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Abstract Amyotrophic lateral sclerosis (ALS) is charac-
terized by degeneration of upper and lower motor neu-
rons. In some ALS patients, dementia or aphasia may be
present (ALS-D). The dementia is most commonly a fron-
totemporal dementia (FTD), and many of these cases have
ubiquitin-positive, tau-negative inclusions in neurons of
the dentate gyrus and superficial layers of the frontal and
temporal lobes. Identical inclusions have been found in
cases presenting with FTD and have been designated mo-
tor neuron disease (MND)-inclusions. Cases of ALS-D
without MND-inclusions have been reported to show neo-
cortical gliosis, neuronal loss, and superficial spongiosis,
but there have also been scattered case reports of ALS
with Alzheimer’s disease (AD). To determine whether AD
pathology may play a role in the dementia or aphasia syn-
dromes in ALS, we reviewed 30 cases of sporadic ALS
diagnosed at the University of Pittsburgh Medical Center.
A clinical history of ALS-D was found in 24.1% of the
cases, of which 57% had MND-inclusions. Although the
ALS-D cases with MND-inclusions typically had amy-
loid-beta (AP) plaques, there were no neuritic plaques.
Three cases of ALS-D had no MND-inclusions, and two
of these fulfilled pathological criteria for AD. One ALS-D
case showed severe amyloid angiopathy but no neuritic
plaques or MND-inclusions. MND-inclusions were not
found in any ALS case without dementia; however, four
patients without dementia or aphasia showed moderate or
frequent numbers of neuritic plaques. In conclusion, we
found that approximately 30% of ALS cases with demen-
tia have AD and that some ALS cases without frank de-
mentia have significant AD pathology.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenera-
tive disease of motor neurons located in the spinal cord,
brainstem, and motor cortex [1]. The clinical hallmarks of
the disease are progressive muscle weakness, atrophy, and
spasticity [2,3]. Approximately 10% of ALS cases are fa-
milial (FALS), with mutations in the SODI1 gene repre-
senting about 15% of FALS [4,5]. The neuropathological
findings in sporadic and familial forms of ALS are identi-
cal, consisting of severe loss of lower motor neurons and
variable loss of upper motor neurons. Lower motor neu-
rons often contain cytoplasmic inclusions, including hyaline
inclusions, small eosinophilic inclusions known as Bunina
bodies, and ubiquitin-positive filamentous inclusions
(skeins) [1, 6,7]. These inclusions are not typically found
in upper motor neurons. In the motor cortex, neuronal loss
and gliosis are most commonly encountered. The ALS/
Parkinsonism-dementia complex of Guam (ALS-PDC) is
distinct from sporadic and familial ALS because it is as-
sociated with the presence of numerous widespread tau-
positive neurofibrillary tangles [8,9].

It has become apparent that cognitive difficulties (de-
mentia or aphasia) may accompany, or even precede, the
motor symptoms in ALS [10, 11, 12, 13, 14, 15, 16, 17,
18]. Over 100 cases of ALS with dementia have been re-
ported in Japan since 1964 [15]. The dementia is clini-
cally of the frontal-lobe type [9, 13,19], and functional
imaging studies have supported the frontotemporal distri-
bution of the defects [20, 21,22]. Subtle cognitive abnor-
malities have also been noted in ALS cases without frank
dementia [19, 23,24].

Dementia and aphasia in both sporadic and familial ALS
have been associated with ubiquitin-positive, tau-negative
cytoplasmic inclusions in neurons of the fascia dentata,
entorhinal cortex, and substantia nigra, and in the superfi-
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cial layers of the frontal and temporal lobes [18, 20, 25,
26, 27, 28,29]. Similar inclusions are found in cases of
frontotemporal dementia (FTD) and have been called mo-
tor neuron disease (MND)-inclusions [30,31]. Neuronal
intranuclear inclusions have recently been proposed to be
a distinguishing characteristic in familial FTD-MND cases
[32]. However, not all ALS cases with dementia or apha-
sia (ALS-D) have MND-inclusions, and the pathological
basis of the cognitive difficulties is unclear. One possibil-
ity is the presence of AD-like pathology that induces cog-
nitive abnormalities in ALS patients. A review of the lit-
erature in 1981 reported only one case of ALS-D with
neuritic plaques [33]. Since that time, sporadic reports of
the concurrence of ALS and AD have appeared in the lit-
erature [33, 34, 35, 36,37], though very few neuropatho-
logical studies have looked specifically at the association
of dementia or aphasia with AD pathology in a large co-
hort of ALS patients. To determine whether AD pathology
might play a role in ALS with dementia or aphasia, we re-
viewed 30 cases of sporadic ALS diagnosed at the Uni-
versity of Pittsburgh School of Medicine for the presence
of amyloid-beta (AB) pathology, neuritic plaques, neu-
rofibrillary tangles, Lewy bodies, and MND-inclusions.
We report that a clinical history of dementia or aphasia in
ALS is often associated with MND-inclusions but that ap-
proximately 30% of ALS patients with dementia have AD
and that many ALS cases without frank dementia or apha-
sia have significant AD pathology.

