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Background
Huntington’s disease (HD) is a neurodegenerative disease 
caused by the expansion of the cytosine-adenine-guanine 
(CAG) repeat in exon 1 of the huntingtin gene, resulting 
in the expression of mutant huntingtin (mHtt) contain-
ing extended polyglutamine [1–3]. The earliest and most 
pronounced brain change is striatal atrophy [4, 5]. HD is 
mainly characterized by cognitive, behavioral and motor 
deficits and the disease gradually worsens over time. The 
length of repeated expansion of CAG could account for 
approximately 50–70% variation of age at onset (AAO) of 
HD, and the remaining variations are explained by other 
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Abstract
Background  Associations between blood pressure (BP) with age at onset of Huntington’s disease (HD) have reported 
inconsistent findings. We used Mendelian randomization (MR) to assess effects of BP and lowering systolic BP (SBP) via 
the genes encoding targets of antihypertensive drugs on age at onset of HD.

Methods  Genetic variants from genome-wide association studies(GWAS) of BP traits and BP-lowering variants in 
genes encoding antihypertensive drugs targets were extracted. Summary statistics for age at onset of HD were 
retrieved from the GWAS meta-analysis of HD residual age at onset from the GEM-HD Consortium included 9064 
HD patients of European ancestry (4417 males and 4,647 females). MR estimates were calculated using the inverse 
variance weighted method, supplemented by MR-Egger, weighted median, and MR-PRESSO methods.

Results  Genetically predicted SBP or diastolic BP increase was associated with a later age at onset of HD. However, 
after SBP/DBP was present as a covariate using multivariable MR method, no significant causal association was 
suggested. A 10-mm Hg reduction in SBP through variants in genes encoding targets of calcium channel blockers 
(CCB) was associated with an earlier age at onset of HD (β=-0.220 years, 95% CI =-0.337 to -0.102, P = 2.42 × 10− 4). We 
did not find a causal association between angiotensin converting enzyme inhibitors and β-blockers with the earlier 
HD onset. No heterogeneity and horizontal pleiotropy were identified.

Conclusions  This MR analysis provided evidence that genetically determined SBP lowering through antihypertensive 
drugs might be associated with an earlier age at onset of HD. The results may have a potential impact on 
management of hypertension in the pre-motor-manifest HD population.
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genetic modifiers and environmental factors [6–9]. Con-
sidering that HD is a fatal disease with no effective treat-
ment currently, it is important to identify interventions 
that can delay the age at onset of HD.

Hypertension is an important risk factor for cardiovas-
cular events, and is one of the largest contributors to the 
global burden of diseases [10]. The persistence of hyper-
tension and cardiovascular disease can negatively affect 
the structure and function of the brain [11–13]. There 
were relatively several studies on the effect of blood pres-
sure on age at onset of HD, and the results were incon-
sistent. Valcárcel et al. [14] suggested that in the most 
common range of CAG expansion (the length of 40–44), 
HD patients with hypertension developed motor symp-
toms 5–8 years later than those without hypertension. 
Schultz et al. [15] argued that Valcarcel et al. did not 
account for the fact that the prevalence of hyperten-
sion increases with age. Using a large worldwide dataset 
(Enroll-HD) and controlling for confounding factors, 
Schultz et al. suggested that a diagnosis of hypertension 
may be associated with an earlier age of diagnosis of HD. 
However, Steventon et al. [16] used the same dataset 
(Enroll-HD) and controlled for confounders of age, sex, 
and BMI. They found that HD patients with hyperten-
sion had a later age at onset than normotensive patients. 
HD patients with hypertension were further divided into 
the untreated hypertension group and the treated group, 
and HD patients with treated hypertension had a later 
age of clinical onset compared with untreated hyper-
tensive patients and normotensive individuals with HD. 
Steventon et al. suggested that these differences observed 
between normotensive and hypertensive HD patients 
appeared to be driven by the use of antihypertensive 
drugs. In particular, both Schultz et al. and Steventon et 
al. used the Enroll-HD, a very large longitudinal study of 
premanifest and manifest HD mutation carriers and con-
trols. However, due to the different statistical methods 
used, the control for confounding factors and the defini-
tion of hypertension, different results were obtained.

In observational studies, Mendelian 
randomization(MR) is a novel method for assess-
ing causal associations by using genetic variants [17]. 
Because genes are randomly assigned at conception, MR 
analysis overcomes the core deficiencies of observational 
studies and minimizes confounding bias and reverse 
causality. Therefore, MR can be used to assess potential 
causality [18]. Here, we performed Mendelian random-
ization to examine the effects of genetically determined 
blood pressure and genetic proxies for antihypertensive 
drug classes on age at onset of HD.

