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ABSTRACT: Background: Antidopaminergic medica-
tions (ADM) are often used for symptom management of
Huntington’s disease (HD). Evidence from past research
suggests that ADMs are associated with worse clinical
outcomes in HD, but their impact on various domains
remains underexplored.
Objective: We used causal inference analysis to under-
stand the impact of ADM use on measures of clinical
progression in HD across multiple domains over 2 years.
Methods: We used the Enroll-HD database with a new-
user design, which compared a cohort that initiated ADM
use after the first visit with an unexposed cohort that
remained off ADMs. To control for 27 covariates, we
used a doubly robust targeted maximum likelihood esti-
mation and conducted two analyses. First, we analyzed
ADM treatment 2 years post-baseline and separately for
12 outcome measures. Second, we examined the asso-
ciation of ADM dose with measures of clinical outcomes.
Results: The ADM-exposed group exhibited faster
change in measures of clinical outcome compared with
the off-ADM group, which was statistically reliable in

cognitive and functional outcome measures, and the
composite Unified Huntington’s Disease Rating Scale
(cUHDRS). Motor domain analyses showed faster
change in bradykinesia in the ADM-exposed group ver-
sus off-ADM but no difference in chorea or total motor
score (TMS). Higher ADM doses also showed greater dif-
ferences compared to the off-ADM group.
Conclusions: ADM use was associated with more rapid
change in clinical measures, particularly in cognitive and
functional domains. However, assumptions required to
establish causation between ADM use and disease pro-
gression may not have been fully met, and further
research is warranted. © 2025 The Author(s). Movement
Disorders published by Wiley Periodicals LLC on behalf
of International Parkinson and Movement Disorder
Society.
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In Huntington’s disease (HD), antidopaminergic medi-
cations (ADM) are often used for symptomatic treatment
of chorea and behavioral disturbances. These medications
consist of first- and second-generation antipsychotics and
vesicular monoamine transporter 2 (VMAT2) inhibitors.
These medications carry dose-dependent risks for serious

side effects that affect cognition, motor function, and
overall quality of life.
Importantly, ADMs provide only palliative treatment

without affecting disease progression, and the risk–
benefit of off-label antipsychotics in HD remains con-
troversial.1–4 Well-documented common side effects of
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ADMs include sedation, impaired cognition, somno-
lence, depression, apathy, and suicidality as well as
extrapyramidal side effects (EPSE).5–11 It is well
established that the concomitant use of VMAT2 inhibi-
tors, multiple antipsychotics, or medications that inhibit
ADM metabolism (eg, CYP2D6) increases the risk and
severity of ADM side effects.
Strong evidence from large prospective HD studies in

Europe and the United States consistently shows ADM
use is associated with worsening measures of cognition
and functional capacity. For example, data from the
European REGISTRY cohort showed that patients
treated with ADMs (n = 320) experienced accelerated
functional decline compared to patients not taking
ADMs (n = 331), measured using total functional
capacity (TFC), Functional Assessment (FA), and Inde-
pendence Scale (IS).6 In agreement, a recent longitudi-
nal observational study from the Enroll-HD dataset
demonstrated that propensity-matched patients, for
example, for disease stage, prescribed ADMs (n = 466)
exhibited a more rapid decline in measures of function
and cognition compared to those not using ADMs
(n = 466). Moreover, patients demonstrated increased
worsening measures of cognitive symptoms after initiat-
ing ADMs, such as Stroop Word Reading (SWR) and
Symbol Digit Modalities Test compared to the period
before ADM initiation.5

