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Objective Linguistic problem is common in Huntington’s discase (HD) patients. It has been studied before
in native speakers of alphabetic languages, such as English. As a hieroglyphic language, Chinese differs from
alphabetic languages in terms of phonology, morphology, semantics and syntax. We aimed to investigate the
linguistic characteristics of manifest HD in native speakers of Mandarin. Meanwhile, we expected to explore the
linguistic differences associated with cortical or subcortical pathology.

Methods Five HD patients and five Alzheimer’s disease (AD) patients matched in age, gender, discase course
and educational level were enrolled. All the participants were Mandarin native speakers. All finished history
inquiry, physical examination, basic test, genetic test and neuropsychological assessment. Language evaluation was
performed by Aphasia Battery of Chinese.

Results HD patients had a mean disease course of 5.412.97 (range, 2-10) years. They showed a linguistic
disorder close to transcortical motor aphasia. They exhibited prominent phonological impairment, as well as
slight semantic and syntactic abnormality. Tonic errors were found in speech. Character structural errors and
substitutions were detected in writing. In comparison, AD patients showed a more severe linguistic impairment,
characterized by global aphasia with more semantic errors.

Conclusion Mandarin-speaking HD patients have a transcortical motor aphasia-like disturbance with
prominent phonological impairment, whereas AD patients have a more severe global aphasia with salient semantic

impairment.
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UNTINGTON'S disease (HD) is an autoso-

mal dominant neurodegenerative disorder

due to an expansion of CAG repeats in the

exon 1 of huntington (HTT) gene.™ It is
characterized by motor disorder, cognitive decline and
psychiatric symptom.

Linguistic problem is common in HD patients. It
has been studied before in native speakers of alpha-
betic languages, such as English, French, Spanish,
German, Portuguese and so on."! Chinese is a kind
of hieroglyphic language, which is completely differ-
ent from alphabetic languages in terms of phonology,
morphology, semantics and syntax. In this paper, we
aimed to investigate the linguistic characteristics of
Mandarin-speaking HD patients. Literature review indi-
cates a complex and bidirectional interaction between
cognitive and linguistic processes.'*”! As a result, we
also illustrated their cognitive characteristics.

HD and Alzheimer’s disease (AD) are representa-
tives of subcortical and cortical dementia, respectively.
HD is generally characterized by progressive degen-
eration of neostriatum, including caudate nucleus and
putamen.® However, the major pathology of AD is pro-
gressive deterioration of medial temporal, frontal and
parietal cortices.” In order to understand the linguistic
differences associated with subcortical or cortical pa-
thology, comparisons were made between HD and AD.

PATIENTS AND METHODS

Patients and enrollment
Five HD patients, together with five AD patients
matched in age, gender, disease course and education-
al level, were recruited from the dementia and leuko-
encephalopathy clinic of Peking Union Medical College
Hospital (PUMCH). All the participants were Mandarin
native speakers. HD patients fulfilled the diagnostic cri-
teria for HD issued in 1986."” They all had an expan-
sion of CAG repeats in HTT gene, ranging from 38 to
41. AD patients met the diagnostic criteria for probable
AD dementia with evidence of AD pathophysiological
process, according to the recommendations of Nation-
al Institute on Aging and the Alzheimer’s Association
(NIA-AA) released in 2011.1*" All the participants gave
informed consent. And this study was approved by the
ethical committee of PUMCH.

All the individuals finished history inquiry, physi-
cal examination, basic test, genetic test and neuropsy-
chological assessment.
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Basic and genetic tests

Basic test consisted of blood routine test, hepatic and
renal function, thyroid function, homocysteine, folic
acid, cobalamin, blood ammonia, rapid plasma reagin
test, immune function, antibodies to Hu, Yo and Ri,
electroencephalography and brain magnetic resonance
imaging (MRI). In addition, five AD patients and one
HD patient had cerebrospinal fluid test of AB1-42, t-tau
and p-tau. Five HD patients received CAG repeats
measurement, and five AD patients took whole ge-
nome sequencing.

Neuropsychological test

Neuropsychological test consisted of screening test,
multi-domain assessment and language evaluation.
The latter was performed by Aphasia Battery of Chi-
nese (ABC).[*¥

The screening test included mini-mental state
exam (MMSE), Montreal cognitive assessment
(Moca),™ activities of daily living (ADLs) and hospital
anxiety and depression scale (HADS). Five HD patients
received extra neuropsychiatric inventory (NPI).