Methods
Standard protocol approvals and patient consents
This study followed the Strengthening the Reporting of 
Observational Studies in Epidemiology Using Mendelian 
Randomization (STROBE-MR) guide [19]. Since all anal-
yses were performed using publicly available genome-
wide association study (GWAS) summary data that had 
already obtained ethical review board approvals, no addi-
tional ethical permission was required from our institu-
tional research ethics committees.

Study design
In general, MR studies must satisfy three main assump-
tions: (1) the selected genetic variants are significantly 
associated with exposure; (2) the selected genetic vari-
ants are not associated with other confounders; (3) the 
selected genetic variants influence outcome only in the 
pathway of exposure. Both the second and third hypothe-
ses are designed to ensure independence from pleiotropy. 
Here is the flow chart of our study design (Fig. 1).

Genetic instrument selection
We used pooled data from a GWAS meta-analysis of 
blood pressure drawn from the International Consortium 
of Blood Pressure (ICBP) and the UK Biobank (UKB) on 
757,601 Europeans [20]. ICBP GWAS data comprised 77 
independent studies for up to 299,024 Europeans. The 
other 458,577 participants were from UKB. In the sum-
mary data, mean systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) were 138.4 (SD 21.5) and 
82.8 (SD 11.4) mm Hg, respectively. As genetic instru-
ments for SBP and DBP, we selected single nucleotide 
polymorphisms (SNPs) associated with SBP or DBP 
at genome-wide significance level (p < 5 × 10− 8 ) and 
clumped using standard parameters (clumping window 
of 10000 kb, r2 < 0.001) to discard variants in linkage 
disequilibrium(LD). Subsequently, to satisfy the second 
hypothesis, we used the PhenoScanner tool [21] to screen 
whether the selected SNPs were associated with potential 
confounders affecting the age of HD onset. When using 
the PhenoScanner tool, the threshold for genome-wide 
significance was set at p < 5 × 10− 8. Finally, we assessed 
the power of SNPs using the F statistics (F = beta2/se2 
) for each SNP. To avoid weak instrumental variables, 
SNPs with less statistical power would be removed (F 
statistics < 10) [22]. The proportion of BP variance was 
explained by each instrument SNP R2, which was calcu-
lated using the following formula [23]: R2 = 2β2EAF(1–
EAF) /SD2. Where EAF represents the effect allele 
frequency of the instrument SNP, and β denotes the 
effect size for SNP.

We further selected genetic variants as proxies for 
SBP-lowering effects of common antihypertensive 
drugs (Fig. 2): angiotensin converting enzyme inhibitors 
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(ACEI), β-blockers (BB) and calcium channel blockers 
(CCB). Based on the strategy previously described [24], 
we identified genes encoding pharmacologic targets 
associated with BP-lowering for common antihyper-
tensive drug classes in DrugBank [25] and screened the 
corresponding genomic regions and regulatory regions 
(promoters and enhancers) of these genes [26]. Of all 
the variants identified from each gene, only variants 
that were significantly associated with SBP (P < 5 × 10− 8) 
and clumped to the LD threshold r2 < 0.4 in the 1000G 
European reference panel were considered as candidate 
proxies for each drug class. This relatively lenient LD cor-
relation threshold can increase the proportion of vari-
ance explained, thus improving statistical power [27–29]. 
Then, we used more stringent LD threshold (r2 < 0.2) as 
an additional analysis of gene variation of antihyperten-
sive drugs.

Outcome data sources
The primary outcome in this study was residual age at 
onset of HD corrected for inherited CAG repeat length. 
The residual AAO of HD defined by the Genetic Modi-
fiers of Huntington’s Disease (GeM-HD) Consortium. 
Age at onset of diagnostic motor signs and CAG repeat 
size based on the genotyping assay were used to calculate 

residual age at onset, representing years of deviation from 
the expectation [30]. For example, a HD subject with a 
residual age at onset of + 5 indicates an individual who 
developed motor symptoms 5 years later than expected 
considering their CAG repeat length. The GWAS meta-
analysis of residual AAO from the GEM-HD Consortium 
included 9064 HD patients of European ancestry (4417 
males and 4,647 females). In this study, their main aim 
was to find disease-modifying loci that act before clinical 
diagnosis, thereby delaying the onset of the disease.