In a pivotal, double-blind, placebo-controlled trial of
tetrabenazine, and the open-label follow-up study,
though chorea improved, tetrabenazine treatment led to
worse measures of functional and cognitive outcomes
(composite Unified Huntington’s Disease Rating
Scale-Functional Assessment [UHDRS-FA]).12,13 Inter-
estingly, modern machine learning applied to the
Enroll-HD dataset confirmed that antipsychotic and
VMAT2 inhibitor use independently predicted worsen-
ing of clinical variables: cUHDRS, TFC, Symbol Digit
Modalities Test (SDMT), and SWR.14 The study evalu-
ated 102 baseline variables to predict annual HD
progression.
The cUHDRS, which integrates motor, cognitive,

and functional domains, is one of the most powerful and
sensitive outcome measures in HD clinical trials.15 How-
ever, most studies have focused on ADMs’ impact on
motor signs and either function or cognition,5,6 without
assessing ADM impact across multiple domains, simulta-
neously. Taken together, it remains unclear whether
ADMs negatively influence the underlying biology of
HD progression, confound clinical outcome measures, or
perform both.
In this study, we performed a causal analysis, emulat-

ing a randomized controlled trial (RCT) using the most
recent Enroll-HD dataset,16 the largest observational
study of HD, to assess the impact of antipsychotics
and VMAT2 inhibitors on motor, cognitive, and func-
tional outcomes. Here we assessed the impact of

antipsychotics and VMAT2 inhibitors, combined and
separately, and examined their dose-dependent associa-
tion with multiple outcome domains. To evaluate if the
association between ADMs and clinical progression is
restricted to this class of medications, we similarly eval-
uated the association between antidepressants use (ie,
selective serotonin reuptake inhibitors [SSRI]) and clini-
cal HD progression. Our analysis focused on a treat-
ment population comparable to those in recent pivotal
clinical trials with a 2-year follow-up. Our main find-
ings show that ADM use was strongly associated with
a more rapid decline in clinical outcome measures of
HD, particularly in cognitive and functional domains.
Although the assumptions necessary to establish a
causal relationship between ADM use and disease
progression may not have been fully met, these results
provide a strong rationale for further investigation.

Patients and Methods
Participants

Participants were from the Enroll-HD study, Periodic
Data Set 6 (PDS6), downloaded December 2022.16 The
initial database was filtered as follows: the first filter
was to select HTT gene-expanded participants with
CAG ≥ 36. The database was further filtered for “early
manifest” criteria that were similar to those used in
recent pivotal clinical trials (GenerationHD1 and
PROOF-HD).17 Inclusion criteria were age ≥ 25,
UHDRS Diagnostic Confidence Level= 4, TFC ≥ 7, IS
≤ 90, and total motor score (TMS) ≥ 20. By definition,
participants on more than one medication could qualify
only for the ADM group, and the sample size varied
slightly by outcome. A dosage group analysis was con-
ducted with sample sizes reported here.
The final analyzed dataset included 1173 partici-

pants for the combined analysis of antipsychotic and
VMAT2 inhibitors (n = 380 exposed/793 unexposed).
The same unexposed groups were used throughout
(see CONSORT-like flowchart in Fig. S1). The
antipsychotic-only analysis included 1060 participants
(267 exposed, 793 unexposed), whereas the VMAT2
inhibitor-only analysis had 915 participants (122 exposed,
793 unexposed).
To emulate an RCT, a new-user design that requi-

red three contiguous annual visits was adopted
(Fig. 1A).18,19 There were two comparator arms: on-
and off-ADMs. Similar to an RCT, the on-ADM partic-
ipants were required to be off ADM medications for
the first visit (designated as “baseline”) and then on-
ADMs for all follow-up visits—note that researchers
did not control the time of the first visit or when ADM
treatment started. Off-ADM participants had to be
ADM naive during all visits, with no exposure within
or beyond the analysis window.
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Clinical Outcome Measures
We separately analyzed 12 clinical outcome measures,

all from the UHDRS.20 This included the TFC, SDMT,
SWR, TMS, and cUHDRS, which is a weighted combi-
nation of the TFC, SDMT, SWR, and TMS.15 Subscales
of the TMS were also analyzed, including chorea
(7 items), gait balance (3 items), hand movement
(5 items), bradykinesia scale (11 items), rigidity (2 items),
dystonia (5 items), and oculomotor function
(6 items).21,22 For TFC, SDMT, SWR, and cUHDRS,
lower scores indicate greater progression. Conversely,
for TMS and all the motor subscales, larger values indi-
cate greater progression. (Note that within the cUHDRS,
the TMS is negatively weighted.) Importantly, for clarity,
although TMS is part of the cUHDRS, we refer to TFC,
SDMT, SWR, and cUHDRS as “nonmotor” and the
TMS and motor subscales as “motor” variables.