Materials and methods

A retrospective review of autopsy cases at the University of Pitts-
burgh School of Medicine (UPMC) from 1981-2001 identified
30 cases of ALS. Sixteen of these cases came from the University
of Pittsburgh ALS Tissue Bank, which was established in 1997.
Clinical history was abstracted from the available medical records,
and neuropathologic examination confirmed the clinical diagnosis
of motor neuron disease. Duration of disease was estimated from
the first report of patient symptoms. The severity of the dementia
syndrome could not be estimated in many cases because formal
cognitive testing was rarely performed. Cases with aphasia did not
include those with only dysarthria.

Available microscopic sections were reviewed, and in many
cases additional immunohistochemical studies were performed.
Although availability of sections varied, most cases had sections of
pre-and post-central gyri, hippocampus, cingulate gyrus, caudate,
putamen, globus pallidus, thalamus, amygdala, midbrain, substan-
tia nigra, pons, medulla, and various levels of spinal cord, as well
as sections from the frontal, parietal, temporal, and occipital lobes.
Paraffin blocks were available on 28/30 cases. All sections were
examined with hematoxylin and eosin(H&E) stains, but additional
stains included Bielschowsky, congo red, and immunohistochemi-
cal stains for AB (4G8, Senetek, Maryland Heights, MO, USA),
ubiquitin (Dako, Carpinteria, CA, USA), tau (SMI 51, Sternberger
and Sternberger), Alz-50 (a kind gift of Peter Davies, Albert Ein-
stein College of Medicine, NY, USA), and alpha-synuclein (Zymed,
San Francisco, CA, USA). Severity of neuritic plaque formation
was estimated using criteria established by the Consortium to Es-
tablish a Registry for Alzheimer’s Disease (CERAD) [38]. Degree
of neurofibrillary tangle (NFT) formation was determined using
Braak staging [39]. AP plaque severity was evaluated using the
same CERAD criteria as used for neuritic plaques. MND-inclu-
sions were identified as ubiquitin-positive, tau-negative intraneu-
ronal cytoplasmic inclusions found primarily in the fascia dentata
and the upper layers of the neocortex [18,30]. Although the num-

ber of MND-inclusions of neocortical and dentate gyrus varied
from case to case, no attempt was made to estimate the severity of
this pathology in this study. Averages are reported with the stan-
dard deviation. Groups were compared using the two-tailed stu-
dent’s 7 -test.

Results

The 30 cases of ALS (Table 1) consist of 20 male and 10 fe-
male patients. The average age at autopsy was 61.2+10.7
years (range 40-75). Females tended to be slightly older
(average age 65.2+5.8 years) than males (average age
59.2410.9). The diagnosis of ALS was confirmed from
clinical history and review of microscopic sections in all
cases. One ALS case presented with primary progressive
aphasia, but all other cases initially presented with motor
neuron-related symptoms.

Dementia and aphasia in ALS

Information regarding cognitive status was available on
29 cases, and 7/29 (24.1%) had been diagnosed with de-
mentia and/or aphasia (ALS-D). The ALS-D cases con-
sisted of five males and two females, roughly the same
proportion as in the ALS group as a whole. The average age
at autopsy for ALS-D cases was 66.1+7.1 years (range
54-75) and was not significantly different from ALS
cases (59.7£11.2 years, range 40-73, p =0.16). Duration
of disease was available on 25 cases and was 30.7£17.3
months (range 11-60 months) in the ALS-D group ( n =6)
compared with 38.0+26.9 months (range 5-112 months)
for the ALS cases ( n =19), with no statistically significant
difference, p=0.54. One ALS-D case presented with pri-
mary progressive aphasia (Table 1, case 4). Four of the seven
ALS-D cases were reported to have both aphasia and de-
mentia. Detailed neuropsychological testing on one of
these cases (Table 1, case 2) has been previously reported
[40] and showed abnormal executive/frontal functions as
well as language deficits, consistent with a recent report
that identified deficits in frontal executive functions and
diminished word recognition in approximately 50% of
ALS patients [41].