Statistical analysis
Causal effects were estimated with the random-effects 
inverse variance weighted (IVW) method. We applied 
five complementary methods (MR-Egger, weighted 
median, MR-PRESSO, simple mode, and weighted 
mode), which provided different assumptions about hori-
zontal pleiotropy. The random-effects IVW method, the 
main method of the study, essentially assumed a zero 
intercept and performed a weighted regression of the 
SNP-exposure effects with the SNP-outcome effects. The 
MR Egger method provided more conservative estimates 
of causality in the presence of pleiotropy and was less 
likely to produce exaggerated test statistics [31]. Even if 
up to 50% of the information in the analysis came from 

Fig. 1  The flow chart of the MR study design
SBP: systolic blood pressure; DBP: diastolic blood pressure; HD: Huntington’s disease; SNP: single nucleotide polymorphism; MR: Mendelian randomiza-
tion; IVW: inverse variance weighted
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invalid IV, the weighted median method could provide 
relatively valid estimates [32]. The MR-PRESSO method 
was used to detect outliers that might bias the results and 
to assess whether causal estimates change after removing 
outliers [33]. Due to the strong correlation between SBP 
and DBP, we also adopted the multivariable MR (MVMR) 
method to reduce the interference between them. Spe-
cifically, when assessing the causal relationship between 
SBP and AAO of HD, DBP was present as a covariate. 
However, SBP was included as a covariate when assessing 
the causal association between DBP and AAO of HD. The 
causal association was considered significant after cor-
recting for multiple testing for two BP indexes [P < 0.025 
(0.05/2)] and three antihypertensive drugs classes 
[P < 0.017 (0.05/3)].

Mendelian randomization associations between SBP/
DBP and AAO of HD were scaled to 10  mm Hg incre-
ment in SBP and 5 mm Hg in DBP. Mendelian random-
ization associations between SBP-lowering effects of 
antihypertensive drug classes and AAO of HD were 
scaled to 10 mm Hg decrease in SBP.

Pleiotropy analyses were mainly based on three differ-
ent statistical methods, including the MR-Egger inter-
cept test [33], MR-PRESSO global test [33], and the 

heterogeneity test using Cochran’s Q statistic [34]. The 
above analyses showed statistically significant differences 
when P value < 0.05. Statistical analysis was performed 
in R version 4.1.2 (TwoSampleMR and MR-PRESSO 
packages).

Results
Genetically determined BP and age at onset of HD
First, we examined the relationship between genetically 
determined BP and the age at onset of HD. No SNPs 
were associated with confounders, which were proved to 
have causal associations with AAO of HD, such as cof-
fee consumption [35], lifetime smoking index [36], and 
telomere length [37]. The F statistics of each SNP were 
greater than the statistical threshold of 10, indicating that 
all SNPs had sufficient validity for subsequent analysis. 
Harmonising SBP/DBP and residual AAO of HD, 17/10 
SNPs for being palindromic with intermediate allele fre-
quencies were excluded. Thus, a total of 435/439 inde-
pendent genetic variants associated with SBP/DBP were 
included in the downstream analyses, respectively (see 
Additional file 1 and 2). All these selected genetic vari-
ants could explain 1.59% /1.71% variance of SBP/DBP. 
Genetically predicted 10  mm Hg increment in SBP was 

Fig. 2  Selection strategy for genetic variants used as proxies for antihypertensive drug classes
ACEI: angiotensin converting enzyme inhibitors; BB: beta blockers; CCB: calcium channel blockers; SBP: systolic blood pressure; HD: Huntington’s disease
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associated with a later AAO of HD (β = 0.041 years, 
95% confidence interval (CI) = 0.001 to 0.081, P = 0.046). 
Weighted median and MR-PRESSO analysis yielded 
similar pattern of effect estimates. In addition, 5 mm Hg 
increment in DBP was also associated with a later AAO 
of HD (β = 0.069 years, 95% CI = 0.001 to 0.136, P = 0.046) 
(Fig. 3). However, after SBP/DBP was present as a covari-
ate using MVMR method, we observed no significant 
causal association between genetically determined BP 
and AAO of HD (Fig. 3).

Cochran Q statistic based on IVW (P = 0.464 for SBP; 
P = 0.490 for DBP) and MR-Egger (P = 0.452 for SBP; 
P = 0.487 for DBP) showed no evidence of heterogeneity. 
The MR Egger intercept (intercept = -0.004, P = 0.793 for 
SBP; intercept = 0.013, P = 0.386 for DBP) suggested no 
horizontal pleiotropy for instrumental variables, and the 
MR-PRESSO global test (P = 0.462 for SBP; P = 0.489 for 
DBP) supported that (see Table 1).

