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ABSTRACT: BackgroundBackground: Identifying sex-related differences is critical for enhancing our understanding of
factors that may impact prognosis and advance treatments in Huntington’s disease (HD).
ObjectivesObjectives: To investigate if sex-related differences exist in clinical HD.
MethodsMethods: Longitudinal study of the Enroll-HD database. Manifest HD patients were included in the analysis
(N = 8401). Linear mixed models were used to assess motor, behavioral, and cognitive functioning over a series
of four annual visits, and compared male and female HD gene carriers.
ResultsResults: HD patients showed significant sex-dependent differences in motor, cognitive, and behavioral
symptoms. Both sexes had worsened motor symptoms over the course of four visits, but there was a significant
disparity between sexes, with females consistently presenting with more symptoms than males. For behavioral
symptoms, specifically depressive symptoms, females had significantly more depressive symptoms, although
self-reported symptoms in both sexes became less severe throughout time.
ConclusionsConclusions: Our analyses suggest that women have worse symptoms than men during the course of HD.

Huntington’s disease (HD) is a neurodegenerative disease caused
by a CAG repeat expansion on the huntingtin gene (HTT). HD
is characterized by a triad of symptoms that include motor, cog-
nitive and behavioral changes, progressing to worsening function
and eventual death.1 The motor dysfunction associated with HD
involves both an onset of involuntary movements, usually cho-
rea, and the deterioration of normal movements. Cognitive and
psychiatric symptoms often precede the motor symptoms. While
variable, the psychiatric manifestations include major depressive
disorder, anxiety, and irritability among others.1,2

Neurodegenerative diseases are influenced by a multitude of
variables. Sex, an unmodifiable risk factor, has been recognized
as a potential contributing factor in the pathophysiology of neu-
rodegenerative diseases that can influence both prognosis and
treatment.3–5 Previous investigations have identified a sex-
dependent bias in the risk, symptomatology, and progression of
neurodegenerative diseases, such as Alzheimer’s disease,
Parkinson’s disease, multiple sclerosis and HD, possibly due to
subtle sex-related biological differences in brain structure and

organization.4,5 However, the mechanisms associated with sex-
dependent effects on the central nervous system are not fully
understood, and elucidating their relationship in the develop-
ment and progression of neurodegenerative diseases is of great
value to clinicians and patients. For instance, sex-differences in
HD may affect disease prognosis and guide the management and
treatment of symptoms.

The majority of evidence of sex-related differences in HD
comes from studies that examined instability in CAG repeat
length in male intergenerational transmission. Large expansions
occur almost exclusively through paternal transmission, while
offspring of affected mothers are more likely to show no change
or contractions in CAG length.6 Unexpectedly, in maternal
transmissions, repeat-length changes were also dependent upon
the sex of the offspring, with a tendency for expansion in male
offspring and contraction in female offspring.4,7 Despite the
well-known CAG repeat instability in male intergenerational
transmission, little is known about sex-related differences in the
natural history of HD. There is clinical relevance to
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understanding sex differences, particularly in relation to disease
outcomes. Such differences could play an important role in
symptom manifestation, disease progression, and potentially,
response to treatment. Therefore, the current study was designed
to investigate if sex-related differences exist in clinical
HD. Taking advantage of the Enroll-HD database, we specifi-
cally aimed to define whether: (1) there is a difference between
male and female HD gene carriers at the age of clinical diagnosis;
(2) sex is a significant predictor of disease severity and/or pro-
gression; (3) sex is associated with disease phenotype (ie, presence
of specific motor, cognitive or behavioral symptoms); and (4) the
CAG repeat length varied between males and females.