Gross

There was no evidence of cortical atrophy in any of the
cases. Average brain weights for the ALS-D (1271£193 g)
group did not differ significantly from the nondemented
ALS cases (1313+£166 g, p =0.57). None of the ALS cases
had significant vascular or ischemic pathology.

Alzheimer disease-related pathology: AP staining
Immunostains for AP were available for 28/30 cases, and

14/28 (50%) had AP plaques, amyloid angiopathy, or both
(Table 1). There were 10 males and four females, roughly



Table 1 Clinical and pathological data for ALS cases: patients
1-7 are ALS patients with either dementia and/or aphasia; patients
8—15 are cases of ALS that had some Alzheimer’s disease pathol-
ogy but no clinical history of either dementia or aphasia; patients
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15-30 had ALS with no neuritic plaques or beta-A4 staining
(n.a. not available; AA amyloid angiopathy; NP neuritic plaques,
CERAD semi-quantitative score [38]; MND-i MND inclusion)

Case Sex  Age Duration  Aphasia Dementia Brain AP plaques AA NP Braak  MND-i
(years) (months) weight (g) stage
1 M 54 n.a. No Yes 1610 Frequent No 0 1 Yes
2 M 63 60 Yes Yes 1300 n.a. n.a. 0 0 Yes
3 M 75 18 Yes Yes 1000 Moderate Yes 0 2 Yes
4 M 64 35 Yes No 1310 Moderate No 0 0 Yes
5 F 64 24 No Yes 1260 Frequent Yes Moderate 2 No
6 M 71 11 Yes Yes 1320 Frequent No Frequent 4 No
7 F 72 36 Yes Yes 1100 Sparse Yes? 0 2 No
8 M 49 n.a. No No 1650 Frequent No Moderate 0 No
9 F 70 44 No No 1240 Frequent Yes Frequent 3 No
10 M 72 5 No No 1380 Frequent Yes Frequent 3 No
11 F 66 31 No No 1120 Moderate Yes Moderate 1 No
12 M 68 47 No No n.a. Sparse No 0 0 n.a
13 M 71 >55 No No 1100 Sparse No 0 2 No
14 M 44 5 No No 1490 Frequent No 0 0 No
15 M 73 17 No No 1500 Sparse Yes? 0 0 No
16 F 66 n.a. n.a. n.a. 1075 n.a. n.a. 0 0 n.a.
17 M 40 112 No No 1365 0 No 0 0 No
18 M 43 17 No No 1450 0 No 0 0 No
19 M 44 30 No No 1140 0 No 0 0 No
20 M 51 60 No No 1400 0 No 0 0 No
21 F 51 26 No No 1190 0 No 0 0 No
22 M 53 n.a. No No 1500 0 No 0 0 No
23 F 54 59 No No 1290 0 No 0 0 No
24 M 54 n.a. No No 1415 0 No 0 0 No
25 M 57 58 No No 1450 0 No 0 0 No
26 F 65 20 No No 1210 0 No 0 1 No
27 M 67 10 No No 1250 0 No 0 0 No
28 M 71 43 No No 1410 0 No 0 0 No
29 F 71 68 No No 1250 0 No 0 0 No
30 F 73 15 No No 1030 0 No 0 3 No

aSevere amyloid angiopathy

in similar proportions to the entire cohort. The average
age of ALS cases with AP staining (65.219.7 years) was
significantly older than ALS cases without AP (56.7+
10.9, p <0.05, student’s ¢ -test, two-tailed). The number of
neocortical AP plaques was rated as sparse (Fig.1A),
moderate (Fig. 1B) or frequent (Fig. 1C). Of the 14 cases
with AP staining, six had a history of dementia or aphasia.
Three of the ALS-D cases with MND-inclusions had
paraffin blocks available for immunostaining, and all three
showed moderate or frequent numbers of AP plaques
(Table 1). The distribution of AP} plaques in all cases was
typical for that seen in aged and AD subjects. The distri-
bution and severity of the AP immunostaining was not
significantly different in the six ALS-D cases compared
with the eight ALS cases lacking dementia.