The multi-domain battery involved four domains,
such as executive, visuospatial, memory, reasoning
and calculation domains. It is comprised of the follow-
ing tests: digital symbol substitution task (DSST), trail
making test part A (TMT-A), clock drawing, single and
serial gesture imitation, figure copying, block design,
Rey complex figure, paired associative learning (PAL),
episodic memory, auditory verbal learning test (AVLT),
similarity test and calculation.

Statistical analysis

Statistical analysis was carried out by SPSS (version
18.0). The demographic and neuropsychological data
were displayed as meanzstandard deviation. A simple
scatterplot was created to give an intuitive description
of linguistic differences between HD and AD patients.

RESULTS

Clinical profile

HD patients had a mean disease course of 5.4+2.97
(range, 2-10) years and a mean educational level of
10.4+3.85 (range, 6-15) years. Two patients started
with choreic movement of head or limbs. The cog-
nitive, linguistic and psychiatric symptoms occurred
within 3 to 8 years afterwards. Among the other 3
patients, motor disorder and neuropsychological symp-
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toms occurred almost simultaneously. (Tables 1, 2)
AD patients had a mean disease course of
5.0+£1.87 (range, 3-8) years and a mean educational
level of 13.4+1.95 (range, 11-16) years. The initial
symptom was memory loss. The linguistic symptom
occurred 0 to 3 years afterwards. (Tables 1, 2)

Brain MRI

As demonstrated in Table 2 and Figure 1, among the
five HD patients, the axial MRI revealed an prominent
atrophy of the head of caudate nucleus (HCN), with an
enlarged anterior horn of lateral ventricle. However,
the medially convex outline of HCN remained. Atrophy
of frontal, temporal, parietal and occipital cortices was
also detected. Compared with HD patients, AD patients
showed no HCN atrophy and less cortical atrophy.

Cognitive profile

HD patients showed low scores in DSST, TMT-A, clock
drawing, gesture imitation, as well as in similarity test
and calculation, which suggested impairment in execu-
tive and reasoning domains. The scores in AVLT, recall
of Rey complex figure, paired associative learning and
episodic memory were even lower, suggesting more
severe impairment in memory domain. In visuospatial
domain, although they could finish block design test,
the time spent was longer than expected. Compara-
tively, AD patients showed a more severe cognitive
impairment, involving all the four domains. (Tables 1
and 3)

Linguistic profile

The linguistic feature in HD patients was close to
transcortical motor aphasia (TCMA), called TCMA-like
disturbance. Oral comprehension and repetition was
slightly affected at the level of long complex sentence.
Color naming was flawless, whereas picture naming,
object naming and responsive naming were a bit af-
fected. They showed a slight deficit in verbal category
fluency test of animal and vegetable. They could finish
the serial speech tasks well, such as counting up to 21
and reciting 12 Chinese zodiac animals. Reading was
relatively intact. However, reading comprehension par-
alleled oral comprehension and was slightly impaired
at the level of long complex sentence. (Figure 2)

HD patients showed a non-fluent spontaneous
speech with decreased verbal output and grammatical
complexity. Phonological error and speech dysproso-
dy were obvious. The former was mainly manifested
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Table 1. Demographic and neuropsychological data of HD
and AD patients® (n=5)

