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Influence of Age of Onset on Huntington’s Disease
Phenotype

Lauren Kwa", Danielle Larson’, Chen Yeh* and Danny Bega®

Background: Older patients with Huntington’s disease (HD) are often thought to have a slower progressing
disease course with less behavioral symptoms than younger patients. However, phenotypic differences based
on age of onset have not been well characterized in a large HD population. This study will determine the dif-
ference in manifestations and disease progression between patients with young, typical, and late onset adult
HD at different stages of disease.

Methods: Data obtained from Enroll-HD. Adults with manifest HD were included. Age groups were defined
as young onset (YO: 20-29 years), typical onset (TO: 30-59 years), and late onset (LO: 60+ years). Subjects
were categorized by TFC score, from Stage | (least severe) to Stage V (most severe). Motor, cognitive, and
behavioral symptoms were analyzed. Descriptive statistics and Bonferroni p-value correction for pairwise
comparison were calculated.

Results: 7,311 manifest HD participants were included (612 YO, 5,776 TO, and 923 LO). The average decline
in TFC score from baseline to second visit (1.5-2.5 years) was significantly faster for YO (-1.75 points) com-
pared to TO (-1.23 points, p = 0.0105) or LO (-0.97 points, p = 0.0017). Motor deficits were worse for LO
participants at early stages of HD, and worse for YO participants at advanced stages. YO and TO participants
had greater burden of behavioral symptoms at early stages of disease compared to LO.

Discussion: YO is predictive of a faster functional decline for adults with HD when compared to those with
TO and LO. Motor and behavioral manifestations differ based on age of onset.

Highlights: This study compares HD manifestations while controlling for disease severity, detailing robust
phenotypic differences by age of onset alone. These findings have implications for the clinical management of
HD symptoms and have the possibility to improve prognostic and treatment precision.
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Introduction

Huntington's Disease (HD) is an inherited neurodegenera-
tive disorder that is characterized by progressive motor,
cognitive, and behavioral decline. It is inherited in an auto-
somal dominant pattern, with the number of CAG repeats
in the HTT gene being the strongest determinant of age
of onset [1]. Average age of onset is about 40 years old,
with a range from childhood to the eighth decade [2, 3].
It has been suggested that older onset patients are more
likely to present with motor manifestations, and younger
patients with psychiatric/behavioral manifestations [4].
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However, phenotypic differences by age of onset have not
been well-characterized in the HD literature, likely due
to sample size limitations of most studies. Furthermore,
whether phenotypic differences persist or vary by disease
stage has not been previously described. There remains a
lack of clarity on the relationship between age of onset and
HD progression. In a 1995 study, Feigin et al. reported no
significant connection between rate of functional decline
and age of onset [5]. A more recent publication described
a significant association between younger age of onset and
faster decline in UHDRS motor score and Independence
Scale, but did not find an association with Total Functional
Capacity (TFC) [6]. Using the large database of HD patients
from Enroll-HD, we characterized HD phenotype and func-
tional decline by age group across the spectrum of disease
severity. Knowledge of the phenotypic profile and rate of
progression by age of onset will inform standard of care
recommendations and aim to improve the quality of care
for HD patients.
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Methods

This study is a cross-sectional analysis of prospectively col-
lected data from manifest HD subjects in the Enroll-HD
database. Enroll-HD began in 2012 as part of an observa-
tional, multi-national, multi-center study and contains lon-
gitudinal clinical information on over 15,000 participants as
of December 2018. This dataset includes 3,802 participants
from the European REGISTRY study that preceded Enroll-HD
[7]. Study participants are recruited from specialty clinics
and enrolled from 125 sites located in 13 countries across
four continents. Each study site is evaluated by an IRB or
equivalent ethics committee. Enroll-HD collects deidenti-
fied data from participants at annual study visits and utilizes
a risk-based monitoring strategy to maintain data quality
[8]. The data for this study was from the dataset cutoff made
available in December 2018.

Participants with manifest/motor-manifest HD at enroll-
ment were included. Participants younger than 20 years of
age at symptom onset were excluded to remove those with
juvenile-onset Huntington's disease, which differs signifi-
cantly in phenotype from adult-onset HD and has already
been well-characterized in the literature as a distinct clini-
cal presentation [9, 10]. Age groups were defined as follows:
young onset (20-29 years), typical onset (30-59 years),
and late onset (60+ years). Typical and late onset age group
cutoffs have been used and validated by previous studies
[11-15]. Age of onset was determined by Enroll-HD rater’s
estimate of symptom onset. Subjects in each group were cat-
egorized into TFC total score bins, from Stage I (least severe)
to Stage V (most severe). TFC Total Score 11-13 is character-
ized as Stage I, 7-10 is Stage II, 3—6 is Stage III, 1-2 is Stage
IV, and 0 is Stage V. For the purposes of analysis, TFC scores
were grouped into 3 previously validated categories: early
(stage I and II), moderate (stage IIl), and advanced (stages IV
and V) [16, 17]. These TFC score stages are utilized in clinical
practice and in contemporary research studies [13, 18, 19].

Demographic data and motor, cognitive, and behavio-
ral measures were analyzed. Motor variables included the
Unified Huntington's Disease Rating Scale (UHDRS) motor
score and Timed “Up and Go" test. Cognitive variables
included Symbol Digit Modality Test, Verbal Fluency Test
(Category), Verbal Fluency Test (Letter), Stroop Color Naming
Test, Stroop Word Reading Test, and Stroop Interference
Test. For the above measures, percentage correct was cal-
culated by dividing total correct answers by total answers.
Percentage correct was used for analyses. Mini Mental State
Examination (MMSE) score was also included as a measure
of cognitive function.

