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ABSTRACT: BackgroundBackground: Huntington disease (HD) is an inherited neurodegenerative disorder characterized by
motor, psychiatric, and cognitive symptoms. Little is known about the effects of environmental factors on HD
symptom onset and severity.
ObjectiveObjective: To evaluate the relationship between education level and age of diagnosis, symptom onset, and
symptom severity in HD.
MethodsMethods: This study evaluated 4537 adult-onset, motor-manifest HD participants from the Enroll-HD global
registry. Education level was assessed using International Standard Classification of Education categories,
stratified into three education groups corresponding to pre-secondary, secondary, and post-secondary
educational attainment. Motor and behavioral symptoms of HD, cognition, and functional capacity were
measured using baseline Unified Huntington’s Disease Rating Scale (UHDRS), Mini-Mental State Exam (MMSE),
Symbol Digit Modalities Test (SDMT), verbal fluency, and Stroop assessments.
ResultsResults: After adjusting for CAG repeats, higher level of education predicted lower age of onset of motor
symptoms, depression, irritability, and cognitive impairment (all P-values < 0.001). After adjusting for age of
enrollment and CAG repeats, the highest education level predicted the lowest UHDRS motor scores, higher
UHDRS total functional capacity and functional assessment scores, and higher SDMT, MMSE, verbal fluency,
and Stroop assessment scores (all P-values < 0.001).
ConclusionsConclusions: HD participants with higher education levels have earlier age of diagnosis and age of symptom
onset, but lower motor exam scores and higher functional assessment scores. Earlier recognition of symptoms
in more highly educated participants may explain earlier symptom onset and diagnosis. Better performance on
motor and functional assessments may be explained by higher cognitive reserve in those with greater
education.

Huntington disease (HD) is an autosomal dominantly inherited
neurodegenerative disorder characterized by a triad of character-
istic motor, psychiatric, and cognitive symptoms. The critical
determinant of age of onset of HD is CAG trinucleotide repeat
length in the mutant HTT allele.1 However, significant variabil-
ity in disease presentation exists among individuals with the same
number of CAG repeats, even within families. While genetic
modifiers of disease onset have been identified,2 in one geneti-
cally related HD population, 63% of the variance of age of onset
was determined by environmental effects.1 While much is

known about the genetic factors that lead to HD onset, less is
known about the effects of environmental factors on disease
onset and severity.

Prior research has shown that enriched environments delay
symptom onset, improve motor symptoms, and slow progression
of HD pathology in mice.3–5 Cognitive reserve, defined as the
brain’s ability to resist injury through flexible use of existing neu-
ral networks as well as reliance on surrounding structures, could
explain this disease-modifying effect, and cognitive reserve is
known to be influenced by education.6–9 The protective role of
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education on both symptom onset and disease manifestations in
Alzheimer’s disease is well-established.10–13 In HD, one study
did not find a specific association between education level and
age of onset of HD symptoms,3 while another study found that
higher education levels were associated with earlier age of onset
of HD symptoms and less severe Unified Huntington’s Disease
Rating Scale (UHDRS) scores.14 We sought to further evaluate
the effect of education on symptom onset and severity in
Huntington’s disease. The primary objective of our study was to
determine the effect of education on the age of onset of motor
symptoms with the primary measure being motor scores on the
UHDRS, and age of HD diagnosis. Secondary objectives
included determining the effect of education on the age of onset
of depression, irritability, and cognitive impairment; and deter-
mining the effect of education on functional status after HD
diagnosis.

Methods
Study Population
Clinical data used in this study were obtained from Enroll-HD.15

Enroll-HD is a global clinical research platform designed to facil-
itate clinical research in Huntington’s disease. Core datasets are
collected annually from all research participants as part of this
multi-center longitudinal observational study. Data are moni-
tored for quality and accuracy using a risk-based monitoring
approach. All sites are required to obtain and maintain local insti-
tutional review board approval. De-identified clinical, biological,
and descriptive data from Enroll-HD are available to qualified
researchers. Participants in Enroll-HD are categorized as pre-
manifest/pre-motor manifest, genotype negative, manifest/motor
manifest, or family controls. The HD study population includes
participants 18 years old or older that are carriers of mutant HD
gene expansions (regardless of disease expression) or less than
18 years old with clinically diagnosed HD. The overall study
enrollment process includes a review of inclusion/exclusion
criteria, as defined by the Enroll-HD protocol. Each participant
provided oral and written informed consent at their participating
site. For this study Enroll-HD Periodic Dataset #3 was accessed
on April 18, 2017.

Standard Protocol Approvals,
Registrations, and Patient
Consents
All sites were required to obtain and maintain local ethics com-
mittee approvals. Participants must have signed informed consent
forms for their data to be included in the datasets.