Statistical Modeling and Causal Analysis
We conducted a causal analysis, accounting for

27 baseline covariates, focusing on exposure and out-
come variables (Fig. 1B). Our analysis employed the
targeted maximum likelihood estimation (TMLE), a
semiparametric method that adjusts for covariates in
both exposure (on/off medication) and outcome.23 This
approach shares similarities with propensity score
weighting and g-computation.24 For initial predictions,
ensemble machine learning reduces bias by handling
nonlinear relationships, whereas TMLE’s double covari-
ate adjustment minimizes model misspecification and
yields smaller variances than methods like propensity
score matching or inverse probability weighting.25,26

TMLE estimates can be interpreted as causal effects with
observational data when certain assumptions hold.27 We
performed two analyses using TMLE. First, we estimated
the average treatment effect (ATE) for the on-ADM ver-
sus off-ADM groups at 2 years, separately analyzing
12 outcomes using the same set of baseline covariates

and exposure (on- vs. off-ADM). Second, we assessed
the ATE for low and high doses of medication groupings
using the same methodology as in the first analysis.
In the first analysis, the ATE was defined as the coun-

terfactual mean difference between the on-ADM and the
off-ADM groups at 2 years (adjusting for covariates).28

The 12 outcomes were analyzed separately, with the
same set of baseline covariates and the same exposure
(on/off ADM). For the nonmotor variables, that is, TFC,
SDMT, SWR, and cUHDRS, a negative value of ATE
indicates the on-ADM group is worse than the off-ADM
group. For the motor variables, that is, TMS and other
motor subscales, a positive value of ATE indicates the
exposed group is worse than the unexposed group.
The exposure variable was binary: 0 = off-ADM

(unexposed), 1 = on-ADM (exposed). Exposed or on-
ADM was defined as participants taking any antipsy-
chotic and/or VMAT2 inhibitor (ie, tetrabenazine or
deutetrabenazine). Antipsychotics were further catego-
rized into two subgroups based on their pharmacology
and side-effect profiles: old and new antipsychotics.
These antipsychotic drug classifications are based on the
potency of these drugs for D2 receptor antagonism. For
example, older antipsychotics, such as olanzapine and
risperidone, are characterized by their high D2 receptor
affinity and strong antagonism, often associated with a
greater risk of EPSEs due to prolonged D2 receptor
occupancy.29,30 On the contrary, newer antipsychotics,
including aripiprazole and quetiapine,31,32 either have
lower D2 receptor affinity or act as partial agonists (eg,
aripiprazole), reducing the likelihood of EPS by provid-
ing more balanced dopamine activity.30,33 Ancillary
analysis of the subgroups is presented in the Supporting
Information. Eleven antipsychotics were considered in
the study (and including 2 VMAT2 inhibitors and
13 antidepressants, this totaled 26 medications). A full
list of drugs for the exposed group is presented in
Table S1. The most common medications for the
exposed group were olanzapine (34%), tetrabenazine