Behavioral measures included quantification of drug
and alcohol abuse; Hospital Anxiety and Depression Scale
— Snaith Irritability Scale (HADS-SIS) anxiety, depression,
irritability, outward irritability, and inward irritability sub-
scores, total number of suicide attempts (from Columbia-
Suicide Rating Scale baseline and follow-up); and Problem
Behaviours Assessment — Short (PBA-s) Depression,
Irritability aggression, Psychosis, Apathy, Executive function,
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Depressed mood frequency, Suicidal ideation frequency,
Anxiety frequency, Irritability frequency, Angry or aggressive
behavior frequency, Lack of initiative (apathy) frequency,
Perseverative thinking or behavior frequency, Obsessive-
Compulsive Behaviors frequency, Delusions frequency,
Hallucinations frequency, Disoriented Behavior frequency.
For all PBA-s frequency variables, responses were converted
to and analyzed as binary variables: not present (coded as
O-absent) vs. present (includes 1-slight, questionable, 2-mild,
3-moderate, and 4-severe).

Data Analysis

Descriptive statistics were calculated for all variables of
interest. Categorical variables were summarized with counts
and percentages, and continuous variables with means and
standard deviations or median and interquartile range, as
appropriate. The drug and alcohol abuse variables were
binary variables (yes/no). TFC score at baseline was utilized
to sort participants into early, moderate, and advanced dis-
ease stage. Chi-square test, Fisher's exact test, and Kruskal-
Wallis test, as appropriate, were used to determine p-values.
P-values less than 0.05 were considered significant for overall
comparison. As we aimed to identify any factors potentially
associated with age of onset, we did not consider p-value
correction on potential factors. However, Bonferroni p-value
correction was used to do pairwise comparison for post-hoc
analysis. Bonferroni corrected p-values less than 0.01667
were considered significant when we compared 3 combina-
tions of age of onset groups. In this context, we viewed con-
trol over type Il error more important than control over type
I error. In addition, the analyses were deemed exploratory
overall and the primary focus was not to generate a precise,
predictive model.

Sensitivity analysis was conducted to determine the aver-
age change in TFC score between age of onset groups, exclud-
ing participants whose first visit was outside 6 months to 1.5
years after baseline visit, participants whose second visit was
outside 1.5 year to 2.5 years after baseline, and participants
whose third visit was outside 2.5 years to 3.5 years after
baseline. Follow-up visits for Enroll-HD are to be conducted
annually, and these exclusions remove variation from that
timeline. Additionally, only participants who had TFC scores
for their baseline, first visit, second visit, and third visit were
included. ANOVA was used to compare mean TFC score
change from baseline between age of onset groups. The
same parameters were used for a sensitivity analysis of aver-
age change in UHDRS Functional Assessment Independence
Scale.

Results

7,311 manifest HD subjects were included in the analysis of
which 612 were young onset, 5,776 typical onset, and 923
late onset. There were 15,301 total participants in the Enroll-
HD database, of which 8,043 had manifest HD. 176 partici-
pants were excluded due to age <20 and 556 were excluded
due to missing age of onset value. Participants were 51.5%
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female, 94.3% white/Caucasian, and average CAG repeats in
the HTT gene was 43.8. The average age of clinical HD diag-
nosis in our adult study population was 49.2 years (Table 1).

Motor Variables
At early (TFC I-1I) and advanced (TFC IV-V) stages of disease,
motor function varied based on age of onset. At early stages
of disease, the late age of onset group had worse motor
function compared to the young and typical age of onset
groups, with significantly worse UHDRS Motor scores in late
onset (median [Q1-Q3] = 30.00 [20.00-39.00]) compared to
young onset (25.00 [15.00-38.00], p-value = 0.00007) and
typical onset participants (27.00 [18.00-38.00], p = 0.0003).
At advanced stages of disease, all the age groups had sig-
nificantly different motor function. The young onset group
had worse UHDRS motor scores (83.00 [70.00-91.50]) com-
pared to the typical onset (75.00 [63.00-87.00], p = 0.003)
and late onset participants (65.00 [53.00-77.00], p < 0.001).
The typical onset group also had significantly worse motor
scores compared to the late onset group (p <0.001) (Table 2).

Cognitive Variables

The cognitive variables analyzed yielded no clinically
significant trends when compared between groups. At
early stages of HD, some intergroup differences were
seen for Symbol Digit Modality Test (p = 0.02) and Ver-
bal Fluency Test Category (p = 0.01). For instance, the
young age of onset group scored slightly better (median
[Q1-Q3] = 100.00 [93.22-100.00]) compared to typical
(100.00 [90.91-100.00], p = 0.003) and late onset group
(100.00 [90.91-100.00], p = 0.013) on the Verbal Fluency
Test Category. At moderate stages of disease, late onset
participants had significantly worse scores compared to
typical onset participants compared on the Verbal Flu-
ency Test Letter (90.00 [76.00—100.00] vs. 92.98 [82.61—
100.00], p = 0.003) and Stroop Interference Test (94.74
[76.92-100.00] vs. 100.00 [87.50, 100.00], p = 0.011)
(Table 2).

Behavioral Variables

At early stages of disease, the young onset group tended
to have significantly worse behavioral symptoms, includ-
ing drug and alcohol abuse, anxiety, depression, irritability,
aggression, apathy, lack of initiative, obsessive-compulsive
behaviors, and delusions when compared to the late onset
group (Table 3). At moderate stages of disease, the late
onset group scored significantly worse on HADS-SIS depres-
sion and HADS-SIS inward irritability when compared to the
young onset group. Young onset participants were more
likely to abuse drugs compared to both the typical and late
onset groups at early, moderate, and advanced stages of
disease (all p < 0.01) (Appendix A). At advanced stages of
disease, young onset participants were more likely to have
delusions (29.27% vs. 16.02%, p < 0.009) and hallucinations
(20.73% vs. 7.41%, p = 0.015) when compared to the late
onset group (Table 3).
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At moderate stages of disease, late onset participants were
significantly more likely than young onset participants to
have worse HADS-SIS depression (8.00 [4.00—11.00] vs. 5.00
[3.00-8.00], p < 0.001) and HADS-SIS inward irritability
(2.50 [1.00-4.00] vs. 1.00 [0.00-3.00], p = 0.006) (Table 3,
Appendix A). HADS-SIS depression and anxiety scores are
normal 0-7, borderline 8-10, and abnormal 11-21 [20].
HADS-SIS inward irritability scores are normal <4 and out-
ward irritability scores are normal <5 [21].