Genetic proxies for antihypertensive drugs and AAO of HD
Next, we selected BP-lowering variants in genes encoding 
drug targets as proxies for the effects of antihypertensive 

drug classes and examined their effects on AAO of HD. 
We identified 1 proxy for ACEI, 8 for BB, and 60 for CCB 
(see Additional file 3). No SNPs were found to be associ-
ated with possible confounders using the PhenoScanner 
tool. The F values of all SNPs were greater than 10, prov-
ing that it was unlikely to produce weak instrumental 
variables bias.

A 10-mm Hg reduction in SBP through variants in 
genes encoding targets of CCB was associated with an 
earlier AAO of HD (β=-0.220 years, 95% CI =-0.337 to 
-0.102, P = 2.42 × 10− 4). The associations were confirmed 
using the methods of weighted median and MR Egger. 
However, no causal relationship between ACEI/BB and 
AAO of HD was suggested (see Fig. 4).

The Cochran Q statistic of IVW method ( P = 0.569 for 
CCB; P = 0.879 for BB) and MR Egger ( P = 0.594 for CCB; 
P = 0.856 for BB) indicated no notable heterogeneity 
across instrument SNP effects. The MR Egger intercept 
analysis did not show evidence of horizontal pleiot-
ropy (intercept = 0.065, P = 0.207 for CCB; intercept = 
-0.129, P = 0.528 for BB), and the MR-PRESSO global test 

Fig. 3  MR associations between genetically determined blood pressure and residual age at onset of HD.
SBP: systolic blood pressure; DBP: diastolic blood pressure; HD: Huntington’s disease; SNP: single nucleotide polymorphism; CI: confidence interval
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Table 1  Heterogeneity and pleiotropy tests of instrument effects
Exposure N SNPs Heterogeneity analysis Pleiotropy analysis

Method Q Degree of
freedom

P Method Egger 
intercept

SE P

SBP 435 MR Egger 435.9 433 0.452 MR Egger intercept -0.004 0.016 0.793

IVW 436.0 434 0.464 MR-PRESSO
Global test

0.462

DBP 439 MR Egger 437.3 437 0.487 MR Egger intercept 0.013 0.015 0.386

IVW 438.1 438 0.490 MR-PRESSO
Global test

0.489

BB (LD threshold, 
r2 < 0.4)

8 MR Egger 2.6 6 0.856 MR Egger intercept -0.129 0.193 0.528

IVW 3.1 7 0.879 MR-PRESSO
Global test

0.889

CCB (LD threshold, 
r2 < 0.4)

58 MR Egger 52.9 56 0.594 MR Egger intercept 0.065 0.051 0.207

IVW 54.5 57 0.569 MR-PRESSO
Global test

0.616

BB(LD threshold, 
r2 < 0.2)

7 MR Egger 2.0 5 0.852 MR Egger intercept -0.115 0.194 0.580

IVW 2.3 6 0.887 MR-PRESSO
Global test

0.884

CCB(LD threshold, 
r2 < 0.2)

30 MR Egger 33.0 28 0.236 MR Egger intercept 0.017 0.072 0.813

IVW 33.1 29 0.276 MR-PRESSO
Global test

0.303

SNP: single nucleotide polymorphism; MR: Mendelian randomization; IVW: inverse variance weighted; SBP: systolic blood pressure; DBP: diastolic blood 
pressure; CCB: calcium channel blocker; BB: β-blockers; SE: standard error

Fig. 4  MR associations between genetic proxies for antihypertensive drug classes and residual age at onset of HD (LD r2 < 0.4)
ACEI: angiotensin converting enzyme inhibitors; BB: beta blockers; CCB: calcium channel blockers; HD: Huntington’s disease; SNP: single nucleotide poly-
morphism; CI: confidence interval; LD: linkage disequilibrium
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(P = 0.616 for CCB; P = 0.889 for BB) supported that (see 
Table 1).

Results of additional analysis
Additional analysis restricted to the set of SNPs with 
the LD threshold (r2 < 0.2) showed consistent associa-
tion estimates (β=-0.194 years, 95% CI = -0.365 to -0.023, 
P = 0.026; Fig.  5) for CCB. The results of MR-PRESSO 
analysis showed similar tendency. Similarly, there was no 
evidence to support a causal association between BB and 
AAO of HD. No notable heterogeneity and horizontal 
pleiotropy of CCB and BB were detected (see Table 1).