FIG. 1. Study design and causal analysis framework. (A) The new-user design in which both groups are off ADM (antidopaminergic medication) at base-
line. The exposure group participants are on ADMs beginning sometime after baseline (not under researcher control). (B) The causal diagram for the
analysis. The exposure mechanism is adjusted for the observed covariates (C-to-A arrow) and so is the outcome mechanism (C-to-Y arrow). [Color fig-
ure can be viewed at wileyonlinelibrary.com]
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(30%), risperidone (20%), citalopram (13%), and
mirtazapine (13%). The other ADMs were used by less
than 9% of the participants. Overall, 44% were on one
ADM, 39% on two ADMs, 14% on three ADMs, and
3% on four ADMs.
For each outcome analysis, there were 27 baseline

covariates that indexed demographic, progression, and
behavioral domains for which the on/off ADM groups
might differ. The covariates included the 12 baseline
UHDRS variables, such as the baseline score of the out-
come variable assessed at 2 years (within a �6-month
window), as well as age, CAG repeat expansion,
CAP100,

34,35 sex, geographical region (coded as three
dummy variables), age at motor onset, presence of a com-
panion at the visit, and domain scores from the Problem
Behavior Assessment-Short Form (PBA-s) for depression,
irritability/aggression, psychosis, apathy, and executive
function35 (Table S7). Inference was based on the TMLE
point estimate of the ATE and the 99% confidence inter-
val (CI) (Table S8). When a CI did not contain 0, this
was considered a statistically reliable result, indicating the
means differed among the groups at 2 years. Per rec-
ommended practice,36 each outcome was initially mapped
to a [0,1] scale, and the resulting estimates of the ATE
and the CIs were back transformed to the original metric.
In the second analysis, we estimated the ATE for dose

groups of combinations of medications. Low- and high-
dose groups were defined for each ADM medication
based on labeling and expert knowledge29,33,37–41

(Table S2). To maximize the sample size, combined dose
groups were formed by aggregating the groups among
certain medications. We formed five medication groups:
(1) all ADMs, (2) antipsychotics (aripiprazole,
olanzapine, quetiapine, risperidone, and tiapride),
(3) newer antipsychotics (aripiprazole, quetiapine, and
tiapride), (4) older antipsychotics (olanzapine and risper-
idone), and (5) VMAT2 inhibitors (deutetrabenizine and
tetrabenazine). The exposed group sample size varied by
medication class and outcome variable (see Table S4 and
S5), but the largest was for ADM/TFC that had 163
high doses and 148 low doses. The same unexposed off-
ADM group (N¼793) from the first analysis was used,
as was TMLE and the same set of covariates. Each dose
group was compared to the unexposed group constitut-
ing a set of two ATEs for each medication group: low
versus unexposed and high versus unexposed.
The ensemble machine learning of TMLE used the gen-

eral linear model, regularized regression, generalized addi-
tive models, Bayesian additive regression trees, and
extreme gradient boosting (also see Supporting Informa-
tion). The software packages of TMLE and SuperLearner
were used in the R language for statistical comput-
ing.25,42 Missing data with TMLE were handled by
complete-case analysis (or list-wise deletion). Recent
simulation results indicate that this approach can have
very small bias unless the underlying causal model is

complex (eg, if the outcome influences missingness in
the predictor variables).43 Both groups had similar pro-
files for the dropouts on key variables, such as
cUHDRS, TFC, SWR/SDMT, TMS, and different PBA
domains.

Results
Baseline Characteristics of Exposed and

Unexposed Groups
Table 1 presents the unadjusted baseline descriptive sta-

tistics for the off-ADM group (unexposed, n = 793) and
on-ADM group (exposed, n = 380). The last column (Z)
lists the standardized mean difference. The largest Z
difference was for chorea followed by TMS, with the
exposed group having a larger mean in both instances.
The exposed group also had a larger mean on all the
PBA subscales, most pronounced for irritability/aggres-
sion, depression, and executive functioning (also see
Table S7). CAP100 was also slightly larger for the
exposed group. In addition, the exposed group had a
slightly smaller mean for the cUHDRS, TFC, and cogni-
tive variables (ie, worse on these variables relative to
the unexposed group). Additional information regard-
ing the importance of the covariates in the propensity
score portion of the TMLE analysis and success of
baseline balancing is presented in Figure S7 and
Table S7.