Behavioral symptom profiles also differed significantly
between the typical onset group and the late onset group
at early stages of disease. At early stages of disease, typical
onset participants were significantly more likely than late
onset participants to abuse drugs and alcohol, have worse
anxiety, depression, irritability, apathy, executive function,
suicidal ideation frequency, angry or aggressive behav-
ior, lack of initiative, and obsessive-compulsive behaviors
(Table 3, Appendix A).

At moderate stages of HD, typical onset participants
scored significantly worse compared to late onset partici-
pants on drug abuse (6.66% vs. 1.87%, p = 0.004) and PBA-s
Angry or aggressive behavior frequency (32.96% vs. 22.79%,
p =0.003) (Table 3, Appendix A).

Disease Progression

With exclusions applied to remove variability in time of fol-
low-up assessments, 1,467 manifest HD participants were
included in the sensitivity analysis determining average
change in TFC score. The average decline in mean TFC score
from baseline to second visit (1.5 to 2.5 years) was signifi-
cantly faster in the young onset participants (—1.75 points)
compared to the typical (—1.23 points, p = 0.0105) or late
onset (—0.97 points, p = 0.0017) participants. From baseline
to third visit (2.5 to 3.5 years), the young onset participants
again declined significantly faster (—2.27 points) when com-
pared to the late onset group (—1.28 points, p = 0.0002), and
the typical group declined faster than the late onset group
(—1.81 points, p = 0.005) (Figure A).

1,406 manifest HD participants were included in the
sensitivity analysis determining average change in UHDRS
Functional Assessment Independence Scale. Results rein-
forced the changes seen in TFC score: the average decline
in mean Independence Scale score from baseline to sec-
ond visit was significantly faster in the young onset par-
ticipants (-3.53 points) compared to the typical (-2.35
points, p = 0.002) or late onset participants (—2.01 points,
p = 0.001). From baseline to third visit, the young onset
group again declined significantly faster (—4.62 points) com-
pared to the typical (—-3.52 points, p = 0.013) and late onset
(—2.92 points, p = 0.001) groups (Figure B).

Discussion

This analysis corroborates previous findings that symptom
burden profile and HD progression differ significantly by
age of onset [4]. Knowledge of the expected symptoms pro-
file for different age of onset groups throughout disease pro-
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Table 1: Demographic Characteristics.

Age of Onset Groups ALL
Young onset Typical onset Late onset
(20-29 years) (30-59 years) (60+ years)
N % N % N % N %
TFC stage
Stage I (11-13) 191 31.31 1864 32.30 278 30.18 2333 31.95
Stage 11 (7-10) 198 32.46 2025 35.09 347 37.68 2570 35.20
Stage III (3-6) 139 22.79 1265 2192 215 23.34 1619 2217
Stage IV (1-2) 54 8.85 445 7.71 67 7.27 566 7.75
Stage V (0) 28 4.59 172 2.98 14 1.52 214 2.93
TFC stage
Early (Stage [ & 1) 389 63.77 3889 67.39 625 67.86 4903 67.15
Moderate (Stage I11) 139 22.79 1265 21.92 215 23.34 1619 22.17
Advanced (Stage IV & V) 82 13.44 617 10.69 81 8.79 780 10.68
Sex
Female 319 52.12 2998 51.90 445 48.21 3762 51.46
Male 293 47.88 2778 48.10 478 51.79 3549 48.54
Race
Other 41 6.70 335 5.80 39 423 415 5.68
White/Caucasian 571 93.30 5441 94.20 884 95.77 6896 94.32
Has Mother Affected 279 46.66 2660 47.75 365 45.23 3304 47.36
Has Father Affected 308 51.85 2602 47.12 278 34.71 3188 46.09
Has Family History 526 85.95 4866 84.25 788 85.37 6180 84.53
Marital Status
Married/Partnership 199 32.52 3782 65.56 691 74.95 4672 63.97
Single/Divorced/Widowed/ 413 67.48 1987 34.44 231 25.05 2631 36.03
Legally Separated
ISCED Education Level
Less than or equal to 12th grade 374 61.41 3217 55.96 541 58.87 4132 56.78
Higher than 12th grade 235 38.59 2532 44.04 378 41.13 3145 43.22
Employment Status
Employed 129 211 1302 22.59 79 8.60 1510 20.70
Not Employed 482 78.89 4461 7741 840 91.40 5783 79.30
Rater's Judgement of Initial Major
Symptom
Motor 269 44.39 2966 51.51 631 68.36 3866 53.05
Cognitive 46 7.59 489 8.49 42 4.55 577 7.92
Psychiatric 165 2723 1197 20.79 104 11.27 1466 20.12
Oculomotor/Other/Mixed 126 20.79 1106 19.21 146 15.82 1378 18.91
Mean SD Mean SD Mean SD Mean SD
BMI 24.32 543 25.03 5.03 25.02 4.31 24.97 499
Age of clinical HD diagnosis 29.83 6.25 48.27 8.72 67.92 5.57 49.22 11.99
Larger research CAG allele deter- 49.81 4.67 43.59 249 40.75 1.19 43.75 3.34

mined from DNA

Missing values were encountered in 9 (0.12%) for TFC score, 335 (4.58%) for mother affected, 394 (5.39%) for father affected, 8 (0.11%)
for marital status, 34 (0.47%) for education level, 18 (0.25%) for employment status, 24 (0.33%) for rater’s judgement of initial major
symptom, 235 (3.21%) in BMI, and 140 (1.91%) in age of clinical HD diagnosis.