Methods
This study used information from the Enroll-HD database, a lon-
gitudinal observational study on HD with study sites in North
America, Latin America, Europe, Australia, and New Zealand.
The Enroll-HD study, in addition to other goals, aims to
improve understanding of the dynamic phenotypic presentation
of HD and disease mechanisms.8

We used the periodic dataset containing Enroll-HD partici-
pants which met the criteria for inclusion as of December
14, 2018 (PDS4, N = 15,301 participants). The Enroll-HD
assesses participants annually and manifest HD gene carriers were
included in our analysis. Manifest patients were defined by the
gene expansion for HD (larger CAG allele ≥36) and a clinical
diagnosis of HD based on motor signs certainty, i.e., set to 4 at
the Diagnostic Confidence Level (DCL) from the Unified
Huntington’s Disease Rating Scale (UHDRS).

Because biology and clinical phenomenology in HD might be
influenced by the CAG length and age, we calculated the ‘CAG
age product’ (CAP) score, which was used as a proxy for cumu-
lative disease burden. The CAP has been defined as:

CAP=AGE× CAG−Lð Þ=K

where AGE is the current age of the individual, CAG is the
repeat length, and L and K are constants. L is an estimate of the
lower limit of the CAG expansion at which phenotypic expres-
sion of the effects of mutant HTT could be observed, and K is a
normalizing constant. We used the CAP proposed by Warner &
Sampaio (2016), in which L = 30 and K = 6.27, and the CAP
will be equal to 100 at the subject’s expected age of motor
symptoms onset.9

First, we performed cross-sectional analyses in order to investi-
gate differences between male and female HD gene carriers at
visit 4. Associations between dichotomous variables were assessed
with the Pearson chi-square test. All continuous variables were
tested to assess whether they follow a Gaussian distribution using
the Shapiro–Wilk normality test. Two groups were compared
using the Mann–Whitney U test since data were determined to
not follow a normal distribution. For these analyses, we used data

from manifest HD gene carriers who completed the study visit
number 4 (baseline plus three annual visits).

Then, longitudinal data on motor, behavioral, and cognitive
functioning over a series of up to four visits (baseline plus three
annual visits) were analyzed using a linear mixed model to study
the sex-differences (adjusted for the CAP score). The P values
for post-hoc comparisons at each visit time were adjusted for
multiple testing. Motor symptoms were assessed by the UHDRS
- Total Motor Score (TMS). Cognitive performance was evalu-
ated by the scores in the verbal fluency test (VFT), the Symbol
Digit Modalities Test (SMDT), and the Stroop Interference Test
(SIT). The Problem Behaviors Assessment—Short Version
(PBA-s) was used to evaluate behavioral symptoms.

Results
The participants’ selection process is summarized in Fig. 1. A
total of 2145 manifest HD gene carriers completed at least four
study visits and were included in our cross-sectional analyses
(N = 1097 female and 1048 male subjects, Table 1). There were
no differences between male and female individuals in CAG
repeat length (Table 1). Although males were found to be older
than females at the time of the study visit and at the clinical diag-
nosis of HD (Table 1), these differences were not significant after
controlling for the CAP score (data not shown). History of alco-
hol abuse was more common in men while smoking was com-
mon among women (Table 1). Medical history of depression
was also more common in women than men with HD
(Table 1).

For the longitudinal analyses, we included all subjects with a
diagnosis of manifest HD at any of the four analyzed study visits
(baseline plus three annual visits, N = 8401 participants). Figure 2
shows the scores obtained in the motor, cognitive, and behav-
ioral scales over the four visits. Manifest HD patients showed sig-
nificant sex-dependent differences in motor symptoms
(P < 0.0001 for all visits). While both sexes showed gradual
motor worsening over the course of four annual visits, female
patients with HD consistently presented with more severe symp-
toms than males (Fig. 2A).

Regarding cognitive assessment, men tended to perform bet-
ter than women [VFT, visits 1–3; SMDT, visits 1–2; and SIT,
visits 1–4], and the differences were statistically significant for the
SIT visit 1 (P = 0.021) (Fig. 2B,D). Interestingly, female patients
performed better over time on the SIT and SDMT (Fig. 2B,C).
This may be due to repeated testing effects, as patients are repeti-
tively exposed to the test and they may learn and perform better
on each visit. However, if that is the case, an explanation is
needed to determine why male patients were not able to
improve their scores significantly over time. On the contrary, a
worsening of the scores for the VFT was seen in males (Fig. 2D).