Analysis 1: ADM Use and Clinical Change over
2 Years

The results of the first analysis are shown in Figure 2
(and Table S3), showing the ATE for each outcome, com-
paring the exposed (on-ADM) and unexposed (off-ADM)
groups (box plots of key variables are shown in Fig. S2,
and longitudinal trajectories are shown in Figs. S8 and
S9). These graphs show the point estimate (vertical bar)
of the ATE and the associated 99% CI. Faceting is by the
class of ADM defining the exposure. A CI is colored
black if it contains 0 (the 2-year mean difference is not
statistically reliable) and red if it does not (the mean dif-
ference is statistically reliable). Additionally, to further
evaluate the adjustment achieved by TMLE relative to a
naive analysis, we compared the adjusted ATE estimates
(see Figs. S6 and S7). Figure 2A shows the estimates for
the nonmotor variables (a negative value indicates a
smaller exposed group mean; cUHDRS, SDMT, SWR,
and TFC). Here the on-ADM group exhibited signifi-
cantly lower mean outcomes at 2 years compared to the
off-ADM group across medication classes, except for
cUHDRS in the VMAT2 group, which was not signifi-
cant. Motor estimates (positive values) revealed consis-
tently higher bradykinesia means in the exposed group
for both ADM and antipsychotic medications (Fig. 2B),
as well as larger means for gait balance and hand
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movement. No significant motor differences were
observed in the VMAT2 group.

Analysis 2: ADM Dosage Effects on Clinical
Change

We performed a second analysis to investigate the dose-
dependent effects of ADM use and variable changes in

clinical measures of HD (Fig. 3). As mentioned earlier, the
on-ADM group was split into high- and low-dose sub-
groups, each compared to the unexposed, off-ADM
group. Negative values in the on-ADM group for non-
motor variables indicate smaller means (Fig. 3A). In most
cases, the high-dose on-ADM group exhibited smaller
clinical outcome means than the off-ADM group, though
some differences were not statistically significant.

TABLE 1 Baseline descriptive statistics on key variables for the off-ADM group (n = 793) (left) and the on-ADM group (n = 380) (right)