Data Availability
These results were generated using the Enroll-HD database
(enroll-hd.org), which is funded by CHDI, Inc. This dataset is

made widely available to any interested researcher working at a
recognized research institution through a straightforward
approval process. Researchers requesting this database will be
asked to sign the respective agreements governing access and use
of these resources. Data not provided in the article because of
space limitations may be shared at the request of any qualified
investigator (defined as an investigator with granted access to the
Enroll-HD database) for purposes of replicating procedures and
results.

Study Sample
Of the 8714 individuals included in Enroll-HD dataset #3, we
analyzed baseline data for all participants with a clinical diagnosis
of adult onset motor-manifest HD (n = 4537; mean age:
53.5 years (SD = 12.2 years); 50.6% female). Participants catego-
rized as pre-manifest/pre-motor manifest, genotype negative, or
family controls were excluded from the study. Of those with
motor-manifest HD, participants with age of motor symptom
onset before 21 years were excluded out of concern that early
disease onset would affect educational attainment. Lastly, we
excluded participants with unreported baseline education levels
(see Fig. 1).

Clinical Characteristics and
Outcomes
The following demographic and clinical characteristics were ana-
lyzed: age at baseline, sex, age at HD diagnosis, number of CAG
repeats, education level, and participant-reported age of onset of
motor symptoms, depression, irritability, and cognitive impair-
ment. Duration of disease was calculated as the time between
clinician-determined age at HD diagnosis and age at baseline
visit. Education level was defined using the International Stan-
dard Classification of Education (ISCED) 1997 coding system, an
internationally developed education classification system defining
seven education levels ranging from ISCED levels 0 to 6.16 The
ISCED system definitions vary for each level by country. For
analytical purposes, the ISCED levels were stratified into three
education groups: ISCED 0–2, ISCED 3, and ISCED 4–6. In
relation to US and Canadian ISCED coding definitions, these
three groups correspond to primary and lower secondary educa-
tion (ISCED 0–2), completion of secondary education (ISCED
3), and post-secondary education (ISCED 4–6) (ISCED Level
Mapping for the US and Canadian Education Systems). ISCED
levels were stratified into these three groups for two reasons:
(1) it avoided small group sizes and led to comparably sized
groups and (2) the three groups corresponded to completion of
lower secondary education or below, completion of upper sec-
ondary education, and completion of at least some post-
secondary education, thus making our results more easily
interpretable.

Scores for the following clinical assessments were analyzed:
the Unified Huntington’s Disease Rating Scale (UHDRS),
including the motor scale, total functional capacity, and
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functional assessment; Mini-mental State Exam (MMSE); Sym-
bol Digit Modalities Test (SDMT); verbal fluency; Stroop color
naming; and Stroop word reading. Participant use of vesicular
monoamine transporter 2 (VMAT2) inhibitors and antipsychotics
at the baseline visit was also analyzed.

Statistical Analysis
Data Summarization

Categorical data were summarized by frequencies and percent-
ages, while continuous and integer scaled data were summarized
by the mean and standard deviation (SD) and by the median and
interquartile range (IQR), respectively.

Education Level Bivariate Associations

Bivariate associations between categorical variables (eg sex) and
education level were assessed via a global Pearson Chi-square test
that tested the null hypothesis that there is no bivariate associa-
tion between the categories of the categorical variable
(eg female, male) and the categories of education level

(ie ISCED 0–2, ISCE 3, ISCED 4–6). Inter-education level
pairwise hypothesis testing was conducted via Pearson Chi-
square tests if the global Pearson Chi-square hypothesis test was
rejected at the P ≤ 0.05 significance level. Bivariate associations
between continuous scaled variables (eg age) and education level
were assessed via a global analysis of variance (ANOVA) F-test
that tested the null hypothesis that there is no bivariate associa-
tion between mean of the continuous variable and the education
level. Inter-education level pairwise hypothesis testing was con-
ducted via the t-test if the global hypothesis test was rejected at
the P ≤ 0.05 significance level. Bivariate associations between
integer scale variables (eg UHDRS motor score) and education
level, were assessed by way of a global Kruskal-Wallis test that
tested the null hypothesis that there is no bivariate association
between the median of the integer variable and education level.
Inter-education level pairwise hypothesis testing was conducted
via a Wilcoxon Rank Sum test if the global hypothesis test was
rejected at the P ≤ 0.05 significance level.

