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Abstract.
Background: Dementia is a common feature in both Huntington’s disease (HD) and Alzheimer’s disease (AD), as well as in
the general elderly population. Few studies have examined elderly HD patients with dementia for neuropathologic evidence of
both HD and AD.
Objective: We present neuropathological findings in a retrospective case series of 15 elderly HD patients (ages 60–91 years),
11 of whom had prominent clinical dementia.
Methods: Post-mortem brain tissue was examined and stained for evidence of both HD and AD including Vonsattel grading
and Htt-repeat expansion, Bielskowsky, tau, � amyloid, and TDP43 immunostaining.
Results: Mean age at death was 76.8 years, mean disease duration was 18.6 years, and mean CAG repeat expansion was 42.
Evidence of AD in addition to HD pathology was present in 9 of 11 (82%) patients with prominent dementia, suggesting that AD
may be more commonly co-occurring with HD than previously appreciated. Two patients had only HD as the basis of dementia
and four patients did not have prominent dementia. One patient with marked parkinsonian features was not L-dopa responsive
and had no substantia nigra Lewy bodies at autopsy.
Conclusions: Our study suggests that AD may frequently contribute to cognitive decline in elderly HD patients which complicates
the assessment and management of such individuals. Further study is needed to determine if there is a higher incidence of AD
in persons with HD compared to the general population. In addition, our series includes one HD patient whose clinical features
masqueraded as Parkinson’s disease but was not responsive to levodopa therapy.
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INTRODUCTION

Huntington’s disease (HD) is a familial neurode-
generative disease characterized by progressive motor,
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coordination, cognitive and behavioral symptoms.
HD is a dominantly inherited disease caused by a
triplet repeat expansion in the huntingtin gene on
chromosome 4p. HD onset has been typically docu-
mented when patients start to manifest HD-associated
movement disorders, although subtle cognitive abnor-
malities are now appreciated in pre-manifest and early
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stages of HD [1, 2]. Cognitive deficits in HD typically
involve reduced attention, verbal fluency, processing
speed, executive function and impaired judgment with
relatively intact memory [3]. This is in contrast to the
typical major cognitive deficit in Alzheimer’s disease,
namely early and progressive marked memory loss [4].
Severe cognitive deficits causing dementia in HD have
been typically attributed to late stage HD, however a
few studies have suggested that AD and HD pathology
can co-occur [5–10].

HD onset is typically in the 4th to 5th decade of
life while AD onset is typically later, in the 7th to
9th decade of life. However, the improved ability to
diagnose HD with genetic testing has led to increased
recognition of late onset HD cases in the 7th decade
of life and later [11, 12]. Prevalence of HD is esti-
mated at 2.7 per 100,000 worldwide,[13] but as high
as 12.3 per 100,000 in the UK [11]. AD is far more
common than HD, and prevalence in North America
is estimated to be 6.4% (6,400/100,000) in people 60
years of age and older, and expected to increase as the
elderly population increases [14, 15]. Based on these
prevalences, it is likely that independent co-occurrence
of AD in elderly HD patients could occur. Alterna-
tively, HD may increase the risk of developing AD,
particularly in the elderly HD population.

We present a case series of 15 anecdotally chosen
elderly HD patients with neuropathological analy-
sis for both AD and HD, several of whom had
reported clinical dementia. In addition, we included a
HD patient of special interest whose clinical course
masqueraded as Parkinson’s disease, but was not
responsive to levodopa therapy. To our surprise, AD
pathology was co-existent in 9 of the 11 patients with
dementia, higher than what would be expected for
patients of their age group, suggesting that AD may
be a cause of dementia in elderly HD patients more
frequently than previously appreciated. Further study
is needed to determine whether this co-occurrence of
HD and AD is only due to the combined prevalences
of these two neurodegenerative diseases, or if there
is increased risk of developing AD in the elderly HD
population.