Off-ADM On-ADM

Variable Mean SD Minimum Md Maximum Mean SD Minimum Md Maximum Z*

Age 54.1 12.2 25.3 54.4 86.1 53.8 12.3 27.1 53.9 85.1 �0.03

CAG length 43.6 3.6 36.0 43.0 65.0 43.9 3.3 39.0 43.0 58.0 0.08

CAP100 108.0 13.6 59.4 108.0 162.5 109.9 12.7 67.9 110.4 152.6 0.15

Female 0.6 0.5 0.0 1.0 1.0 0.5 0.5 0.0 1.0 1.0 �0.07

Age at first motor signs 47.8 12.1 13.0 48.5 80.0 46.7 11.7 17.0 48.0 73.0 �0.09

Accompanied to visit 0.7 0.5 0.0 1.0 1.0 0.7 0.4 0.0 1.0 1.0 0.10

Region: Europe 0.7 0.4 0.0 1.0 1.0 0.7 0.5 0.0 1.0 1.0 �0.17

Region: North America 0.2 0.4 0.0 0.0 1.0 0.3 0.5 0.0 0.0 1.0 0.13

Region: Austrasia 0.0 0.1 0.0 0.0 1.0 0.0 0.2 0.0 0.0 1.0 0.10

Region: Latin America 0.0 0.1 0.0 0.0 1.0 0.0 0.1 0.0 0.0 1.0 0.04

PBA: depression 4.8 5.9 0.0 3.0 44.0 6.0 6.6 0.0 4.0 41.0 0.19

PBA: irritability/
aggression

2.7 4.0 0.0 1.0 32.0 4.1 5.7 0.0 2.0 32.0 0.26

PBA: psychosis 0.2 1.5 0.0 0.0 24.0 0.2 1.4 0.0 0.0 16.0 0.01

PBA: apathy 2.6 3.5 0.0 1.0 16.0 3.0 3.8 0.0 1.0 16.0 0.11

PBA: executive
functioning

2.6 4.4 0.0 0.0 32.0 3.5 5.2 0.0 1.0 32.0 0.19

SDMT 23.6 9.3 0.0 22.0 63.0 22.5 8.7 0.0 21.0 51.0 �0.12

SWR 58.5 17.5 0.0 58.0 120.0 57.2 16.8 0.0 56.0 121.0 �0.07

TFC 9.5 1.7 7.0 9.0 13.0 9.1 1.6 7.0 9.0 13.0 �0.25

cUHDRS 8.3 2.4 0.8 8.3 15.5 7.7 2.2 1.9 7.7 13.4 �0.28

Motor: TMS 35.4 11.4 20.0 33.0 93.0 39.3 11.7 20.0 38.0 91.0 0.34

Motor: chorea 9.3 4.3 0.0 9.0 26.0 11.4 4.6 0.0 11.0 27.0 0.47

Motor: gait balance 3.5 1.8 0.0 3.0 12.0 3.8 1.9 0.0 4.0 12.0 0.14

Motor: hand movement 7.6 3.0 0.0 7.0 18.0 7.8 3.0 0.0 7.5 17.0 0.06

Motor: bradykinesia item 1.3 0.9 0.0 1.0 4.0 1.3 0.9 0.0 1.0 4.0 �0.03

Motor: bradykinesia scale 14.1 5.2 1.0 13.5 31.0 14.7 5.1 2.0 14.0 32.0 0.11

Motor: rigidity 1.4 1.4 0.0 1.0 7.0 1.2 1.3 0.0 1.0 6.0 �0.12

Motor: dystonia 2.7 3.1 0.0 2.0 20.0 3.2 3.3 0.0 2.0 17.0 0.16

Motor: oculomotor 8.0 3.9 0.0 7.0 24.0 8.8 4.1 0.0 8.0 23.0 0.21

*Standardized group mean difference based on the pooled standard error.
aAbbreviations: ADM, antidopaminergic medication; SD, standard deviation; Md, median; PBA, Problem Behavior Assessment; SDMT, Symbol Digit Modalities Test; SWR,
Stroop Word Reading; TFC, total functional capacity; cUHDRS, composite Unified Huntington’s Disease Rating Scale; TMS, total motor score.
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Specifically, high-dose groups for all ADMs and anti-
psychotics exhibited consistently smaller mean clinical
outcomes for cUHDRS, SDMT, and SWR compared to
the off-ADM group. For TFC, the lower-dose group’s
CI excluded 0 due to lower variability, not greater
mean difference. For antipsychotics, the high-dose
on-ADM group had reliably smaller means for SWR
and TFC than the off-ADM group. For VMAT2 inhibi-
tors, significant differences appeared only in SWR,
whereas SDMT differed at both high and low doses
between groups.
Figure 3B shows the results for motor variable out-

comes, where positive values indicate larger means in
the on-ADM group (Fig. 3B). Across all ADMs, anti-
psychotics, and VMAT2 inhibitors, most CIs showed
no reliable differences between the high- or low-dose
on-ADM groups and the off-ADM group. Exceptions
included significant differences in TMS and dystonia
for the VMAT2 inhibitor group, and hand movement
in both antipsychotic- (high dose) and VMAT2
inhibitor-only groups (low dose). These results were
corroborated using another analysis in which dose was
treated as a continuous covariate (not defining any

specific cutoff for lower/higher dose per drug). Higher
doses were associated with increased worsening in clini-
cal measures of cognition (SDMT and SWR) and in
cUHDRS, which were statistically reliable. No statisti-
cally reliable dose effect was observed for the TFC,
TMS, or motor subscores (Figs. S2 and S5). To assess
the impact of antidepressant use, we similarly analyzed
outcomes using antidepressants, for example, SSRIs.
Here, no differences were found in any outcomes
(cUHDRS, SDMT, SWR, TFC, TMS) between partici-
pants on antidepressants and those who were not
(Fig. S3; Table S6).