Adjusted Education Level Bivariate
Associations

Ordinary least squares (OLS) multivariate linear regression was
utilized to examine CAG repeats adjusted bivariate associations
between education level and the dependent variables of age of
onset of motor symptoms, depression, irritability, and cognitive
impairment and age at HD diagnosis. It is important to note that
ages of onset of other psychiatric symptoms (eg psychosis, apathy)
were not examined because these symptoms occurred in less than
60% of participants. OLS multivariate linear regression was addi-
tionally utilized to examine CAG repeats and age at enrollment
adjusted bivariate associations between education level and the
dependent variables of UHDRS scores, MMSE, SDMT, verbal
fluency, and Stroop assessments. For the UHDRS motor exam
score, we conducted an additional regression analysis that
adjusted for VMAT2 inhibitor and/or antipsychotic use in addi-
tion to CAG repeats and age at enrollment. Given the regional
heterogeneity and wide variation in age of our study population,
cognitive test raw scores were used in these analyses.

For both of the aforementioned sets of OLS linear regression
analyses, a Type III F-test was conducted per regression analysis
(ie per dependent variable) to test the null hypothesis that educa-
tion level is not uniquely associated with the regression depen-
dent variable (eg age of onset of motor symptoms) after
removing for the variance in the “dependent variable” explained
by the adjustment variable(s) (eg CAG repeats). If the Type II F-
test P-value was less than or equal to 0.05, pairwise inter-
education level comparison hypothesis testing was conducted to
compare the adjusted effect that each education level has on the
dependent variable prediction. A P ≤ 0.05 decision rule was used
as the null hypothesis rejection criterion for all pairwise inter-
education level comparisons. To correct for hypothesis testing
across 14 different multiple linear regression models (Table 2),
the Benjamini and Hochberg (BH) false positive discovery error
procedure was applied to the complete set of linear regression

FIG. 1. Flow diagram of enroll-HD participants included in this
study.
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model Type III F-test P-values. This restricted the probability of
falsely rejecting the null hypothesis that there was no unique
education level association to be no greater than 0.05.

Statistical Software

The statistical package Spot-Fire S+ version 8.2 (TIBCO Inc.,
Palo Alto, CA) was used to conduct all of the statistical analyses.

Results
Clinical and demographic information for all participants
included in this study are summarized in Table 1. There were
13 participants in ISCED level 0, 210 participants in ISCED level
1, 892 participants in ISCED level 2, 1491 participants in ISCED
level 3, 765 participants in ISCED level 4, 1079 participants in
ISCED level 5, and 87 participants in ISCED level 6. Based on
the bivariate association hypothesis tests, significant associations
were observed between education level and age at HD diagnosis,
age of onset of depression, irritability, and cognitive impairment,
UHDRS scales, cognitive assessments, and VMAT2 inhibitor
and antipsychotic use at the baseline visit.

Multivariate linear regression analyses findings are summarized in
Table 2. Higher levels of education beyond ISCED 0–2 predicted
earlier onset of motor symptoms, depression, irritability, and cogni-
tive impairment (Models 1–5, Table 2). Higher education level was
also associated with lower UHDRS motor scores, higher UHDRS
total functional capacity and functional assessment scores (Models
6–8, Table 2). Higher education level was also associated with
higher SDMT, MMSE, verbal fluency, and Stroop scores (Models
9–13, Table 2). Application of the BH false discovery procedure
found that for all models, education level was unique predictor of
outcome <0.05. When adjusted for use of medications that reduce
chorea, that is VMAT2 inhibitors and/or antipsychotics, participants
in the highest education group had a 3.99 unit (95% CI: [2.65,
5.33unit]) reduction in UHDRS motor score compared to the low-
est education group (P < 0.001), but the reduction in the UHDRS
motor score for the middle education group; compare to the lowest
education group, was only 0.62 units (95% CI: [−0.78, 2.03 units],
P = 0.385).

There was an association between age of motor symptom
onset and education level when comparing those with motor
symptom onset at ages 21–25 and >25 (P = 0.022). There was
no association between age of motor symptom onset and educa-
tion level when comparing those with motor symptom onset at
ages 25–30 and >30 (P = 0.235). Therefore, we repeated the lin-
ear regression analyses in those with onset of motor symptoms
>25 and found no differences in our results.

Discussion
Our results show that HD participants with higher education
level report earlier onset of participant-reported HD associated

symptoms and have earlier age of HD diagnosis. A prior study
evaluating the effects of education on HD found that motor
symptom onset occurred earlier in HD patients with greater than
10 years of education.14 Our results extend these findings, as we
showed that those with greater education not only have earlier
age of onset of motor symptoms, but also of depression, irritabil-
ity, and subjective cognitive impairment. We suspect that these
findings may be explained by increased self-awareness and/or
insight and thus earlier recognition of mood, motor symptoms,
irritability, and cognitive symptoms in more highly educated
individuals. In the same way, earlier age of diagnosis in HD par-
ticipants with higher education levels may arise from earlier rec-
ognition of symptoms and earlier evaluation by health care
providers.