Discussion
In this MR study, we explored the causal relationship 
between blood pressure, antihypertensive drugs and 
AAO of HD. We used genetic variants associated with 
BP as proxies to provide suggestive evidence that genetic 
exposure to SBP lowering through antihypertensive drugs 
might be associated with an earlier age of HD onset.

Currently, there were some studies on the relationship 
between hypertension and AAO of HD, and the findings 
were mixed [14–16]. Previous observational studies have 
shown that hypertension might lead to an earlier or later 
onset of HD. More interestingly, the two studies [15, 16] 

used the same large worldwide dataset (Enroll-HD), how-
ever, due to differences in HD patients enrolled, statistical 
methods, control for confounding factors, and definitions 
of hypertension, leading to completely opposite conclu-
sions. Since Enroll-HD was an observational study and 
lacked BP measurements and degree of BP control, it 
was difficult to assess the causal relationship between 
actual blood pressure and AAO of HD. Large-scale bio-
bank datasets can provide an unparalleled opportunity 
for assumption-free causal inference. Through MR analy-
sis, we found no significant causal association between 
genetically predicted SBP/DBP and AAO of HD.

Observational studies suggested that treatment with 
antihypertensive drugs might delay the onset of HD [15, 
16]. Unfortunately, these observational studies did not 
include vital sign data. Most participants were treated 
with antihypertensive drugs, but the effects of treat-
ment and extent of BP control were unknown. The asso-
ciation between treatment with antihypertensive agents 
and delayed HD onset could not be accurately assessed. 
Moreover, there were no relevant high-quality inter-
ventional studies to evaluate the effects of antihyper-
tensive drug treatment on the the age at onset of HD. 
Using MR, the current study expanded previous evi-
dence using genetic variants in a very large cohort of 

Fig. 5  MR associations between genetic proxies for antihypertensive drug classes and residual age at onset of HD (LD r2 < 0.2)
BB: beta blockers; CCB: calcium channel blockers; HD: Huntington’s disease; SNP: single nucleotide polymorphism; CI: confidence interval; LD: linkage 
disequilibrium
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well-characterized study participants. The study showed 
that genetically determined BP lowering through antihy-
pertensive drugs was associated with an earlier AAO of 
HD, and CCB might not be considered a promising pre-
ventive strategy to delay the onset of HD.

Glodzik et al. [38] found that a decline in blood pres-
sure was related to dementia and brain damage, and that 
these associations were primarily found in individu-
als treated with antihypertensive drugs. In longstanding 
hypertension, the limits of cerebral blood flow regulation 
are altered and the mean arterial pressure threshold for 
maintaining cerebral blood flow is shifted to higher levels 
[39]. This change may increase the brain’s vulnerability 
to hypoperfusion at lower BP values [40], indicating that 
higher pressure is needed to maintain adequate blood 
flow. Animal studies have shown that even mild and tran-
sient hypoperfusion results in increased tau phosphory-
lation and long lasting increases in amyloid beta [41]. In 
this study, we thought that lowering blood pressure in 
hypertensive patients with impairment of cerebral auto-
regulation might be detrimental to brain perfusion and 
oxygenation, thus, further promoting the accumulation 
of mutant huntingtin in neurons and contributing to 
the development of HD. Our results do not suggest that 
pre-motor-manifest HD patients need to increase blood 
pressure to delay the onset, but rather that pre-motor-
manifest HD patients with hypertension should be cau-
tious in antihypertensive treatment.

As for the effect of antihypertensive drugs on the age 
at onset of HD, the study could only assess the effect of 
lowering blood pressure rather than other mechanisms 
on HD. However, we need to pay attention to the neu-
roprotective effects of antihypertensive drugs, includ-
ing calcium channel blockers, probably not by treating 
hypertension per se. For example, calcium accumulation 
in neurons might be neurotoxic and thus CCB might 
have a neuroprotective effect [42]. Moreover, a recent 
study did report that the use of felodipine in mice might 
induce autophagy and had benefits for neurodegenera-
tive diseases, including HD, and these benefits were inde-
pendent of the cardiovascular system [43]. In the future, 
a prospective cohort of large-scale population-based 
interventions could be established to assess the effects 
of different antihypertensive agents on age at HD onset, 
in order to distinguish whether it is through the effects 
of lowering blood pressure or other mechanisms, such 
as neuroprotective effects. Combining these data with 
the results generated by the MR framework may pro-
vide compelling conclusions. Although the mechanisms 
underlying the effects of antihypertensive drugs on ear-
lier HD onset remain unclear and warrant further inves-
tigation, MR analysis certainly offers great promise for 
identifying risk or protective factors in the era of large-
scale genetic epidemiology.