Art. 21, page 5 of 14

Kwa et al: HD Phenotypic Differences by AOO

‘'60"0 > d [9A3] 1B JUBDIUBIS ,

890 (0077 '00°S1) 00°81 L€ (0012 ‘'00°€1) 00°LL 75¢ (00ZZ '00'11) 00'LL Ve pasueApy
80°0 (0067 ‘00°61) 00°€T 8zl (00'9Z ‘00°07) 00°€T gze  (05'9Z ‘00°0Z) 00+ 08 SIBIPON (i) :oum:_mwmw
€10 (0087 '00°57) 00'LT €6€ (0067 '00°57) 00'LT 7957 (0067 '00'%7) 00'9C 0LT Aeg  91e1S [RIUBIN TN

€50 (00001 ‘00°0€) 798 €€ (00001 ‘£9°91) ¥T'88 187 (00001 ‘¥8°9¢) 0056 8¢ padUBAPY
70°0 « (00001 ‘26'9L) ¥L¥6 ssL (00001 ‘0528) 00°00L 956 (00001 ‘68'88) 00°00L 901 SIBIPON o 1551105 e30) 1591
vZ0 (00001 ‘00°56) 00001 8¥S (007001 ‘S196) 00°00L 116€ (007001 ‘80°96) 00°00L 96¢ Areq  souarepaiu] doons

610 (00001 ‘00°0) 00°00L 09 (00001 ‘00°0) 00°00L LSy (00001 ‘00°0) L9'96 €9 pasueApy
S90 (00°001 ‘00°00L) 00°00L 00z  (00°001 ‘00°00L) 00°00L £8LL (00001 ‘00°001) 00"00L 621 SIBPON o) uwm\ﬁ.,mmwmwm
81'0 (00°001 ‘00°001) 00°001 ¥19  (00°001 ‘00°001) 00001 1€8¢ (007001 ‘00°001) 00001 18€ Ajreg piom doons

780 (00001 ‘8€+9) £5°86 09 (00°001 ‘00°0) 97'L6 89%  (00°001 ‘00°0) 61'86 ¥9 padueApy
8L°0 (00°001 ‘0S°£6) 00°001 z0z  (00°001 ‘80°86) 00°00L 90z1  (00°001 ‘€9'86) 00°00L €€l 91BI9POI _sow\omww_%u_
¥8°0 (00001 ‘00°001) 00°00L ¥19  (00°00L ‘00°001) 00001 €€8¢ (007001 ‘00°001) 00°00L 18¢ Apes  -weN JojoD doong

vr0 (00001 #S5°19) 1£'S8 1y (00°001 ‘00°0S) L¥'9L LLZ (00001 ‘00°0) 6708 K2 pasueApy
10°0> & (00°001 ‘00°92) 00°06 ssl (00001 '1978) 86'26 vs8 (00001 '96'S8) 876 6 91eI9PON % §:8h wmm
81'0 (00°001 ‘05°£8) TL'¥6 9s¥  (00°001 ‘68'88) 00°S6 L£0€  (00°001 ‘T1°'06) S¥'S6 00€ Areq  3saL Aouanyf [eqiop
€0°0 « (00001 ‘00°5£) 00001 L9 (00001 ‘00°0%) 1£'S8 16 (00°00L ‘00°0) LG8 59 paoueApy KioSoes
170 (00°001 ‘€€°€8) 00°00L o1z (007001 ‘1£G8) 00001 Lzzl (00001 ‘0S'£8) 00°00L veL 91BI9POI 9% 131107 [2101
10°0 « (00001 ‘16°06) 00°00L 779 (00001 ‘16°06) 00°00L L¥8€ (00001 ‘TT'€6) 00°00L 8¢ Apes 39 Aouaniy [eqroa

91'0 (00°001 ‘00°0) 00°0S S¥ (vL'¥6'000) 000 86¢  (8££8'00°0) 000 r4s padueApY
€10 (00001 ‘00°5£) 00°S6 L81  (00°001 ‘9€'98) £7°96 vorL (007001 '£9°98) 00001 811 ajeIapop _soo\m mww\%
70°0 % (00001 ‘€£°€6) 00001 609  (00°001 ‘00°S6) 00°001 618¢  (00°00L ‘SL'€6) 00°00L v8¢ Apes  -Jepon H81Q [0quiAs
swoldwAs aArIUS0)

L¥0 (059 ‘00°S1) 00'LL u (00°€Z ‘00°01) 05°SL (4 (0017 ‘00°Z1) 00°%1 o1 pasueApy
70°0 « (000Z ‘00°LL) 00°FL €9 (0091 ‘05'6) 00°TL 79%  (00'SL '00'6) 00'LL Sy 91I2PO awn [ejoL
10°0> % (00'€1 '08'8) 00°0L zsz (0011 ‘OF'L) 006 1991 (00LL ‘00Z)SL'8 061 Apex 00 puedp, pawi]

10°0> « (00°2L'00°€S) 0059 6L (0028 ‘00°€9) 00°S L 609  (0S'16‘00°0L) 00°€8 08 pasueApy
€10 (0009 ‘00°6€) 00'1S ¥iz  (00°€9°05'8€) 00°LS gbzl (0049 '00°6€) 00195 6€1 91eI9pPOIN (S1)
10°0> % (00'6€ ‘00°07) 00°0€ 619  (00°8€ ‘00°81) 00T 1£8¢  (00°8€ ‘00°S1) 00°ST L8€ Ajleg  210s 1010 SYAHN
swoyjdwAs 1010

(%) N 10 (ED-1D)uelpsn N (%) NJIo(€D-ID)uelppBn N (%) NIo (€D-LD) uelpsw N f108318)

anjeA-d ae] 1eardAL sunoy 9100S D41

'S98e1S D41 pue sdnoin 19suQ Jo a3y AQ S9[qelieA AIUS0D) pue 1010 T d[qeL



Kwa et al: HD Phenotypic Differences by AOO

Art. 21, page 6 of 14

(pyu0d)