After adjusting for age and number of CAG repeats, we found
that HD participants with higher education levels had lower
motor exam scores and higher scores on functional assessments.
This finding is consistent with a prior study which suggested a
protective effect of education on the manifestations of HD.14

Greater education was associated with less disease-related motor
impairment as measured by the UHDRS, even when controlling
for use of medications that can suppress chorea. We expected
that individuals with higher education would have greater access
to medical care and therefore be more likely to be receive medi-
cations for their symptoms. Unfortunately, socioeconomic status
(SES) data is not available within the Enroll-HD registry and this
is a limitation of our study. As a proxy for SES, differences in
pharmacological treatment of chorea was compared across the
three education groups under the assumption that participants in
higher education levels would have better healthcare access and
would subsequently be more likely to be treated pharmacologi-
cally for their chorea. Our results show that participants with
lower education experience a higher severity of motor symptoms
at baseline and are more likely to receive treatments that suppress
chorea compared to participants with higher levels of education.
This could suggest that healthcare access is not a significant factor
influencing baseline motor symptoms, although this cannot be
concluded with confidence given that this is an indirect measure
of healthcare access.

Interestingly, and somewhat counter-intuitively, lower motor
scores and better functional status were present in those with a
higher level of education despite an earlier age of onset of motor,
cognitive, and mood symptoms. One explanation for these find-
ings is that earlier recognition and diagnosis in HD patients with
higher level of education is associated with being less symptom-
atic at the time of evaluation compared to the lower education
group. Another explanation is that educational attainment exerts
a protective effect on HD progression. Even after adjusting for
age and CAG repeats, greater educational attainment was associ-
ated with milder motor symptoms and overall better functional
status.

Better performance on measures of functional capacity in HD
patients with higher level of education may be explained by
greater cognitive reserve.6–9 Greater cognitive reserve in those
with greater education is supported by this group having better
performance on all cognitive tasks independent of age of
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enrollment and CAG repeats. A neuroprotective effect from
education in HD is supported by a previous study which found
that lower educational attainment was associated with increased
risk of manifesting HD in those with intermediate CAG repeat
alleles (36–39).17 We cannot exclude the possibility that factors
other than cognitive reserve could be contributing to the lower
UHDRS motor scores and better functional status in participants
with higher education. Educational attainment correlates with
overall health,18 and this may influence motor symptoms, cogni-
tion, and functional status.

One strength of this study is the inclusion of a very large and
multinational cohort of manifesting HD patients. Our finding
that participants in the lowest education group had more severe
motor symptoms, despite being more likely to be treated with
medications that can suppress chorea, further supports the idea
that greater cognitive reserve is associated with less motor impair-
ment in HD. Compared to the prior study,14 our study included
neurocognitive assessments that further support superior cogni-
tive abilities in more highly educated individuals. In our study,
we also addressed the possibility of reverse causality, that is, a
greater number of CAG repeats in the mutated HTT allele may
influence educational attainment. In support of this, we found a
difference in educational attainment in those with motor symp-
tom onset between 21–25 compared to those with motor symp-
tom onset >25, but we did not find a difference in educational
attainment in those with motor symptom onset between 25 and
30 compared to those with motor symptom onset >30. Consid-
ering that premotor manifestations of HD may have affected
educational attainment in those with motor symptom onset
between 21 and 25, we repeated analyses in those with motor
symptom onset >25 and our findings were the same. A limita-
tion of this study is the way in which educational level was
defined. Educational systems vary by country and are therefore
difficult to compare. ISCED coding is one way to standardize
educational attainment, but it is not perfect given the heteroge-
neity of educational systems worldwide. The Enroll-HD database
ascertains individuals from multiple sites internationally, although
sites are predominantly located in North America and Europe.
Another limitation of the study is that it is cross-sectional and
relies on participant-reported outcomes. As the Enroll-HD study
matures, it will offer the opportunity to expand on the current
findings by allowing longitudinal analyses in premanifest HD
participants.

In conclusion, HD participants with higher education levels
have earlier age of diagnosis and age of symptom onset, but they
have lower motor exam scores and higher scores on functional
assessments. Earlier recognition of symptom onset in more highly
educated populations may explain earlier symptom onset and
diagnosis, while better performance on motor and functional
assessments may be explained by higher cognitive reserve in
those with greater education. Treatment implications of this
study include supporting pursuit of education as a way to reduce
severity of motor and functional impairment associated with HD
as has been proposed for Alzheimer’s disease.10,11 Our study also
supports using educational attainment as a key factor in inter-
preting outcomes of clinical trials, specifically age at diagnosis,

motor impairment as measured by UHDRS, and functional
assessments. Future research should evaluate how educational
attainment affects progression of disease-relevant outcomes
over time.
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