When comparing the subscales of the PBA-s, a significant dif-
ference between sexes was found for the depression sub-score
(P < 0.0001 for visit 1 to 3, and P = 0.007 for visit 4). Females
presented with worse symptoms than males, although both
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groups progressed similarly through follow-ups. Interestingly, the
depression sub-scores decreased over time, which could be
explained by less insight into the disease or reduced capacity to
comment about the symptoms in patients with advancing HD
(Fig. 2E). No differences between sexes were found for irritabil-
ity/aggression and psychosis sub-scores of the PBA-s (Fig. 2F,G).

Regarding the apathy sub-score, although men scored signifi-
cantly worse than women at visit 2 (P = 0.003), female HD gene
carriers progressed worse over time (Fig. 2H). Finally, male and
female HD gene carriers presented similar scores in the executive
function component of the PBA-s, with both sexes worsening
over the course of the four visits (Fig. 2I).

FIG. 1. Flowchart showing participants’ selection. This study evaluated enroll-HD participants that meet the criteria for inclusion into the
dataset as of December 14, 2018 (PDS4).

TABLE 1 Cross-sectional analyses comparing female and male patients with Huntington’s disease (HD) at visit 4. Only CAG
≥36 and manifest HD subjects from enroll-HD which meet the criteria for inclusion into the dataset as of December 14, 2018
(PDS4) and who completed at least four study visits were included in these analyses (N = 2145)

Sex

Female (N = 1097) Male (N = 1048) P value

Age in years at visit 4 [mean � SD (median)] 54.4 � 12.1 (55) 55.6 � 12.2 (56) 0.028ab

Days relative to baseline date of Enroll-HD at visit 4 [mean � SD (median)] 1098 � 128 (1099) 1098 � 129 (1099) 0.951a

Age of clinical HD diagnosis [mean � SD (median)] 47.5 � 11.8 (48) 48.9 � 12.0 (50) 0.017ab

CAG repeats [mean � SD (median)] 43.9 � 3.6 (43) 43.8 � 3.8 (43) 0.075a

Medical history of:
Alcohol abuse (%) 32.0 42.4 <0.001c

Smoking (%) 23.4 18.3 0.013c

Drugs abuse (%) 2.2 3.2 0.320c

Depression (%) 80.9 71.4 <0.001c

Irritability (%) 73.5 74.4 0.880c

Violent/aggressive behavior (%) 41.9 45.6 0.228c

Perseverative/obsessive behavior (%) 59.6 61.4 0.711c

Apathy (%) 71.5 68.0 0.131c

Psychosis (%) 14.0 12.2 0.281c

Significant cognitive impairment (%) 64.9 61.5 0.225c

Previous suicidal ideation (%) 34.4 31.5 0.171c

Medical history data were collected at the Enroll-HD baseline visit and verified again at every annual visit.
aMann-Whitney test.
bThe differences are not significant when controlling for the CAP score.
cPearson chi-square test. Significant values are highlighted in bold.
SD, standard deviation.
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Discussion
Studying sex differences in HD adds valuable information on the
natural history of the disease. Herein, we assessed clinical outcomes

linked to the natural history of HD over a period of 4 years. We
found that female HD gene carriers present with worse motor, cog-
nitive, and depressive symptoms than males, although symptom pro-
gression over the years was similar between the two sexes.