Discussion

Our main findings support and extend previous
observations that suggest that ADM use is associated
with worsening outcome measures commonly studied
in HD.5,6 For the on-ADM group, there was worsening
of outcome measures for cognitive performance, func-
tion, and the cUHDRS after 2 years. Our results for
motor variable measures were mixed, with worsening

FIG. 2. TMLE (targeted maximum likelihood estimation) results by medication class. (A) The estimated average treatment effect (vertical bar) and 99%
CI (confidence interval) for the nonmotor variables; a negative value indicates the exposed group had a smaller mean than the unexposed group at
2 years. (B) The results for the motor variables; a positive value indicates the exposed group had a larger mean than the unexposed group. A CI is black
if it contains 0 (no mean difference) and red if it does not contain 0. [Color figure can be viewed at wileyonlinelibrary.com]
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in outcomes measures for bradykinesia but not for cho-
rea or TMS. In our dosage study, participants receiving
high-dose ADMs exhibited a statistically reliable differ-
ence in worsening measures of clinical progression rela-
tive to the off-ADM group. The results for motor signs
were more complex, underscoring a need to examine
subdomains. In agreement with previous reports,6 we
observed worsening for bradykinesia but not for oculo-
motor outcomes.
The biological effects of ADMs in the central nervous

system still require investigation. Although VMAT2
inhibitors like tetrabenazine and deutetrabenazine are
approved for treating chorea in HD, regulatory labels
warn of risks, including cognitive decline, reduced alert-
ness, mood changes, and decreased functional capacity.
The use of VMAT2 inhibitors may also contribute to
sedation and other dose-dependent side effects that can

confound the interpretation of clinical variable change in
clinical care settings.12 Only one short-term, 12-week-
long, placebo-controlled study has shown that ADM use
was associated with worsening cognition and function in
HD patients, that is, tetrabenazine.12 As such, most evi-
dence linking ADM use to clinical change comes from
observational, natural history studies rather than
extended RCTs, which precludes establishing a definitive
causal relationship. A clearer understanding of ADM’s
impact on cognitive, motor, and functional outcomes
would improve clinical decisions and trial designs for
HD treatments. In the present study, we performed a
series of analyses to investigate a potential causal rela-
tionship between ADM use and increased progression in
HD clinical measures.
We employed a new-user design and adjusted for a

large number of baseline covariates using state-of-the-

FIG. 3. Dose group results by ADM (antidopaminergic medication) class. (A) The estimated average treatment effect (vertical bar) and 99% CI (confidence inter-
val) for the nonmotor variables for low- and high-dose exposure groups; a negative value indicates the exposed group had a smaller mean (ie, was worse) than
the unexposed group at 2 years. (B) The results for the motor variables; positive values indicate the exposed group had a larger mean (ie, was worse) than the
unexposed group. A CI is black if it contains 0 (no difference) and red if it does not contain 0. [Color figure can be viewed at wileyonlinelibrary.com]
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art statistical methods for causal analysis. The analyti-
cal platform captures baseline characteristics before the
initiation of ADM use which helps control for possible
confounding factors, that is, disease severity, prior med-
ication use, psychiatric comorbidities, age, sex, and
genetic predispositions, ensuring a more accurate esti-
mation of treatment effects.
A limitation of our study is the lack of precision in par-

ticipants’ medical history on prior ADM use, hindering
our ability to confidently determine causality. Certainly
for these individuals, the baseline visit may have acted as
a brief wash-out period, but “exposure during the first
follow-up” would not represent a true first-time ADM
use. In this respect, the on-ADM group may have been
qualitatively different from the off-ADM group, in regard
to outcome measures prior to or at baseline. Quantitative
initial differences were also present at baseline—the on-
ADM group had a more progressed profile (Table 1).
Baseline differences may have influenced our results, as
patients who are more progressed at baseline tend to
experience slower rates of decline in TFC as the disease
advances,21 potentially masking functional changes over
time. Our analyses successfully adjusted for these baseline
differences (Fig. S6), but this may have been an inade-
quate approximation to random assignment of exposure.
Statistical adjustment for confounders is necessary with
exposure groups that are not randomly assigned.27