One ALS-D case had severe amyloid angiopathy (Fig. 1D),
but only rare parenchymal AP plaques and no neuritic
plaques (Table 1, case 7). Because this case had a Braak
stage of 2 and no MND-inclusions, it is tempting to spec-
ulate on the possible role of the amyloid angiopathy in the

dementia syndrome of this patient. However, similar se-
vere amyloid angiopathy with minimal parenchymal A
was also seen in a nondemented case (Table 1, case 15).

Alzheimer disease-related pathology:
Bielschowsky staining

Bielschowsky stains were available for review for all cases.
Six of 30 cases (20%) had neuritic plaques, which were
found only in cases with AP deposits. Two cases without
AP plaques had a Braak stage of 3 or less, consistent with
age (Table 1, cases 26 and 30). Six of the 13 cases with A
staining had either moderate or frequent numbers of neo-
cortical neuritic plaques, and 2/6 cases with neuritic
plaques were ALS-D. The average age of the six cases with
neuritic plaques was 65.318.6 years, which was not older
than the seven cases with AP but without neuritic plaques
(64.0£11.2). None of the ALS-D cases with MND-inclu-
sions had neuritic plaques. Of the three ALS-D cases that
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Fig. 1A-F Neuropathologi- :
cal changes in amyotrophic lat- &«
eral sclerosis with dementia
(ALS-D). AP immunostaining
ranged from sparse numbers of
plaques in four cases (A, orig-
inal magnification x100), to
moderate numbers in three
cases (B, original magnifica-
tion x100) and frequent A}
plaques in seven cases (C, orig-
inal magnification x100) (see
Table 1). One demented case
and one nondemented case
showed severe amyloid an-
giopathy with only rare paren-
chymal plaques (D, original
magnification x20). In four
cases, motor neuron disease
(MND)-inclusions were pre-
sent and could be detected

in H&E-stained sections as
faintly basophilic, cytoplasmic
inclusions in neurons in the su-
perficial neocortex (layer II)
and dentate gyrus (E, original
magnification xX600). These in-
clusions stained strongly for
ubiquitin (F, original magnifi-
cation x400) but were negative
for tau and alpha-synuclein

T

did not have MND-inclusions, two had a CERAD age-re-
lated plaque score of “C,” allowing for the diagnosis of
“definite AD” by CERAD criteria. One of these patients
was 71 years of age and had a Braak stage of 4, while the
other was a 64-year-old with a Braak stage of 2. Because
these cases lacked MND-inclusions and had abundant A}
deposition, as well as widespread neocortical neuritic plaque
formation, it seems likely that the AD-related pathology
was the substrate of the dementia. Data on disease dura-
tion was available for 25 patients (including 5/6 cases with
neuritic plaques), and there was a trend for shorter dura-
tion of disease in cases with neuritic plaques; the five
cases with neuritic plaques had an average duration of
23.0+15.6 months compared with 39.6+£25.9 months for
the 20 cases without neuritic plaque formation (p=0.18,
student’s ¢ -test, two-tailed).

Lewy bodies

All cases had H&E stained sections of substantia nigra,
pons, hippocampus, and cingulate gyrus available for re-
view. No Lewy bodies (LB) were found. Paraffin blocks
were available for 28/30 cases, and no LBs were detected
by alpha-synuclein immunohistochemistry in the substan-
tia nigra, pons, hippocampus, or cingulate gyrus in any cases.

MND-inclusions

MND-inclusions are ubiquitin-positive, tau-negative spher-
ical cytoplasmic inclusions in neurons of the dentate

gyrus and layer II in neocortical areas [18, 26, 27,30]. We
identified MND-inclusions in 4/30 cases (Fig.1E). As
noted above, MND-inclusions were positive for ubiquitin
(Fig. 1F), but negative for tau and alpha-synuclein immu-
nostaining. Variable amounts of gliosis and neuronal loss
were associated with the neocortical inclusions, and some
cases showed mild to focally moderate superficial spon-
giosis. MND-inclusions were found only in cases with a
history of dementia or aphasia. Two of these cases had both
dementia and aphasia, while one had only dementia and
one presented with primary progressive aphasia, which
later developed into ALS without evidence of cognitive
decline. Interestingly, all four cases were males. Although
cases with MND-inclusions had AP plaques, none had
any neuritic plaques by Bielschowsky stain, and all four
cases were at a low Braak stage compatible with age. The
presence of MND-inclusions did not markedly affect sur-
vival time: 3/25 cases with MND-inclusion had a survival
time of 37.7+21.1 months compared with 22 cases with-
out MND-inclusions and an average survival time of
36125.8 months.

