
to sparse information concerning diagnostic considerations on some patient groups).

However, in two of the studies (Galasko et al., 1994; Victoroff et al., 1995) it was not
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possible to separate patients with FTD from those with ‘other dementia disorders’. The
compared studies used different terminology for dementia associated with LB, such as
dementia with Lewy bodies, diffuse Lewy body disease and Lewy body variant of
Alzheimer’s disease. In Table 2, the term dementia with Lewy bodies is used,
representing patients with LB considered contributing to the dementia disorder, with or
without concomitant Alzheimer pathology, excluding patients classified as PD with
dementia or AD with PD. As previously discussed, the patients with LB pathology in
our study have been classified depending on the major type of neuropathological
findings, why these patients are found mainly in the groups AD and AD + VaD.

As evident from the listed dementia subtypes in all studies (Table 2), AD was the
most common dementia subtype in all studies, followed by either DLB, VaD or AD +
VaD. In our study VaD was the second most common diagnosis, closely followed by
AD + VaD. The studies exhibit notable differences in frequency of DLB and VaD, the
former representing 0.2-22.4% and the latter 2.4-23.7% of all cases. Although
differences in study population, neuropathological examination, and subtype
classification most likely have influenced these variations, it cannot be excluded that the
differences also reflect a true ethnical and/or cultural diversity. However, we may

conclude that the main dementia subtypes are largely comparable.
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Table 1

Characteristics for patients with different dementia subtypes and for all demented

Dementia subtype Patients Sex Age
[n (%)] (% female) [median (range)]

AD 220 (42.0) 59.5 79 (55-96)

VaD 124 (23.7) 43.5 81 (52-102)

AD + VaD 113 (21.6) 61.1 83 (67-97)

FTD 21 (4.0) 714 73 (52-86)
Other dementia 46 (8.8) 45.7 74 (39-87)

All demented 524 (100) 55.3 80 (39-102)
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Table 2

Distribution of patients among pathologically defined dementia subtypes in some large

studies (adjusted for facilitated comparison)

Study, year n AD VaD AD+VaD DLB FTD Other
(%) (%) (%) %) (%) (%)
Galasko et al., 1994 170 565 24 7.1 224 @ 11.8
Victoroff et al., 1995 196 449 46 1238 6.6 a 311
Jellinger, 1996 540 650 85 41 6.1 28 135
Akatsu et al., 2002 158 46.2 215 57 177 32 57
Barker et al., 2002 382 416 31 113 220 47 173
Fu et al., 2004 202 639 59 25 119 40 119
Present study 524 42,0 237 216 0.2° 40 8.6

Notes: ? Included in Other dementia disorders, ® Mainly included in AD and AD + VaD

(see text for details).
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