METHODS

Fifteen HD patients who died at 60 years of age or
older, many with clinical dementia, were ascertained
from a collection of postmortem neuropathology stud-
ies performed at the University of Washington. CAG
repeat expansion within the HD gene was geno-

typed by the University of Washington Department of
Laboratory Medicine by standard methods in 11 sub-
jects. Because this was a retrospective neuropathology
study, we were not able to control clinical demen-
tia evaluations, and only one individual had formal
neuropsychological testing. Neurologists evaluated all
of the patients, and mental status was determined
by review of medical records, which included collat-
eral information from family members. Three subjects
were seen outside of the University of Washington
Medical Center (UWMC) system. The determination
of whether or not the patient had prominent demen-
tia was made by medical record review and interview
of family members. Prominent dementia was defined
as more than the usual difficulty with attention, multi-
tasking and behavior seen in HD. This was a subjective
determination because only one patient (#8) had for-
mal neuropsychological testing. The senior author
(TDB) of this study personally examined twelve of the
patients.

Neuropathology methods: All but one (patient #2)
of the autopsies was performed at UWMC over a span
of 33 years. For each case, post mortem examina-
tion was performed after informed written consent was
obtained from the patient’s legal next of kin accord-
ing to the patient’s wishes and according to protocols
approved by the Institutional Review Board of the
University of Washington. After immersion fixation
in 10% neutral buffered formalin for approximately
two weeks, each brain underwent standard diagnostic
neuropathological examination which included brain
weight and photographic documentation (except for
the oldest cases) and gross examination of the whole
brain, coronal slices of the cerebrum, and axial sec-
tions of the brainstem and cerebellum. The degree
of striatal atrophy was specifically assessed in each
case and incorporated into the Vonsattel grade [5].
Each brain underwent standard sampling for neuro-
histologic analysis from multiple anatomic regions
including cerebral cortex, neostriatum, hippocam-
pus, amygdala, brainstem, and cerebellum; sampled
tissues were submitted for standard paraffin pro-
cessing and histology. Paraffin sections were cut at
5 �m thickness and subjected to histochemical and
immunohistochemical stains, which routinely included
a triple stain of hematoxylin, eosin, and luxol fast
blue (H&E/LFB) in addition to Bielschowsky silver
stain on frontal and parietal cortex sections and congo
red stain for amyloid on occipital cortex sections.
Immunostains were performed on selected sections
at the time of the autopsy or retrospectively for
this study to evaluate for astrogliosis (rabbit anti-
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GFAP; DAKO, 1 : 20,000), huntingtin intranuclear
and cytoplasmic inclusions (mouse anti-huntingtin,
clone EM48; Millipore, 1 : 100), TDP-43 redistribution
(rabbit anti-TDP-43; Proteintech, 1 : 5000), �-amyloid
(A�) plaques (mouse anti-� amyloid, clone 6E10;
Covance, 1 : 5000), and neurofibrillary tangles (mouse
anti-tau, clone TAU-2; Sigma-Aldrich, 1 : 30,000).

Complete neuropathologic evaluation included
assessment of HD neuropathology according to the
Vonsattel grading system, which combines measures of
neostriatal atrophy grossly and astrogliosis and neuron
loss microscopically. Gross Vonsattel grading [5] was
performed in the oldest cases retrospectively according
to written descriptions and photographs where avail-
able. Microscopic neostriatal pathology was assessed
retrospectively for every case as part of this study
using H&E/LFB and GFAP IHC. Characterization
of pathologic intranuclear and cytoplasmic huntingtin
protein inclusions was performed in frontal and occip-
ital cortex, striatum, and cerebellum using anti-mutant
huntingtin IHC. In addition, each case was retro-
spectively assessed for Alzheimer’s disease pathology
according to the 2012 NIA-AA Guidelines for the Neu-
ropathologic Assessment of Alzheimer’s disease [16,
17]. Specifically, immunostains for A� plaques were
performed and assessed in cortex, hippocampus, stria-
tum, midbrain, and cerebellum to determine Thal A�
plaque distribution [18]. Thal phase was combined
with standard Braak and Braak staging of neurofib-
rillary tangle distribution using Bielschowsky silver
stains and anti-tau IHC and CERAD neuritic plaque
density grading using Bielschowsky silver stains to
arrive at an NIA-AA recommended ABC score for
AD neuropathology [19, 20]. Amyloid angiopathy in
the occipital cortex was assessed as absent, mild (lep-
tomeningeal vessels only), moderate (involvement of
penetrating cortical arterioles), and severe (extensive
involvement of parenchymal arterioles with evidence
of perivascular involvement) by examining Congo
Red stained sections. TDP-43 redistribution from the
nucleus to cytoplasmic inclusions was assessed in
frontal cortex and hippocampus with IHC. In some of
the oldest cases some or all of the paraffin tissue blocks
were not available for retrospective staining.