SL0 (00€ ‘00°1) 00'L € (052'001) 00'L € (007'001) 00T S padueApy
660 (00Z‘00°1) 00'L L (00Z'001) 00'L S.  (00'001) 001 6l 91BI9POIN (4N pue 1
G50 (001 '00°1) 00°L €l (00Z'00L) 001 vl (002'001) 00'L LT Areg  SYSS-D) sadwanie apnIns Jo # [e101
980 (00°€ ‘00°0) 00'L sz (00°€ ‘00°0) 00'L vl (00°€ ‘00°0) 00'L 14 pasueApy
10°0 « (00 ‘00'1) 05°C oo (00%'00°0) 00°C €09  (00°€'00°0) 00'L 79 ajeIapo 1005
10°0> & (00°€ ‘00°0) 00°C G9¢  (00% ‘000) 00°C Lzvz  (00% ‘00°0) 00°C ¥9¢ Aeq -qns A)[IqeILL pIEMUT SIS-SAYH
S9°0 (00°s ‘00'L) 00'C Gz (009°00'L)00°€ 6.1 (00°6'00L) 00°€ Y4 padueApY
€70 (006 ‘00'1) 00°€ 1oL (009‘00'L) 00°€ ¥09 (009 00'1) 00°€ 79 91BIOPOIN —
10°0> « (00°S ‘00'1) 00°€ 89¢ (009 00'L) 00°E 9zZ¥7 (00°L'00°7) 00 €97 Apres Apigelnin piemino SIs-SavH
880 (002 '002) 00 Gz (008'007) 00°S v.1 (008'00°7) 00F Y4 paoueApy
750 (008 '00°€) 00°S 00L (006 ‘00°7) 00°S 109  (008°00°7) 00°S 79 1eIPON
10°0> & (002 '002) 00°S G9¢ (006 ‘00°7) 009 €177 (00°0L ‘00°€) 00°9 €97 Ajeq 2100sqns A)[IqeILL SIS-SAVH
6£°0 (006 ‘00°9) 00°L gz (00TL ‘00°S) 00'8 9.1 (00'LL ‘00°€) 00'Z v padueApY
10°0> (00'L1 ‘00%) 00'8 66  (00°0L ‘00'F) 00L 209 (00'8'00°€) 00°S 79 91BIOPOIN
100> (002 '007) 00F G9¢  (00'8 ‘00°€) 00°S 91¥Z (008 °00°€) 00°S ¥9T Apres 2100sqns uolssaidap SIS-SAVH
0%'0 (009 ‘00'2) 00t Gz (006'00€)00°G 741 (09'8'05°7) 00F v pasueApy
820 (008 ‘00°€) 00°S 0oL (006 ‘00°€) 00'S ¥09  (00'8'00°7) 00% 79 ajerapo
10°0> % (00£'007) 00 G9¢ (006 ‘00°€) 009 L1¥Z (006 '05°€) 009 ¥9z7 Ajreg 2100sqns AJRIXUE SIS-SAVH
G50 (L1'9) s 18 (9%01)+9 719 (88%6)8 18 pasueApY
€10 (1o2) 61 vl (8S°11) 9%l 1971 (€zeL) L1 6€l 91BIOPOIN sased aqy ur E%Hw
10°0> & (06¥) 8¢ e9  (zTe)8se 188¢ (58'TL)0S 68¢ Ajreq Joyodre pey juedpnred ays seq
10°0> & (000)0 18 (sLe)ee €19 (oszL)oL 08 pasueApy
10°0> % (L81) ¥ vz (999)¥8 7971 (evel) LT 6€l 91BIOPOI mmmwww
10°0> (oLe) et 779 (26'6) S8¢ €88¢ (6L°61) LL 68¢ Alreg pasnqe 199 Juedpnied ay) sey
mEOHa—Ehm JeloliAeyag
(%) N10 (€D-1D)ueipsSIN N (%) N0 (€O-LO)ueipsn N (%) NJo (€D-LO)uelpsn N 105318
anjeA-d e 1eardAL sunog 3103S DL

'sade1S D41 pue sdnoin 1asuQ Jo a8y Aq sa|qeLieA [elolAeyag € d[qelL



Art. 21, page 7 of 14

Kwa et al: HD Phenotypic Differences by AOO

(‘pruod)

06°0 (6£'95) 9% 18 (LzLS) €s€ L19  (9L'6S) 6% 8 padueApy

€€0 (0£'6¥) 901 Glz  (SS%S) 069 G971 (08'1S) 7L 6€l aleIapoy Ewmeﬁoz.wwwﬁw

10°0> & (8t'8¥) €0€ 679 (29%S) vaie 688¢ (1985) 87T 68¢ Aprez Anqe s-vead

AN (P i) 9€ 18 (L6'€S)€ee L19  ($S'8S) 8F z8 padueApY

670 (v1'85) szL Glz  (29%S) 169 S9z1  (¥9'6h) 69 6€l 91eIpoN 1esaId 0N MMMMNM

10°0> (95°05) 91¢€ G729  (1z'L8)szee 688¢ (1¥09) S€T 68¢ Apreq Ksixuy s-ved

880 (8ZLL) %1 18 (1z'9L)ool L19  (6T'81)SL 8 pasueApy

980 (L26) 1T Glz  (oL8)oLL g9zl (se6) €l 6€l 91eI9PON JUS531q JON “SA JUSSaLg

€00 % (¥T9) 6 679  (€£'6) £9¢ 688¢ (8Z°01) OF 68€ Areg  Aduanbaiy uoneapr [epIng s-ved

18°0 (95°55) 5% 18 (sezs)eze L19  (88%S)S¥ 8 PadueApY

820 (8G°s¥) 86 Gl (sTev) €79 G971 (L1'€v) 09 6€l 91BIOPOIN 1095314 10N “SA JU9SAIg