Discussion

To determine whether AD pathology might play a role in
the dementia or aphasia syndromes in ALS, we reviewed
30 cases of sporadic ALS diagnosed at the University of
Pittsburgh Medical Center. A clinical history of dementia
or aphasia was found in 7/29 cases (24.1%). Four of the
seven ALS-D cases (57.1%) had MND-inclusions in the
dentate gyrus and superficial neocortex. Although these



cases typically had AP plaques, there were no neuritic
plaques. Interestingly, three cases of ALS-D had no MND-
inclusions, and two of these cases fulfilled CERAD crite-
ria for definite AD. The last ALS-D case (Table 1, case 7)
showed severe amyloid angiopathy but no neuritic plaques
or MND-inclusions. Therefore, all of our ALS-D cases
exhibited either MND-inclusions, A} deposition, or both.
Five cases of ALS without dementia or aphasia exhibited
significant numbers of AP plaques (four with moderate or
frequent neuritic plaques), and 50% of all ALS cases had
AP plaques.

While the incidence of dementia in ALS has histori-
cally been reported as less than 10% [42, 43, 44,45], more
recent studies have reported that 25-28% of ALS cases
have significant cognitive impairment [12,23]. These dif-
ferences are likely due to the type of testing used in each
report. In a recent study of 69 ALS cases, the incidence of
dementia rose from 7% to 22% when diagnostic criteria
for frontotemporal dementia (FTD) were included in the
evaluation [19]. Another study of bulbar ALS patients
found that 48% of 23 cases had significant cognitive im-
pairments by neuropsychological testing [46].

Although aphasia is less common than dementia in ALS,
numerous reports have noted the association of language
deficits and ALS [10, 12, 16, 17, 24, 40,47]. In one study
of 16 nondemented ALS cases, all 16 exhibited impaired
verbal fluency and picture recall [48]. Word generation
and detailed neuropsychological testing may be useful
screening tools to identify ALS patients with cognitive
abnormalities, and the use of such tests in one recent study
has revealed that approximately 50% of ALS patients ex-
hibited frontal deficits and met criteria of possible or
probable frontotemporal lobar dementia (FTLD) [41].
Similarly, patients with FTD were assessed for motor neu-
ron deficits, and 50% had either definite or possible ALS
[41]. This suggests an overlap between ALS and FTD and
indicates that cognitive impairment may be much more
common in ALS patients than previously acknowledged.

In this study, MND-inclusions were found in 4/7 ALS-D
cases and in none of the 23 ALS cases without dementia.
Others have also reported on the association of MND-in-
clusions and dementia in ALS, but it should be noted that
not all ALS cases with MND-inclusions in these studies
had evidence of clinical dementia, although a thorough
cognitive assessment was not available in every case, as
in our series [18, 20, 25, 26, 27, 49,50]. Identical inclu-
sions in the same distribution have been reported in pa-
tients presenting with FTD [30, 51, 52, 53, 54, 55,56], and
such cases have been termed MND-inclusion dementia.
As mentioned above, many patients with FTD can also be
diagnosed with ALS or go on to develop symptoms of
MND [21,57].

However, there were no MND-inclusions in 3/7 ALS-D
cases, and we screened our study subjects for AD pathol-
ogy. We found AP plaques in 14/28 (50%) of our ALS
cases. Not unexpectedly, older age was associated with
the presence of AP staining. Moderate or frequent num-
bers of neuritic plaques were found in six ALS cases, two
of which had a clinical history of dementia and no MND-
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inclusions. Therefore, two of our ALS-D cases without
MND-inclusions exhibited sufficient pathology to warrant
a diagnosis of definite AD using CERAD criteria. AD pa-
thology in ALS-D patients has previously been noted to
be relatively rare. In 1981 a review of 27 previously re-
ported ALS-D cases found only one with AD pathology
[33]. Since that time, several reviews of ALS-D cases
have reported only mild AD changes in a few cases and
none with sufficient AD pathology for a diagnosis of AD
[52, 58, 59, 60,61]. However, individual cases of AD in
demented ALS patients have been reported [34, 35, 36,
37], and two of these case reports also noted the presence
of Lewy bodies [34, 37]. Using alpha-synuclein immuno-
histochemistry, none of our 28 cases with available paraf-
fin blocks had Lewy bodies in the substantia nigra or
amygdala; however, since this study was started we have
encountered a case of ALS with “incidental” Lewy bod-
ies. As noted by others [29,32], we also found that the
MND-inclusions are negative for alpha-synuclein.