Statistical analysis was performed using STATA
12.1 software.

RESULTS

Fifteen HD patients who died at 60 years of age or
older were ascertained for postmortem neuropathol-

ogy analysis, and are summarized in Table 1. Eleven of
these patients were reported to have prominent demen-
tia on clinical exam. The mean age of onset of HD
motor symptoms in our case series was 58.0 ± 15.8
years old (n = 14), ranging from 30 to 82 years. The
mean age at death was 76.8 ± 10.1 years old (n = 15),
ranging from 60 to 91. The mean duration of symptoms
was 18.6 ± 10.4 years (n = 14), ranging from 3 to 43
years. Because all subjects died over the age of 60 years
and mean age at death was 76.8 years we have referred
to them as “elderly”, although not all qualify as “late
onset HD” because 7 subjects had onset of symptoms
before age 60. The average size CAG repeat expan-
sion within the HD gene (IT15) was 42 ± 2 (n = 11),
ranging from 40 to 46. The average brain weight was
1,110.4 ± 156.1 grams.

Consistent with the diagnosis of HD in all of
our patients, Huntingtin intranuclear inclusions were
found in all 11 subjects where this staining was avail-
able (Fig. 1a). The Vonsattel stage in our cohort ranged
from 1 to 4 [5]. Based on clinical exam, 11 of the 15
patients were classified as demented. Only one patient
(patient # 8) had formal neuropsychological testing at
age 58. Neuropsychological evaluation was obtained
in this patient due to recent cognitive decline causing
early retirement from a career in aeronautical engi-
neering, and revealed significant deterioration in all
aspects of cognitive function. He was not noted to
have motor symptoms at the time of neuropsycholog-
ical evaluation. His evaluation included the Halstead
Reitan Neuropsychological Battery, Wechsler Adult
Intelligence Scale - Revised, Wide Range Achievement
Test – Revised and Wechsler Memory Scale - Revised.
Profound deficits were found in all aspects of mem-
ory, including visual and verbal memory, and delayed
recall. Abstraction, reasoning and problem-solving
were significantly reduced, as well as sensory per-
ception and motor skills. Throughout the examination,
the patient was reported as confused and disorganized.
This individual’s neuropathology was consistent with
both advanced HD (VS stage 3/4) and AD (see Table 1).

Nine of the 11 (82%) individuals classified as clin-
ically demented met neuropathologic criteria for AD.
Five of the nine met NIA-AA criteria based on their
ABC score for neuropathologic changes of AD (com-
posite score based on amyloid plaque (Thal) and
neurofibrillary tangle (Braak) distribution and neu-
ritic plaque density (CERAD)) (Table 1, Fig. 1b–d)
[16–20]. Four others lacked Thal phase data but met
AD criteria based on NIA-Reagan criteria (Braak and
CERAD data). Two of the 4 individuals who were not
considered clinically demented (patient #12 age 85 and
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Fig. 1. (A) Mutant huntingtin immunohistochemistry (EM48, 600x) in frontal cortex sections reveals characteristic neuronal intranuclear
inclusions as well as scattered cytoplasmic and extracellular huntingtin inclusions. (Patient #15). (B) Bielschowsky silver stain (200x) reveals
classic frontal cortex neurofibrillary tangles and neuritic plaques, which are critical components of the “B” and “C” score in the new NIA-AA
criteria. The density of neuritic plaques in this patient was considered CERAD “frequent” which corresponds to an NIA-AA AD pathology
score of C3 (Patient #1). (C) Immunostains for tau (Tau2, 600x) from a frontal cortex section adjacent to that in Fig 1B decorate neurofibrillary
tangles as well as scattered tau neurites and are assessed in hippocampus and frontal and occipital cortex in order to assign a Braak stage (“B”
score). Neurofibrillary tangles in the frontal lobe indicate at least a Braak and Braak stage V of VI and correspond to an NIA-AA score of B3
(Patient #1). (D) Amyloid � immunostains (6E10, 100x) reveal classic molecular layer plaques in cerebellar cortex, indicative of the highest
Thal amyloid phase “A” score (phase V; A3) (Patient #6). (E) In this HD patient (#15) with parkinsonism there is mild to moderate pallor of the
substantia nigra, as can be seen in these consecutive axial sections through the midbrain of this patient. (F) H&E-LFB immunostaining (400x)
of substantia nigra depicted grossly in Fig 1E demonstrates near normal density of pigmented dopaminergic neurons with rare melanophages
(upper right) indicative of mild neuron dropout (Patient #15).
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Table 2
Summary of demographics and neuropathologic findings in individuals with clinical dementia and without reported dementia