10°0> & (cLey) L9t 679 (L0°€S) #90¢ 688¢ (85'LS) ¥t 68¢ Aieg  Aousnbayy poows passaidaq s-vdd

vE0 (006 ‘00°0) 00t 9z (00°0L ‘00°0) 00°9 1¥S (0021 ‘00°0) 00°9 1L pasueApy

910 (00900°0) 00°Z Glz (006 ‘00°0) 00°€ 9571 (00'6 '00°0) 00 LEL SEICIN

10°0> « (00 '00°0) 000 €79  (00'% ‘000) 000 v.8¢  (00'% ‘00°0) 00°0 98¢ Apres UomndUNY JAINIAXT S-Ved

L60 (00'ZL '00°1) 00'8 LL (00771 '00°0) 00'8 6sS (0071 '00°0) 00'8 LL pasueApy

0Lo (00'6 '00°0) 009 Gz (006 '00°0) 00% 8571 (00'8'000) 00°€ g€l eIpON

10°0> « (00 ‘00°0) 00°0 ¥79 (00 ‘000) 000 ¥88¢ (009 ‘'00°0) 00'1 L8€ Areq Aqredy s-vgd

770 (000 '00°0) 00°0 L (00°0'00°0) 000 L¥S (000 '00°0) 00°0 69 padueApY

900 (000 ‘00°0) 00°0 Gtz (00°0'00°0) 000 LS71 (00°0'00°0) 00°0 LEL 91BIOPOIN

AN (000 ‘00°0) 00°0 629 (00°0'00°0) 000 8.8¢ (00°0'00°0) 000 98¢ Ajreq SISOYIAsd s-Ved

€0 (007 ‘000) 00'L 6L  (008°00°0) 00T 665 (00Z00°0) 00'L 08 paoueApY

€10 (00'% ‘00°0) 00'L 61z (009 ‘00°0) 00'L 1921 (009 ‘00°0) 00'L 8¢l ajeIapo

100> « (00% ‘00°0) 050 ¥79 (00 ‘00°0) 00'L 688¢ (009 '00°0) 00T 98¢ Ajreq uolIssaIsse AN[IGeILL] s-vdd

880 (008 ‘00°0) 05°C 8L  (008'00°0) 00T S¥S  (00'8'00°0) 00T 1L payueApy

050 (008 ‘00°0) 00t Gtz (008°'00°0) 00°€ LSTl (002'00°0) 05°C 8¢cl aleIapo

10°0> « (009000) 00°C ¥29 (008 ‘00°0) 00F €88¢  (05°6 ‘00°0) 00'F 88¢ Ajzeg uoissaidoq s-ved
(%) N0 (€D-10)uelpan N (%) N10 (€D-1D)uelpaIn N (%) N10 (€D-LD) uelppan N K1053189)

anjeA-d e 1eardAL sunog 3102S DL



Kwa et al: HD Phenotypic Differences by AOO

Art. 21, page 8 of 14

9[eds Aiqesti]

yleus — a1eds uoissaidaq pue ARixuy [e1dsoH = SIS-SAVH ‘9[eds Suney aseasiq S,u01dununy payiun = SYAHN ‘HoYS — JUIWSSISSY SINOIABYRG WR[]oId = S-Vdd

'60°0 > d [9A9] 18 JUBIJIUSIS ,

4N (09°12) 85 18 (99°0L) 9¢¥ 19 (9L°69) 6¥ 8 pasueApy
. Juasald 10N 'SA Juasald
€70 (b¥L¥) 201 Slz  (lzTy) ves G971 (58'8¢€) ¥S 6€1 91eI9PON fouanbayy
1€°0 (#9'91) 0L 679 (€141) 999 688¢ (S0°07) 82 68¢ Ajreg I01ABYDg PAIUALIOSI( S-Vedd
G0'0 (1¥2) 9 18 (coz1)sol 219 (€£07) L1 8 pacueApy
Juasald JON "SA Juasald
70°0 « (o)1 Gz (s87)9¢ §9z1  (¥0'S) L 6€l 91BI9POI fouanbayy
780 (cr1) L 79 (171 L¥ 688¢ (¥S'1)9 68€ Apres suoneunn|ley s-ydd
700 (sezt)ol 18 (st'eL)ozL 19  (Lzed)ve 8 pasueApy
. Juasald 10N "SA Juasald
¥10 (8s'9)z1 Glz  (08'6) a1 69zl (s€6) €l 6€1 CHACTO) A fouanbayy
S0'0 (9g€) 1z 679  (60'9) 861 688¢ (89'9) 97 68¢ Areq suoisnfaq s-ved
1o (69%7) 0T 18 (ss°€g) L0T L19  (vTov) €€ 8 PadUBAPY 1UISAIJ 10N "SA 1UISAI
Aouanbai
770 (6L722) 6% Glz  (1617) €s€ G971 (czog€) Tv 6€1 91RI9PON . _o%_
100> (9¢°51) 96 679  (£5°07) 008 688¢ (1£°S7) 001 68¢ Apeg  -aeyag amisindwo)-oAIssasqQ s-vdd
L0 (€£719) 05 18 (€1'99) 801 19 (€9%9) €5 78 pasueApy
. JU3SAI] JON "SA JUISAId
S70 (se'ss) 6Ll 61z (00°09) 652 G9z1  (89%S) 9L 6€1 91BIapON fousnbazy Jomeyaq
10°0 « (09°€€) 0 679 (6£'8¢) €6¥L 688¢ (06'2€) 8TL 68€ Ajreg 10 BUD|UIY] SAIIRIIASSIN] S-Ved
860 (¥s92) 29 18 (109L) 69% L19  (€892) €9 78 pasueApy
. Juasald 10N "SA Juasald
LT0 (L€'89) L¥1 GIZ  (88'69) ¥88 g9zl (1£7€9) 88 6€1 CHACTO) fouanbayy
10°0> & (rTey) ¥9C 679  (66'6%) ¥i6l 688¢ (££°€S) 60¢ 68¢ Ajreq (Ayrede) aaneniut jo yoeT s-ved
LT0 (€9'67) ¥ 18 (L9'8€) 8¢€T L19  (L£6€) 6T 78 pasueApy
. (6£777) 6¥ Glz  (9672€) LIy 69zl (05°67) I 6€l1 91eIapPON JUISIId JON S 119891d
100 « P Aouanbayy
10°0> (09'17) €1 679 (S0'87) 1601 688¢ (9L'€€) 671 68¢ Aleg  Joiaeyaq dAIssaI33e 10 AI1SUY S-Vdd
(%) N10 (€D-1D)ueIpPN N (%) N10 (€D-1D)uelppan N (%) N 10 (€D-LD) uelpsan N K105189
anjea-d ae] 1eardAL sunog 2102 DL