The advantages of our study included the following 
aspects. First, we provided evidence that hypertension 
might delay the onset of HD, and the use of antihyperten-
sive medications might be associated with an earlier age 
at onset of HD using genetic data for the first time. Sec-
ond, we used a variety of methods to verify the accuracy 
of the results, such as calculating the F statistic to exclude 
weak instrumental variable bias and performing hetero-
geneity and pleiotropy tests to ensure the reliability of the 
MR results.

However, the results of this study should be interpreted 
in conjunction with some limitations. First, our study 
was limited by the fact that MR studies the effects of life-
time exposure, whereas drugs are typically exposed for 
much shorter periods, and blood pressure may have age-
dependent effects. The effect sizes we estimated were not 
representative of the relationship between critical peri-
ods of exposures and outcomes. It can also be particu-
larly problematic if a drug’s protein target is beneficial at 
one point in the life course and detrimental at another. 
Therefore, further research into the effect of BP and anti-
hypertensive drugs on the AAO of HD is recommended, 
especially randomized controlled trials, and to explore 
how the effects vary with age. Second, because the drug 
target model only focuses on the target effect of the spe-
cific treatment, our drug target genetic results do not 
reflect the pharmacokinetics of drug use. Third, we did 
not explore the causal relationship of other antihyperten-
sive drugs, including ACEI and BB. These null results did 
not imply that these drugs were not detrimental, possibly 
given that the limited number of SNPs included did not 
provide sufficient statistical power for meaningful analy-
sis. Future studies including larger BP GWAS datasets 
might provide deeper insights into the effect of different 
types of BP-lowering drugs on the AAO of HD. Fourth, 
the estimated effect of blood pressure on AAO of HD, 
which is associated with higher mortality, may be suscep-
tible to survival bias. Finally, since all participants were of 
European ancestry, it might be difficult to extrapolate the 
results to other ethnic groups.

Conclusions
In this two-sample MR study, we examined the effect of 
blood pressure and lowering blood pressure with antihy-
pertensive drugs on AAO of HD using genetic variants. 
We provided evidence that genetically determined BP 
lowering through antihypertensive drugs might be asso-
ciated with an earlier age at onset of HD. Moreover, CCB 
may not be a promising strategy for delaying HD onset. 
Our results complemented the findings of observational 
studies and might have a potential impact on manage-
ment of hypertension in the pre-motor-manifest HD 
population. However, further clinical randomized con-
trolled trials are needed. In addition, for pre-HD patients 
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with hypertension, the probability of cardiovascular and 
cerebrovascular diseases should be taken into account, 
and the use of antihypertensive drugs should be evalu-
ated comprehensively.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13023-023-02734-1.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
We thank all the UK Biobank, the International Consortium of Blood Pressure, 
and GEM-HD Consortium for making the summary data publicly available, and 
we are grateful for all the investigators and participants who contributed to 
those studies.

Authors’ contributions
XH conceived and designed the study. YZ, ML, JB and HW contributed to 
the acquisition and analysis of data. YZ wrote the manuscript. XH reviewed 
and edited the manuscript. All authors read and approved the the final 
manuscript.

Funding
This research did not receive any specific grant from funding agencies.

Data Availability
This study was based on summary statistics. The GWAS data from the ICBP and 
UKB meta-analysis are publicly available(https://gwas.mrcieu.ac.uk/). The age 
at onset of HD GWAS data are available from the corresponding authors upon 
request.

Declarations

Ethics approval and consent to participate
Since all analyses were performed using publicly available genome-wide 
association study (GWAS) summary data that had already obtained ethical 
review board approvals, no additional ethical permission was required from 
our institutional research ethics committees.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 24 November 2022 / Accepted: 14 May 2023

References
1.	 Walker FO. Huntington’s disease. Lancet. 2007;369(9557):218–28.
2.	 Gusella JF, MacDonald ME, Ambrose CM, et al. Molecular genetics of Hunting-

ton’s disease. Arch Neurol. 1993;50:1157–63.
3.	 Ehrlich ME. Huntington’s disease and the striatal medium spiny neuron: cell-

autonomous and non-cell-autonomous mechanisms of disease. Neurothera-
peutics. 2012;9(2):270–84.

4.	 Ruocco HH, Lopes-Cendes I, Li LM, et al. Striatal and extrastriatal atrophy in 
Huntington’s disease and its relationship with length of the CAG repeat. Braz 
J Med Biol Res. 2006;39(8):1129–36.