Dementia (n = 11)∗ No Dementia (n = 4)

Age at Onset HD 54.4 ± 15.4, n = 10 67 ± 14.9
Age at Death 76.8 ± 10.7 76.8 ± 9.7
Duration HD (years) 21.8 ± 9.9, n = 10 9.8 ± 6.2
CAG repeat size 42.3 ± 2.4, n = 7 41 ± 2
Brain Weight (grams) 1044.4 ± 103.6, n = 8 1242.5 ± 171.5
Thal stage (0–5) 3.1 ± 0.8, n = 7 1.5 ± 1.7
Braak stage (0–6) 4.5 ± 1.8 2.5 ± 1.9
Vonsattel stage (0–4) 2.1 ± 0.8 2.3 ± 1.3
∗n is specified if information was not available in all 10 individuals with clinical dementia.

patient #14, also age 85) also met neuropathologic cri-
teria for AD based on NIA-Reagan criteria and had at
least intermediate AD neuropathologic change based
on the new NIA-AA guidelines. Moderate to frequent
neuritic plaques were found in 9 of the 11 patients with
clinical dementia and 1 of the 5 patients who did not
meet neuropathologic criteria for AD. Age at HD onset,
death, duration of HD, CAG repeat expansion size,
brain weight and Vonsattel stage among individuals in
our case series with and without clinical dementia are
summarized in Table 2. Statistical significance could
not be assessed given our small sample size and non-
random ascertainment of these cases, but there was
a trend in later onset and shorter disease duration of
HD in individuals without clinical dementia. On aver-
age those with dementia had a much longer duration of
symptomatic HD (21.8 ± 9.9 years) compared to those
without dementia (9.8 ± 6.2 years). In addition, there
was a trend toward lower brain weight (1044 ± 103
grams vs. 1242 ± 171 grams) and higher Braak and
Thal staging in individuals with clinical dementia.
Transactivation-responsive DNA-binding protein 43
(TDP-43) staining was performed in 10 of the 14 cases,
and was present in two cases that did meet AD criteria,
one that did not and absent in seven others (Table 1).

Patient #15 was of special interest because of a
clinical course of Huntington’s disease notable for
marked Parkinsonism with bradykinesia, rigidity, dys-
tonia and hypophonia. This patient was evaluated by
three neurologists, including a movement disorder
specialist, who found this patient to have many fea-
tures typical for Parkinson’s disease. However, this
patient’s Parkinsonism was unresponsive to maximum
dopaminergic therapy of 700 mg levodopa per day.
Postmortem examination confirmed HD with Vonsat-
tel stage 4 but, while there was mild to moderate pallor
of the substantia nigra (Fig. 1E), only mild dopamin-
ergic neuron loss was identified in the midbrain with
rare associated melanophages (Fig. 1F). Lewy bodies
were not identified in pigmented nuclei in midbrain,

pons, and medulla nor in amygdala or cingulate and
frontal cortex. Huntingtin intranuclear inclusions were
also not seen in dopaminergic neurons even though
they were present in abundance in striatal and cortical
samples from this patient.