Kwa et al: HD Phenotypic Differences by AOO Art. 21, page 9 of 14

9.0
8.5
8.0
L 75+ : 5
w ‘ :
[®) AfromBL 1.23f :
= 7.0+ :
~ . : :
65 : Afrom BL 1.81
6.0 : :
5.5 : :
T T T T
Baseline 2nd visit 3rd visit
| Y OUNG ONSE! = Typical onset = | ate onset |

Figure A: Average change in TFC score by age-of-onset groups. Young age of onset group shows markedly increased rate
of decline compared to typical and late onset groups. A = difference in mean TFC score, BL = baseline.
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Figure B: Average change in UHDRS Functional Assessment Independence Scale. Young age of onset shows mark-
edly increased rate of decline compared to typical and late onset groups from baseline to second visit and third visit. A =
difference in mean FA score, BL = baseline.
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gression will help to inform appropriate care of HD patients.
Further, a strength of this study is that it clearly defines
statistically significant phenotypic differences between the
given age groups. Young adult onset (20-29 years) is a novel
age group proposed by this study, and our analysis validates
the separation of this cohort from the typical onset group
based on distinct differences in symptom profile and most
clearly in terms of rate of disease progression (Figures A
and B). This study distinguishes young adult onset as a clini-
cally unique phenotype, similar to the distinction of juve-
nile Huntington's disease, which is defined by features of
increased behavioral symptoms and faster progressors in
functional decline [10, 12, 22]. While we recognize these
differences likely exist on a continuum rather than stop at
our defined age of onset cutoff point, our study shows that
younger skewing adult onset participants warrant special
considerations in management of their HD.

Regarding behavioral symptoms, at early stages of disease,
young onset participants were more likely than late onset
participants to suffer from worse behavioral symptoms,
including drug and alcohol abuse, anxiety, depression, irri-
tability, aggression, apathy, lack of initiative, obsessive-
compulsive behaviors, and delusions. At moderate stages of
disease, this preponderance of behavioral symptom burden
diminishes, and late onset participants were found to have
more depression and inward irritability when compared to
the young onset group. At advanced stages of disease, the
young onset group was again found to have a greater preva-
lence of drug abuse, hallucinations, and delusions than the
late onset group.

A similar trend was also found in early and moderate
stages of disease when comparing the typical onset group
to the late onset group. At early stages of disease, the typical
onset participants were more likely than late onset partici-
pants to abuse drugs and alcohol, have anxiety, depression,
irritability, apathy, decreased executive function, increased
suicidal ideation, angry or aggressive behavior, lack of ini-
tiative, and obsessive-compulsive behaviors. At moderate
stages of disease, typical onset participants were more likely
than late onset participants to abuse drugs and have angry
or aggressive behavior.

These findings support previous suggestions that HD
patients with young age of onset have a greater behavioral
symptom burden at early disease stage, while late age-of-
onset patients have greater motor burden at early stages
[4]. Additionally, these findings reinforce our clinical obser-
vations, in which younger onset patients are more psychi-
atrically affected than older onset patients with the same
degree of functional impairment. This study builds upon
those findings by showing that typical onset participants
have a significantly greater burden of behavioral symptoms
profiles when compared to late onset participants at both
early and moderate stages of disease. Further, although it
varies by disease state evaluated, HADS-SIS score has been
shown to have a minimal clinically important difference
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of about 1.5; thus even the small intergroup differences
described in this study can affect symptom presentation and
management [23].

Additionally, our study makes the important distinction
that after adjusting for TFC score, young and typical age of
onset participants still had a greater burden of behavioral
symptoms compared to the late onset group. Traditionally,
expanded CAG allele repeats associated with more aggres-
sive disease have been used to explain the increased burden
of behavioral symptoms in people with younger age of onset
[1]. However, differences in symptom profiles were observed
between the age of onset groups when compared at the
same stage of disease severity (Table 3). These findings are
corroborated by a previous study, which showed no correla-
tion between CAG repeat length and psychiatric symptoms
in HD [24]. Thus, other factors may explain the observed
behavioral differences.

Social factors and anxiety about disease progression likely
play into the behavioral differences observed. Young people
in families with HD endure considerable anxiety and have a
lack of support in relation to their HD risk [25]. This burden
of anxiety and lack of social support could become magni-
fied once HD manifests. Specifically, lack of social support
is associated with decreased quality of life for patients with
neurodegenerative diseases [26]. Additionally, given their
young age of onset and the genetic nature of HD, these par-
ticipants are more likely to be caretakers for living family
members affected by HD, which has been shown to cause
high rates of family dysfunction, psychological stress, and
significantly affect quality of life [27-29]. Even when con-
trolling for CAG repeat length, HD patients with a family
history of HD have been shown to have earlier depression
onset and are more likely to have behavioral manifesta-
tions as their initial major symptom compared to de novo
HD patients [30]. Thus, the young age of onset group may
have to deal with the emotional stress of their HD, which is
potentially compounded by the emotional stress of caring
for ailing HD family members [31].