Items HD AD
Gender (M/F) 3/2 3/2
Age on admission® (y/o) 61.0+6.82 55.4+5.32
Age of onset® (y/o0) 55.6+9.21 50.4+5.59
Disease course® (yrs) 5.4+£2.97 5.0+1.87
Educational level® (yrs) 10.4+3.85 13.4+1.95
MMSES® (score) 24.0£1.22 11.84+7.95
Moca® (score) 19.8+3.83 8.2+5.76
ADLs? (score) 23.8+2.49 32.0£16.05
HADS-AS(score) 1.0£1.41 4.2+3.03
HADS-D%(score) 1.842.49 4.2+4.02
NPI-frequency® (score) 5.0+5.48 -
NPI-severity®(score) 4.4+5.13 -
NPI-distress®(score) 5.6+6.73 -
DSST?® (score) 20.2+4.87 12.0£19.65
TMT-AS (s) 121+£23.82 171.4+95.78
Clock drawing®(score) 2.0+0.71 1.4+0.89
Single gesture’(score) 5.2+1.64 3.8+£1.92
Serial gesture®(score) 1.4+0.89 0.4+0.55
Figure copying®(score) 9.8+0.45 6.6+4.22
Block design®(score) 4.7+£2.51 2.3+3.90
Rey-copy (score) 17.0+0.00 13.0+7.31
Rey-recall® (score) 7.0+5.34 2.6+3.97
PAL-sum® (score) 5.0+1.77 0.8+£1.79
PAL-N1° (score) 1.24+0.57 0.2+0.45
PAL-N2® (score) 1.940.42 0.3+£0.67
PAL-N3® (score) 1.9+1.08 0.3+0.67
Episodic memory* (score) 4.9+1.78 1.7£1.72
AVLT-I (score) 13.0+6.28 5.4+3.78
AVLT-N1% (score) 3.0+£2.00 0.4+0.55
AVLT-N28 (score) 4.2+1.92 2.6+2.07
AVLT-N3® (score) 5.8+2.68 2.4+1.82
AVLT-N4® (score) 3.0+2.83 0.2+0.45
AVLT-N5® (score) 2.4+2.30 0
AVLT-N6° (score) 1.4+1.67 0
AVLT-N7° (score) 12.4+1.67 7.2+£6.57
Similarity® (score) 12.2+6.38 3.0+3.67
Calculation® (score) 7.0£1.22 2.2+1.64

§: Plus-minus values are means+SD. HD: Huntington’s
disease; AD: Alzheimer’s disease; M/F: male/female; y/o:
years old; MMSE: mini mental state examination; Moca:
Montreal cognitive assessment; ADLs: activities of daily
living; HADS-A: anxiety section of Hospital Anxiety and
Depression Scale; HADS-D: depression section of Hospital
Anxiety and Depression Scale; NPI: neuropsychiatric
inventory; DSST: digital symbol substitution task; TMT-A:
trail making test part A; PAL: paired associative learning;
AVLT: Auditory Verbal Learning Test; AVLT-I: sum of three
immediate recalls; AVLT-N1: 1% immediate recall; AVLT-N2:
2" immediate recall; AVLT-N3: 3™ immediate recall;
AVLT-N4: short delayed recall; AVLT-N5: long delayed
recall; AVLT-N6: cued recall; AVLT-N7: recognition.
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Table 2. Clinical data of HD and AD patients
. . CSF test (pg/ml) Brain MRI* (Grade)
G Eami Age Disease Educational CAG = = = = ot
(yrs) course (yrs) level (yrs) repeats AB t-tau
atrophy atrophy atrophy atrophy atrophy
1 Male 57 39 2 2 2 2
2  Male 67 41 346 50 A 2 1 2 1
3 Female 64 5 15 38 + 2 2 1 2
4 Male 51 10 13 40 aF 2 1 2 1
5 Female 66 6 11 41 + 1 1 1 1
6 Female 47 4 14 213 306 = 1 1 1 0
7 Male 58 5 11 267 356 - 1 1 1 1
8 Male 61 5 14 122 425 = 1 2 1 0
9 Male 54 8 16 182 620 - 1 1 1 0
10 Female 57 3 12 140 437 = 1 2 1 0

Case 1-5: HD patients; Case 6-10: AD patients; CSF: cerebrospinal fluid; HCN: head of caudate nucleus; FL: frontal lobe;

TL: temporal lobe; PL: parietal lobe; OL: occipital lobe.

*Cortical atrophy rating is based on the four-step Pasquier scale for global cortical atrophy."** Grade 0: normal; Grade 1:
widened sulci; Grade 2: widened sulci with volume loss of the gyri; Grade 3: knife blade atrophy.

Figure 1. Brain MRI of HD and AD patients.

Pictures A-B are from a 57-year-old male HD patient, who
has a 4-year disease course and a 7-year education. Brain
MRI demonstrates HCN atrophy, accompanied by mod-

erate atrophy of frontal, parietal, temporal and occipital
cortices. Pictures C-D are from a 58-year-old male AD
patient, who has a 5-year disease course and an 11-year
education. Brain MRI shows slight atrophy of frontal, pari-
etal, temporal and occipital cortices, with HCN unaffected.

as the initial consonant substitution. YANG and DONG
were pronounced as RANG and ZHONG, respectively.
Pa-Ta-Ka became Ka-Ka-Ka. The latter was character-
ized by aperiodicity and irregular pitch fluctuation. Ton-
ic errors also existed. The third tone was pronounced
as the first tone. (Figure 2)