CONCLUSIONS

HD is a hereditary neurodegenerative disease that
can include significant cognitive decline [3]. By late
stage HD, most patients have some level of cognitive
impairment, and many are demented. Dementia in late
stage HD has been typically attributed to the presence
of HD. However AD is common in the elderly pop-
ulation. The prevalence of AD in North America is
estimated to be 6.4% in people 60 years of age and
older, and is expected to increase [14, 15]. It is possi-
ble that AD may be coincident with HD based on the
high prevalence of AD alone. Our case series of elderly
Huntington’s disease patients with postmortem exami-
nation of neuropathologic features of both AD and HD
provides a unique opportunity to examine the possi-
ble coincidence of both neurodegenerative processes.
Although this series of HD patients was anecdotally
selected rather than systematically or randomly (and
does not intend to propose a population prevalence), 9
of the 11 HD patients with clinical dementia met neu-
ropathologic criteria for AD, which is more than one
would expect based upon prevalence of AD in the gen-
eral population. Therefore, these findings hint that AD
may be a common cause of or contributor to demen-
tia in elderly HD patients. Two of the 11 patients with
clinical dementia did not meet criteria for AD, confirm-
ing that dementia can be due to advanced HD alone.
Although this case series was not large enough for sta-
tistical significance, CAG repeat expansion size and
Vonsattel stage did not correlate with clinical demen-
tia in our HD patients (Table 2). However, earlier onset
and longer duration of HD trended toward association
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with development of clinical dementia in HD. It may
be that longer duration of symptomatic HD provides
time for the development of AD pathology. It is of note
that the presence of AD pathology was not associated
with earlier death.

Formal neuropsychological testing confirming
dementia was available in only one patient in our series
(patient # 8). Cognitive abnormalities typically asso-
ciated with HD are reduced attention, verbal fluency,
processing speed, executive function and impaired
judgment and often referred to as subcortical dementia
[21–23]. These abnormalities differ from the profound
memory deficits typically seen in Alzheimer’s disease,
which are often referred to as cortical dementia [24].
However, neuropsychological testing in our patient
also revealed features of both cortical and subcorti-
cal dementias. Interestingly, these cognitive deficits
preceded onset of motor symptoms in this patient.
Further study with neuropsychological testing and neu-
ropathology correlation of systematically ascertained
HD patients with dementia is necessary to determine
whether HD patients with co-occurring AD may have
a different cognitive profile compared to HD patients
without AD.

Of note, patient #14 had a very late onset of HD
symptoms at age 82 without prominent dementia and
a relatively short duration of disease of 3 years before
death. Although she had a moderate burden of neu-
ritic plaques and Braak stage 3 and would not have
met criteria for AD pathology previously, her ABC
score merits classification as intermediate neuropatho-
logical changes of AD according to the new NIA-AA
guidelines, which is considered adequate explanation
of cognitive impairment or dementia and can be diag-
nosed as Alzheimer’s disease (Table 1). Of course,
pathologic changes of Alzheimer’s disease including
neuritic plaque burden in the elderly population can
be present despite absence of significant antemortem
dementia [25, 26].

Patient #15 had severe parkinsonism that was unre-
sponsive to levodopa, and was not found to have
Lewy body pathology. Parkinsonism in HD is typi-
cally associated with the Westphal variant of juvenile
HD, with severe bradykinesia and rigidity, but two
reports describe adult onset HD with marked parkin-
sonism, including levodopa-responsive parkinsonism
[27, 28]. Because PD is a common disease, some HD
cases could have parkinsonism due to co-occurrence
of HD and PD. However, our case suggests parkinson-
ism was caused by HD pathology, given the absence
of levodopa-responsiveness and absence of alpha-
synuclein pathology. Although alpha-synuclein has

been identified in huntingtin inclusions in HD mouse
models and post-mortem brain tissue, Lewy bodies
have not been reported in HD, including HD patients
with primarily akinetic rigid motor symptoms [29]. We
looked, but did not find, intranuclear or cytoplasmic
huntingtin-immunopositive inclusions in dopaminer-
gic neurons in this particular case. The mild changes
in the substantia nigra alone are not likely to explain
the marked parkinsonian features seen in this case.