AD changes in nondemented ALS cases have also
been reported as relatively rare [62, 63, 64,65], although
one study found similar amounts of AD pathology in a
group of 20 nondemented ALS cases compared with 17
nondemented controls matched for age [66]. We found A3
plaques in 8/23 (35%) of ALS cases lacking dementia or
aphasia (Table 1). In addition, 50% of these cases (4/8)
exhibited neuritic plaques, and one had severe amyloid
angiopathy. It is interesting to note that a 49-year-old ALS
patient with frequent AB plaques and moderate levels of
neuritic plaques did not have a clinical history of demen-
tia (Table 1, case 8). The lack of formal neuropsychologi-
cal and neurobehavioral testing in our group limits our
ability to determine whether any of these nondemented
ALS cases exhibited cognitive abnormalities near their
times of death. The lack of cognitive testing also limits
our ability to determine whether the ALS-D cases with
MND-inclusions had patterns of cognitive difficulties dif-
ferent from those of the ALS-D cases with AD. We do
note that the presence of neuritic plaques decreased pa-
tient survival time (decreased disease duration), whereas
the presence of MND-inclusions did not alter disease du-
ration. Formal testing may have identified subtle cogni-
tive difficulties in other ALS patients as well. Because up
to 50% of ALS patients may have some cognitive impair-
ment [41], it may be prudent for ALS research centers to
include cognitive testing as part of a routine evaluation of
ALS patients. These cognitive tests should include both
word generation tests to identify deficits related to FTLD,
and Alzheimer disease/hippocampal memory tests to
identify deficits related to AD pathology.

Interestingly, two of our cases had severe amyloid an-
giopathy with minimal parenchymal amyloid. One of these
cases was demented and had no MND-inclusions, and it is
tempting to speculate on the role of the amyloid angiopa-
thy in the dementia; however, the other case had no clini-
cal history of dementia and had comparable severity of
amyloid angiopathy. Isolated amyloid angiopathy is found
in some elderly individuals, and “dyshoric” amyloid an-
giopathy was recently reported in a 79-year-old female
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ALS case without dementia [65]. Other vascular pathology
(e.g., infarcts, lacunes, hippocampal sclerosis, and leuko-
encephalopathy) was not present to any significant degree
in any of our cases.

In summary, we found that 50% of ALS cases had A
deposits and that nearly half of these also had neocortical
neuritic plaques. The high prevalence of AD pathology in
our cohort compared with what has been reported in the
literature is most likely due to the fact that previous stud-
ies of the pathology of ALS-D have focused primarily on
the presence or absence of MND-inclusions, superficial
spongiosus, and cortical gliosis, but often did not investi-
gate or report on the prevalence or severity of AD pathol-
ogy in their cohorts. Even fewer studies looking at nonde-
mented ALS cases have included evaluation of AD pa-
thology, and when included it has often been dismissed as
“age-related” changes. While our study indicates that the
ALS cases with AD pathology (both beta-A4 deposits and
neuritic plaques) are significantly older than those ALS
cases without AD pathology, the average age of our co-
hort overall is similar to that of sporadic ALS cases in the
literature. Further, we found that while 4/7 ALS-D cases
had MND-inclusions, 2/7 (28.6%) ALS-D cases had AD
without MND-inclusions. Finally, 1/7 cases of ALS-D had
no MND-inclusions and no neuritic plaques, but did have
severe amyloid angiopathy and only sparse numbers of
AP plaques, with a Braak stage of 2. Moreover, a signifi-
cant number of ALS cases without overt clinical dementia
or aphasia had moderate or frequent numbers of neuritic
plaques, and it is possible that mild cognitive impairment
could have been demonstrated with appropriate testing.

These findings support routine testing for cognitive
impairment in ALS patients because they are at increased
risk of developing a dementia/aphasia syndrome, either
from MND-inclusion formation (frontotemporal demen-
tia) or from AD-related pathology. It is impossible to say
from such a small study if there is a link between these
two pathologies, but it seems likely that in any large co-
hort of ALS patients, there will be some who will have
pathological changes associated with AD. Indeed, be-
cause the two diseases occur in an older population, it
would be surprising not to find such an overlap. While the
association of AD pathology and ALS may be coinciden-
tal, we have found that in some cases cognitive impair-
ment in ALS is related to the presence of AD pathology
and suggest that the presence of MND-inclusions or A
plaques may represent part of the clinicopathological
spectrum of ALS.
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