HD patients showed a worse writing impairment
than other linguistic deficits. In spontaneous writing,
one wrote nothing, one wrote two phrases, and only
three wrote sentences. Most sentences had an intact
grammatical structure. Some were lack of subjects
or objects. In addition, there were plenty of charac-
ter structural errors and character substitutions. The
former included stroke addition, subtraction or substi-
tution. The latter referred to character substitution by
those with similar phoneme, grapheme or semanteme.
(Figures 2, 3)

In comparison, AD patients showed a more se-
vere form of global aphasia. Both oral and reading
comprehension were affected at the word or phrase
level (Figure 2). They showed more naming errors, as
well as more verbal category fluency difficulties. They
exhibited fluent aphasia, which was characterized by
an effortless and empty speech. The speech prosody
was almost normal (Figure 2). As shown in Figures 2
and 3, in spontaneous writing, two wrote nothing and
one only wrote her name. The other two stacked some
nouns or pronouns, with lack of verbs or functional
words. Besides, they showed more character substitu-
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Table 3. Neuropsychological data and drug treatment of HD and AD patients

Screening test (score) NPI (score)

Cognitive domain* (grade) Drug treatment

case MMSE Moca ADLs HADS-A/D Frequency Severity Distress Executive Visuospatial Memory Reasoning Dose Duration
1 22 17 20 2/0 2 2 2 2 1 2 2 - -
2 24 17 24 0/0 0 0 0 1 2 2 = =
3 25 21 24 3/4 3 2 3 1 1 2 1 - -
4 24 18 27 0/5 14 13 17 2 1 3 1 = =
5 25 26 24 0/0 6 5 6 1 1 1 1 DHT 5mg/d 6 years
6 23 17 22 6/6 = = = 1 0 3 3 DHT 10 mg/d+ 1 month
MEM 20 mg/d
7 5 3 23 6/4 - - - 3 2 3 3 DHT 10 mg/d 2 months
3 60 0/0 = = = 3 3 3 3 DHT 5mg/d 1 month
9 9 9 31 7/10 - - - 2 2 3 3 MEM 20 mg/d 3 months
10 17 9 24 2/1 - - - 2 1 3 3 MEM 15 mg/d 1 month

Case 1-5: HD patients; Case 6-10: AD patients; HADS-D/A: depression/anxiety section of Hospital Anxiety and Depression
Scale; DHT: donepezil hydrochloride tablet; MEM: memantine hydrochloride tablets.

*Rating criteria for cognitive domain: Grade 0: normal; most tests had a score above -1 SD of the mean; Grade 1: slight
abnormality; most tests had a score within -1 to -1.5 SD of the mean; Grade 2: moderate abnormality; most tests had
a score within -1.5 to -2.5 SD of the mean; Grade 3: severe abnormality; most tests had a score below -2.5 SD of the

mean.
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Figure 2. Linguistic characteristics of HD and AD patients.
This is a simple scatterplot created in SPSS Statistics.
It displays the linguistic scores of HD (group 1) and AD
(group 2) patients in 11 aspects (Item 1-11). 1. oral
comprehension; 2. repetition; 3. oral expression; 4. ver-
bal category fluency; 5. naming; 6. reading; 7. reading
comprehension; 8. copying; 9. dictation; 10. writing on
picture; 11. spontaneous writing. HD patients show a poor
language output with relatively spared input and conduc-
tion (both oral and written language). AD patients show a
more severe form of global aphasia with written language
affected the most.

tions by those with relevant semanteme. For example,
one patient wrote SLEEP when she saw a BED. Another
answered SUN when asked "WHAT COLOUR IS THE
SUNNY SKY”.

DISCUSSION

With regard to cognitive profile, HD patients
present with executive, reasoning and memory impair-
ment. They can finish DSST, TMT-A and block design
tests with a high accuracy but a low speed. This indi-
cates the contribution of decreased psychomotor speed
in executive dysfunction. However, even if enough time
is given, they all show difficulty in gesture imitation.
Therefore, other executive resource should exist in
addition to the decreased psychomotor speed. After
removing the possible influence from decreased psy-
chomotor speed, the visuospatial function is relatively
spared. In AVLT, they do not benefit from semantic
cueing. The recognition of AVLT and Rey complex fig-
ure is also poor. These indicate that besides memory
retrieval deficit due to executive dysfunction, there
should be an encoding or storage problem.