TDP-43 has been found in pathologic inclusions
in multiple neurodegenerative diseases, including
amyotrophic lateral sclerosis (ALS), frontotemporal
dementia, AD and HD [30–32]. We found variable
presence of TDP-43 in HD patients with and without
dementia, supporting prior studies that have iden-
tified TDP-43 in huntingtin intracellular inclusions.
However, our limited case series did not suggest an
association between the presence of TDP-43 and clin-
ical dementia.

There have been only 4 previously published anec-
dotal cases reporting co-occurrence of AD and HD
pathology. Myers et al. reported a case with age
at death at 77, Moss et al. reported a case with age
at death at 81, Reyes et al. reported a case with age at
death at 68, and McIntosh et al. reported a case with
age at death at 54 [6, 8–10]. It is unclear whether AD
pathology tends to co-occur in late-onset HD patients
more frequently than earlier onset cases. Both early
and late onset HD cases have been reported to have
co-occurrence of AD (including this study), suggest-
ing that AD changes can occur earlier in HD patients
compared to AD onset in the general population [9,
10]. Vonsattel et al found 18 cases of coexisting HD
and AD which represented 2% of an entire series of 866
HD brains and 5% of the 361 cases over age 65 years
at death [33]. This did not appear to be a greater than
expected occurrence of AD for the older age group. No
details of the coexisting AD/HD cases were presented.

It also remains unknown whether the HD disease
process increases the risk of developing AD. It is inter-
esting to note that in our small sample, the average
length of disease course was longer in those with AD
pathology compared to those without, despite simi-
lar ages at autopsy. This could suggest that prolonged
HD related pathogenic processes increases the risk of
developing AD pathology. In a case series of 27 HD
autopsy cases (ages 34–75, with duration of illness
2–7 years), none of the individuals fulfilled criteria for
AD but several cases had mild AD pathology [7]. The
author of this study suggested that these individuals
might have developed AD if they had longer duration
of symptomatic illness. Vonsattel et al briefly noted that
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13% of 1250 HD brains showed mild AD pathologic
changes insufficient to meet neuropathological criteria
for a diagnosis of AD and those with mild AD changes
were older (mean 72 years) than those without (mean
57 years) [33].

The neuropathologic characteristics of these two
neurodegenerative diseases are distinct. However, both
are diseases of protein aggregation. Also, recent work
suggests that defects in mitochondrial function may
underlie pathogenic pathways in multiple neurode-
generative diseases, including HD and AD [34, 35].
Amyloid deposition and neurofibrillary tangles are the
defining features of AD pathologically, however the
confluence of upstream inciting genetic/environmental
factors with attendant processes such as inflammation
and oxidative stress are many. One could specu-
late that a neurotoxic environment secondary to HD
pathology initiates further neurodegenerative patho-
logic cascades of the “AD type” leading to cortical
neuronal injury and concomitant deposition of amyloid
and tau. Further study is needed to assess the incidence
of AD in HD patients, and whether other factors such as
ApoE allele status may modify the risk of developing
dementia in HD.

The present study was retrospective, patient selec-
tion was undoubtedly skewed and clinical cognitive
evaluation was incomplete. Nevertheless, our neu-
ropathological series of elderly HD patients clearly
documents the relatively common co-occurrence of
these two neurodegenerative diseases, and suggests
that dementia in late stage HD can be caused by co-
existing AD as well as late stage HD. This could
have significant clinical implications for pharmaco-
logical and behavioral therapy interventions. It is of
interest that a small study of 21 HD patients ran-
domized to 8 months treatment with rivastigmine
(maximum dose 3 mg twice a day) showed a trend
in improvement in cognition, based on performance
on the Mini Mental Status Exam [36]. The patients in
this study were neither clinically demented nor elderly
(age 38 to 66 years, mean 53). Additionally, identi-
fying possible pathogenic relationships between HD
and AD may have implications to treatment targeted
at cognitive dysfunction in HD. A higher prevalence
of AD associated cortical pathology in HD patients
may warrant trials of novel neuroprotective thera-
pies originally targeted to AD patients. Further study
with neuropathologic correlation of more systemat-
ically ascertained and evaluated HD patients with
dementia is necessary to determine the prevalence of
co-occurrence of AD and HD and the approach to man-
agement in this increasingly important population (36).
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