5.	 Roze E, Cahill E, Martin E, et al. Huntington’s Disease and Striatal Signaling. 
Front Neuroanat. 2011;5:55.

6.	 Langbehn DR, Brinkman RR, Falush D, et al. A new model for prediction of the 
age of onset and penetrance for Huntington’s disease based on CAG length. 
Clin Genet. 2004;65(4):267–77.

7.	 Wexler NS, Lorimer J, Porter J, et al. Venezuelan kindreds reveal that genetic 
and environmental factors modulate Huntington’s disease age of onset. Proc 
Natl Acad Sci U S A. 2004;101(10):3498–503.

8.	 Schultz JL, Kamholz JA, Moser DJ, et al. Substance abuse may hasten motor 
onset of Huntington disease: evaluating the Enroll-HD database. Neurology. 
2017;88(9):909–15.

9.	 Li HL, Li XY, Dong Y, et al. Clinical and genetic profiles in chinese patients 
with Huntington’s Disease: a ten-year Multicenter Study in China. Aging Dis. 
2019;10(5):1003–11.

10.	 GBD 2017 Risk Factor Collaborators. Global, regional, and national compara-
tive risk assessment of 84 behavioural, environmental and occupational, 
a-nd metabolic risks or clusters of risks for 195 countries and territories, 
1990–2017: a systematic analysis for the global burden of Disease Study 
2017. Lance-t. 2018;392(10159):1923–94.

11.	 Maillard P, Mitchell GF, Himali JJ, et al. Effects of arterial stiffness on brai-n 
integrity in young adults from the Framingham Heart Study. Stroke. 
2016;47(4):1030–6.

12.	 Tsao CW, Seshadri S, Beiser AS, et al. Relations of arterial stiffness and 
en-dothelial function to brain aging in the community. Neurology. 
2013;81(11):984–91.

13.	 Tsao CW, Himali JJ, Beiser AS, et al. Association of arterial stiffness with 
progression of subclinical brain and cognitive disease. Neurology. 
2016;86(7):619–26.

14.	 Valcárcel-Ocete L, Fullaondo A, Alkorta‐Aranburu G, et al. Does arte-
rial hypertension influence the onset of Huntington’s disease? PLoS ONE. 
2018;13:e0197975.

15.	 Schultz JL, Harshman LA, Langbehn DR, Nopoulos PC. Hypertension is 
Associated with an earlier age of Onset of Huntington’s Disease. Mov Disord. 
2020;35(9):1558–64.

16.	 Steventon JJ, Rosser AE, Hart E, Murphy K. Hypertension, antihyperten-
sive use and the delayed-onset of Huntington’s disease. Mov Disord. 
2020;35(6):937–46.

17.	 Davies NM, Holmes MV, Davey Smith G. Reading mendelian randomisation 
studies: a guide, glossary, and checklist for clinicians. BMJ (Clinical research 
ed). 2018;362:k601.

18.	 Walker VM, Davey Smith G, Davies NM, Martin RM. Mendelian randomiza-
tion: a novel approach for the prediction of adverse drug events and drug 
repurposing opportunities. Int J Epidemiol. 2017;46(6):2078–89.

19.	 Skrivankova VW, Richmond RC, Woolf BAR, et al. Strengthening the reporting 
of Observational Studies in Epidemiology using mendelian randomization: 
the STROBE-MR Statement. JAMA. 2021;326(16):1614–21.

20.	 Evangelou E, Warren HR, Mosen-Ansorena D, et al. Genetic analysis of over 1 
million people identififies 535 new loci associated with blood pressure traits. 
Nat Genet. 2018;50:1412–25.

21.	 Kamat MA, Blackshaw JA, Young R, et al. PhenoScanner V2: an expanded 
tool for searching human genotype-phenotype associations. Bioinformatics. 
2019;35(22):4851–3.

22.	 Chen L, Yang H, Li H, et al. Insights into modifiable risk factors of cholelithiasis: 
a mendelian randomization study. Hepatology. 2022;75(4):785–96.

23.	 Shim H, Chasman DI, Smith JD, et al. A multivariate genome-wide association 
analysis of 10 LDL subfractions, and their response to statin treatment, in 
1868 Caucasians. PLoS ONE. 2015;10(4):e0120758.

24.	 Gill D, Georgakis MK, Koskeridis F, et al. Use of genetic variants related to 
antihypertensive drugs to inform on efficacy and side effects. Circulation. 
2019;140(4):270–9.