Although the doubly robust procedure has several advan-
tages, causal conclusions from its application require no
omitted confounders (among other assumptions). We
accounted for 27 baseline covariates, but it was not
exhaustive, and likely missed relevant confounders neces-
sary to equate the groups. It is also possible that the esti-
mated exposure effect size in our analysis may not be
sufficient to translate into clinically meaningful differ-
ences.44 Finally, a determination of causation between
ADM use and HD clinical progression was limited due to
an inconsistent definition of exposure among
participants—ADM dose varied within the low-/high-
dose groups, and duration of use after baseline was not
controlled. Nonetheless, our study shows that (1) HD
participants using ADMs exhibited statistically reliable
worsening of clinical measures after adjusting for a large
number of baseline covariates, and that (2) high ADM
dosing was associated with worsening of clinical mea-
sures compared to low ADM doses. Of course, due to
the limitations of our analytical assumptions, our results
should not be used to inform reconsideration of the cur-
rent standard of care. Antipsychotics remain important
tools for managing HD symptoms, and this study’s data
should not guide clinical practice.
Our study does raise the question of whether there is a

direct biological impact of ADMs on HD severity and
progression. Although not part of the main study, the
antidepressant results revealed no reliable differences
among any of the outcome measures for those

participants only on antidepressants (though the sample
size was smaller, the point estimates were closest to 0;
see Fig. S4). Although there are differences in the reasons
for prescribing an ADM versus an antidepressant, it
seems that general medication exposure (for any reason)
does not account for faster clinical change in our results.
Thus, our study findings suggest that ADMs may exert a
pronounced and specific influence on clinical measure-
ment of HD progression rate compared to other types of
medications. ADMs help control chorea by modulating
dopaminergic signaling, but they may also negatively
impact neuronal function. Chronic dopamine inhibition,
for example, may lead to compensatory changes in other
neurotransmitter systems or exacerbate neuronal dys-
function, especially in HD-vulnerable regions like the
striatum.30,45 However, it is not clear whether the wors-
ening of clinical measures associated with ADM use is
permanent. Here, an RCT involving the withdrawal of
ADMs would be necessary to observe if improvements
or stabilization occurs after ADM washout. High-dose
antipsychotics carry increasing risks of cognitive and
functional impairments due to dopamine D2 receptor
antagonism. Prolonged blockade can worsen motor
symptoms and lead to EPSEs, which is common in
HD.30 The deterioration of motor function, particularly
through prolonged D2 receptor antagonism, raises sig-
nificant concerns, potentially reflecting more severe neu-
rodegeneration and necessitating more aggressive clinical
intervention. Second-generation antipsychotics, for
example, aripiprazole32, could potentially have
proapoptotic effect in nonneuronal cells such as breast
cancer cell lines, increasing proapoptotic markers,
including CASP3 and BCL10.46 Both haloperidol and
olanzapine have also been shown to increase messenger
RNA levels of CASP3.47 In this context, clinicians could
consider second-generation antipsychotics, but with care-
ful evaluation of dosage, including reduction or
tapering—as indicated by regulatory-approved labeling.
In conclusion, our study provides further evidence

that ADM use is strongly associated with worsening in
clinical measures of HD progression. Although we used
a novel naturalistic study design and rigorous statistical
methods appropriate for causal inference, limitations
remain, and our methods cannot substitute for true
physical balanced randomization of patients regarding
the use of ADMs at baseline. Our results also strongly
suggest that ADMs may have a powerful influence on
the rate of change of HD clinical measures; and there-
fore, future clinical trials should ensure balanced ran-
domization of patients regarding ADM use at baseline
or include a statistical plan that evaluates outcomes
both with and without ADMs.
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