Besides caring for affected relatives, young age of onset
HD patients may also have to manage functional decline
with the social expectations of young adult life, such as fam-
ily planning and employment [31]. Notably, 78.89% of the
young onset participants were unemployed, compared to
77.41% in typical onset and 91.40% in late onset (Table 1).
While the unemployment rate is not significantly higher in
the young onset group, loss of employment at a younger
age could be an exacerbating factor for functional decline in
the young onset population. There is compelling evidence
that the cognitive and functional decline due to HD could
cause loss of employment and contribute to exacerbation of
behavioral symptoms. A previous study utilizing Enroll-HD
found that the functional declines associated with HD con-
tributed to HD patients leaving the workforce earlier [32].
Leaving the labor force has been found to be associated with
higher risk of poor physical and mental health in adults [33].
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This increased risk for mental illness is likely exacerbated
in the young onset group, given they have less opportu-
nity to participate in the workforce compared to late onset
participants.

With respect to motor symptoms, this analysis shows that
at early disease stages, the late onset group had worse motor
function compared to the young onset group. At advanced
stages of disease, young onset participants tended to have
worse motor function than their late onset counterparts.
Therefore, this study indicates that the greater burden
of motor symptoms in the late onset group does not per-
sist into more severe disease. At early disease stages, par-
ticipants with late onset HD potentially have more motor
deficits due to natural loss of function from aging. At later
stages, HD patients are likely all similarly affected by injury
to striatal networks. Further studies are warranted to eluci-
date why the young onset group had worse motor function
with more advanced HD.

Our study found no significant trends regarding differ-
ences in cognitive variables between age groups and across
stages of disease. This is somewhat surprising, given that
age is a risk factor for dementia and cognitive decline [34].
Cognitive decline may be difficult to predict given the num-
ber of factors that influence cognitive reserve, such as exer-
cise levels, intelligence level, occupational status, and years
of education [34-36]. However, the Enroll-HD study partici-
pants analyzed in our study were relatively matched in edu-
cation level and employment status (Table 1); therefore, we
can expect all groups would have relatively equal levels of
cognitive reserve.

The evidence relating cognitive decline in HD to age of
onset prior to this study have been mixed. A previous study
found cognitive status was better preserved in younger
onset HD patients when compared to later onset patients
[37]. Other studies suggested found that CAG repeats, which
are correlated with earlier onset, were strongly associated
with striatal atrophy and that subcortical atrophy, specifi-
cally atrophy of the head of the caudate nucleus, were posi-
tively associated with cognitive deficits [1, 38, 39]. More
aggressive disease in the young onset group could poten-
tially be equal to the cognitive deficits caused by aging in
the late onset group, thus leading to our result of no signifi-
cant intergroup differences in cognitive function.

Finally, young age of onset is predictive of a faster func-
tional decline for adults with HD when compared to those
with typical and late age of onset. This finding is consistent
with the fact that younger age of onset is associated with
expanded CAG repeats, which have been associated with
faster and more widespread basal ganglia atrophy [1, 40, 41].
This result directly contradicts the highly cited 1995 study
by Feigin et al. which reported that there was no correlation
found between functional decline and age of onset in 129
manifest HD patients studied [5]. A 2003 study published by
Mahant et al. had results more consistent with ours: in 1,026
patients, the rate of decline in UHDRS total motor score and
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Independence Scale was significantly faster with a younger
age of onset [6]. However, their study included patients with
juvenile onset HD and found no association with total func-
tional capacity.

This study makes the important distinction that the asso-
ciation between faster functional decline and younger age of
onset persists in the context of adult HD. Additionally, this
study was able to show a novel correlation between younger
age of onset and a global measure of functional capacity,
TFC score. This study shows these robust associations in
larger and more diverse HD population followed over the
course of 3 years. These findings, paired with the finding
that younger age of onset participants had a greater burden
of behavioral symptoms, suggest that behavioral symptoms
may contribute more significantly to functional decline in
this younger population.

Our findings have important implications for the treat-
ment and prognosis of HD. Particularly, patients with a
young and typical age of onset should be screened for
behavioral symptoms and directed towards resources which
will help them more effectively manage these symptoms.
This study can help family members and caretakers become
more aware that behavioral issues are likely to manifest in
patients with earlier HD onset. Given that motor symptoms
are worse for young onset patients at later stages of dis-
ease, preventative and early interventions with modalities
such as physical therapy can be implemented into their care
plans [42]. Similar adaptations of our findings can be imple-
mented to tailor treatments and interventions for typical
and late onset HD patients.

Limitations

Since this study was cross-sectional and observational, this
precludes us from making causative explanations between
the variables studied and limits our conclusions to associa-
tions. Although we used rater determination of symptom
onset, this estimation of age of onset could still be imprecise
and amount to some discrepancy in the actual age of onset
of manifest HD and the group assigned in this study. Study
participants were categorized based on their TFC score at
baseline and the motor, cognitive, and behavioral variables
analyzed were determined from baseline visits. This cross-
sectional design meant we could not account for interper-
sonal differences in the participant population. We are lim-
ited by the amount of follow-up data currently available in
Enroll-HD. Sufficient TFC data points to analyze functional
decline were only available up to visit 3, and these partici-
pants represented 20.88% of manifest HD patients in the
Enroll-HD database. Insufficient powering also limited anal-
yses at advanced stages of disease, since there were less than
1,000 participants at TFC Stages [V and V.

Future directions
Future longitudinal analyses are necessary to expand on and
elucidate the findings of this study. Particularly, a multifac-
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torial cause for the greater burden of behavioral symptoms
in younger onset HD patients should be investigated. As the
Enroll-HD database continues to grow, future studies may
be able to better examine the disease course and phenotype
of HD, particularly in its advanced stages.

Conclusions

Young age of onset is predictive of a faster functional decline
for adults with HD when compared to those with typical and
late age of onset. HD patients with a young age of onset
have a greater burden of behavioral symptoms at early
stages of disease, suggesting that behavioral symptoms may
contribute more significantly to functional decline in this
younger population. Motor deficits are comparatively worse
for late onset participants at early stages of HD, and worse at
advanced stages for young onset participants.

Additional File
The additional file for this article can be found as follows:

- Appendix Table A. Pairwise Comparison after
Bonferroni P-Value Correction of Motor, Cognitive, and
Behavioral Variables. DOI: https://doi.org/10.5334/
tohm.536.s1
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