25.	 Wishart DS, Feunang YD, Guo AC, et al. DrugBank 5.0: a major update to the 
DrugBank database for 2018. Nucleic Acids Res. 2018;46:D1074–82.

26.	 Fishilevich S, Nudel R, Rappaport N et al. GeneHancer: Genome-wide Integra-
tion of Enhancers and Target Genes in GeneCards. 2017. Oxford: Database; 
2017.

27.	 Burgess S, Dudbridge F, Thompson SG. Combining information on multiple in 
strumental variables in mendelian randomization: comparison of allele score 
and summarized data methods. Stat Med. 2016;35(11):1880–906.

28.	 Burgess S, Ference BA, Staley JR, et al. Association of LPA variants with risk of 
coronary disease and the implications for lipoprotein(a)-lowering therapies: a 
men delian randomization analysis. JAMA Cardiol. 2018;3(7):619–27.

29.	 Nowak C, Arnlov J. A mendelian randomization study of the effffects of blood 
lipids on breast cancer risk. Nat Commun. 2018;9(1):3957.

http://dx.doi.org/10.1186/s13023-023-02734-1
http://dx.doi.org/10.1186/s13023-023-02734-1
https://gwas.mrcieu.ac.uk/


Page 10 of 10Zhu et al. Orphanet Journal of Rare Diseases          (2023) 18:125 

30.	 Genetic Modififiers of Huntington’s Disease (GeM-HD) Consortium. CAG 
repeat not polyglutamine length determines timing of huntington’s disease 
onset. Cell. 2019;178(4):887–900.

31.	 Burgess S, Thompson SG. Interpreting findings from mendelian randomiza-
tion using the MR-Egger method. Eur J Epidemiol. 2017;32(5):377–89.

32.	 Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in 
mendelian randomization with some Invalid Instruments using a weighted 
median estimator. Genet Epidemiol. 2016;40(4):304–14.

33.	 Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal 
pleiotropy in causal relationships inferred from mendelian randomization 
between complex traits and diseases. Nat Genet. 2018;50(5):693–8.

34.	 Greco MF, Minelli C, Sheehan NA, Thompson JR. Detecting pleiotropy in men-
delian randomisation studies with summary data and a continuous outcome. 
Stat Med. 2015;34(21):2926–40.

35.	 Wang M, Cornelis MC, Zhang Z, et al. Mendelian randomization study of 
coffee consumption and age at onset of Huntington’s disease. Clin Nutr. 
2021;40(11):5615–8.

36.	 Wang M, Liu D, Yang S, et al. Smoking, alcohol consumption, and age at onset 
of Huntington’s disease: a mendelian randomization study. Parkinsonism 
Relat Disord. 2022;97:34–8.

37.	 Aziz NA, Weydt P. Telomere length as a modifier of age-at-onset in Hun-
tington disease: a two-sample mendelian randomization study. J Neurol. 
2018;265(9):2149–51.

38.	 Glodzik L, Rusinek H, Pirraglia E, et al. Blood pressure decrease correlates with 
tau pathology and memory decline in hypertensive elderly. Neurobiol Aging. 
2014;35(1):64–71.

39.	 Zazulia AR. Regulation of cerebral blood flow in untreated mild-to-moderate 
hypertension. Am J Hypertens. 2009;22(4):344.

40.	 van Beek AH, Claassen JA, Rikkert MG, et al. Cerebral autoregulation: a over-
view of current concepts and methodology with special focus on the elderly. 
J Cereb Blood Flow Metab. 2008;28(6):1071–85.

41.	 Koike MA, Green KN, Blurton-Jones M, et al. Oligemic hypoperfusion differen-
tially affects tau and amyloid-{beta}. Am J Pathol. 2010;177(1):300–10.

42.	 Marx J. Alzheimer’s disease. JM Fresh evidence points to an old suspect: 
calcium. Science. 2007;318(5849):384–5.

43.	 Siddiqi FH, Menzies FM, Lopez A, et al. Felodipine induces autophagy in 
mouse brains with pharmacokinetics amenable to repurposing. Nat Com-
mun. 2019;10(1):1817.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Hypertension, antihypertensive drugs, and age at onset of Huntington’s disease
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Standard protocol approvals and patient consents
	﻿Study design
	﻿Genetic instrument selection
	﻿Outcome data sources
	﻿Statistical analysis

	﻿Results
	﻿Genetically determined BP and age at onset of HD
	﻿Genetic proxies for antihypertensive drugs and AAO of HD
	﻿Results of additional analysis

	﻿Discussion
	﻿Conclusions
	﻿References