FIG. 2. Differences between male (in red) and female (in blue) patients with HD. The graphs show motor, cognitive, and behavioral
symptoms progression over the period of four annual visits. (A) the unified Huntington’s disease rating scale-Total motor score
(motscore_new). (B) Stroop interference test (sit1_new). (C) Symbol digit modalities test (sdmt1_new). (D) Verbal fluency test
(verfct5_new). (E) Problem behaviors assessment - short version (PBA-s), Depression score (depscore_new). (F) PBA-s, irritability/
aggression score (irascore_new) (G) PBA-s, psychosis score (psyscore_new). (H) PBA-s, apathy score (aptscore_new). (I) PBA-s, executive
function score (exfscore_new).
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Sex-differences are often not highlighted in the literature in HD,
possibly because of the HD autosomal inheritance pattern, which is
considered sex-independent.10 However, sex may play an important
role in disease progression and clinical phenotype. Our results cor-
roborate previous analysis of sex-differences in HD, which showed
that the presence of depression and history of depression is more
prevalent in women than in men, while the history of alcohol abuse
is more prevalent in men than in women.10,11 Our findings also
confirm data from the PREDICT-HD study, which reported the
female sex as a significant predictor of increased depressive symp-
toms severity,12 and from the REGISTRY study, which reported
that the rate of HD progression is faster in women than in men.11

Not only the motor dysfunction was worse in women than in
men, but also the motor domain affected function in women more
than in men, thus suggesting that the motor symptoms of HD have
a significantly stronger impact on functional abilities in women.13

Other studies, however, have failed to show any sex-related
effect on HD progression or clinical phenotype. An elegant study
conducted by the Huntington Study Group revealed that sex did

not affect overall function, motor, cognitive, and behavior in a
cohort of 960 patients with HD followed prospectively for a
mean of 18.3 months.14 In addition, contrary to our data, sex
was not described as a significant predictor of depressive symp-
toms, anxiety, or general distress in HD.15

We observed that depressive symptoms became less severe
over time in both male and female HD patients. Our results
corroborate previous reports in which the proportion of HD
patients endorsing significant depression diminished with dis-
ease progression.16,17 It is not clear, however, if patients
indeed become less depressive over the course of HD or if
they fail to recognize and/or report such symptoms. It has
been well documented that anosognosia can be a major com-
ponent of HD and has implications on management and treat-
ment, particularly of symptoms such as depression.18 Another
explanation could be due to an adaptation to the disease pro-
cess and its outcomes.16,17

We found no differences between male and female HD gene
carriers regarding the time of clinical diagnosis of HD when

FIG. 2. Continued
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controlling for the CAP score. Our results corroborate a previous
report of no sex-differences in the age of HD diagnosis.19 How-
ever, these results are controversial, since another study has
reported that females have an earlier age of onset than males.20

Noteworthy, that the age of HD clinical onset is highly influenced
by the CAG repeat length, and in the latter study, the comparisons
were not controlled for the patients’ CAG length or CAP score.20

In addition to the CAG repeat length, other genetic factors might
play a significant role in determining age at onset in HD. Sex-
specific differences in genotypes and allele frequencies may influ-
ence age at onset differently in male and female patients. For
example, a study reported that a coding variant in PPARGC1A
was associated with an earlier motor onset in male but not female
HD gene carriers.21 In addition, males with the apolipoprotein E
genotype ε2ε3 have significantly earlier onset than females of the
same genotype.4 These findings suggest that subtle differences in
the course of the neurodegeneration in HD may allow interacting
genes to exert sex-specific effects upon the age at disease onset. It
is worth mentioning that there were no significant sex differences
for age at death in individuals with HD.22

We are aware of the limitations of our study. Additional stud-
ies including variables such as brain structure, genetic analysis,
and biomarkers, among others, with a longer follow-up, would
be of great value to increase our understanding of the pathophys-
iology of HD and evaluate potential sex differences. In addition,
our analysis did not control for potential confounders, such as
age at disease onset and affected parent. Future studies including
different populations and controlling for potential confounders
are needed to confirm our findings. The strengths of our study
include the longitudinal assessment of different clinical outcomes
linked to the natural history of HD, and the high number of par-
ticipants, as they belong to a large-scale multicenter study.

In conclusion, this study increases awareness of different clini-
cal outcomes for female and male patients with HD. Future
research in humans is needed to characterize hormonal factors
and other variables pertaining to disease onset as the manifest of
clinically apparent symptoms appear to be the result of a multi-
factorial pathogenesis.
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