As for linguistic profile, HD patients suffer from
phonological impairment, as well as slight semantic
and syntactic abnormality. These are in accordance
with the previous findings.™*> ** The speech dysproso-
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dy might be related to voluntary motor disorder in HD.
They have a slight deficit in comprehension, repetition,
naming and verbal category fluency. These might be
related to slight semantic or syntactic impairment, or
retrieval deficit due to executive dysfunction.

Compared with native speakers of alphabetic
languages, Mandarin-speaking HD patients have their
own linguistic features. In writing, they show character
structural errors and character substitutions, instead
of letter omissions.” In addition, Chinese is a typical
tonal language with four tones. The same phoneme
with different tones indicates different meanings. HD
patients show tonic errors in speech. The third tone is
pronounced as the first tone.

In comparison, AD patients present with a worse
cognitive and linguistic impairment. The executive,
visuospatial, memory and reasoning domains are all
affected. They do not have phonological impairment as
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Figure 3. Writing examples of HD and AD patients.
Pictures A-C are from a 67-year-old HD patient, who has a
2-year disease course and 6-year education. Pictures D-E
are from a 47-year-old AD patient, who has a 4-year disease
course and 14-year education. Their cognitive screening
scores are close, whereas the writings are quite different.
The correct answers for dictation (A, D) are COMB (#i¥),
KEY (58), SLEEP (BEHf), RUN AWAY (387E), FIVE-POINT-
ED STAR (R£), THE SPRING WIND BLOWS AND THE
TREES TURN GREEN (HFX M%7 #MH). The correct answers
for writing on picture (B, E) are CHAIR (#%F), BED (&),
FLOWER (#£), TRIANGLE (=f&%), CIRCLE (&%), RED (4
), YELLOW (#£&), SMOKING (/#), DRINKING WATER ('8
k), FALLING DOWN (#%f).
In spontaneous writing (C), the HD patient meant to write "I
HAVE HYPERACTIVITY DISORDER. AFTER SEEING A DOC-
TOR IN THE HOSPITAL, MY CONDITION IMPROVED GREATLY.
I AM VERY GRATEFUL TO THE DOCTOR IN THE HOSPITAL". (¥
BEE, EERER, WIEAKITRE, HRBFERESL). The
basic structure of the sentences remains. Strictly speaking,
the last two sentences are lack of subjects. Additionally, he
shows plenty of character-formation errors and character
substitutions. Some characters exhibit stroke omission (fa,
F) or substitution (&, B, 7, ). Some are replaced by oth-
ers with similar phoneme (#—T), grapheme ($8—£T, &—4H,
X, §—i5) or semanteme (&—%&, F—E).
The AD patient can only write her name in spontaneous
writing. She shows some character substitutions by those
with relevant semanteme [FR(BED) —HES(SLEEP), %
(FLOWER) —#(BOOK), #}#(SMOKING) —~ = (NANJING) (a
cigarette brand in China)].

HD patients. However, they seem to have more loss of
semantic knowledge. They show a worse performance
in comprehension, naming and verbal category fluency.
And they have more character substitutions of seman-
tic category in both oral and written language.

These cognitive and linguistic differences between
HD and AD patients might be related to their different
pathological changes. The neurodegeneration in HD
starts from caudate and putamen. Gradually, it extends
to the frontostriatal connections between striatum and
cingulate, precentral, prefrontal cortices.”'”! The fron-
tostriatal network is implicated in motor-language cou-
pling, syntactic processing, executive function, working
memory, emotional processing, etc.!® ** Unlike HD,
AD is generally characterized by progressive degenera-
tion of medial temporal, frontal and parietal cortices.
These cerebral cortices are involved in a wide range
of cognitive and linguistic activities. For example, the
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frontal and temporal cortices are implicated in seman-
tic processing.!”

Brain MRI demonstrates cortical atrophy in both
HD and AD patients. However, the severity of cortical
atrophy is not parallel to their cognitive and linguistic
behaviors. Compared with AD patients, HD patients
show more severe cortical atrophy, but less cognitive
and language impairment. These might be associat-
ed with their different genetic bases. HTT CAG-repeat
expansion may influence cortical neurodevelopment.
However, the influence might be independent of neuro-
degeneration.?"

In conclusion, Mandarin-speaking HD patients have
a TCMA-like disturbance with prominent phonological
impairment, whereas AD patients have a global aphasia
with salient semantic impairment. The limitation of this
paper is that the sample size is too small. We cannot
stratify the subjects according to the disease course or
drug treatment. Next, we expect to accumulate more
cases and have a longitudinal follow-up.
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