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CHAPTER 4

Abstract

Background: Pain is an important symptom in Huntington’s disease (HD), however, 
not systematically studied and understood. The objective of the current study is to 
assess the prevalence of pain, pain interference in daily activities, painful conditions, 
analgesic use and the severity of the pain burden across different disease stages 
and ‘Age at symptom Onset’ groups. Additionally, the association between pain and 
disease burden was investigated.

Methods: A cross-sectional analysis was conducted within two large data sets, which 
included different types of pain scales. Multivariable logistic regression analyses and 
analyses of variance were performed to compare the pain levels with those in the 
general population. The analyses were adjusted for sex and age. Locally Estimated 
Scatterplot Smoothing was used to test the association between pain and the HD 
pathology score: a measure of disease burden.

Results: The mean prevalence of pain in the HD population was 40% and for pain 
interference around 35% in both data sets. Patients in the early, middle and late stage 
of HD experience more pain burden compared with what is reported in patients 
with chronic pain (p < 0.01). A positive and significant association was demonstrated 
between pain and disease burden. Patients in late stage HD with pain use significantly 
less analgesics compared with the general population (5% versus 13%, respectively 
(p < 0.01)).

Conclusions: Pain is a prevalent and important symptom in HD. Severe pain burden 
in the HD population is present and positively associated with disease burden. Risk 
for undertreatment with analgesics is nevertheless present. Awareness of pain in HD 
needs to be increased, both clinically and scientifically.
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1. Introduction

Huntington’s disease (HD) is an autosomal dominant neurodegenerative disease, 
caused by an increased number of cytosine-adenine-guanine (CAG) repeats in the 
DNA sequence in HTT, the gene that encodes huntingtin.1 The resulting abnormally 
long polyglutamine repeat in the Huntingtin protein causes neuronal loss in the 
brain, particularly in the striatum.2 HD is characterized by involuntary movements, 
neurocognitive impairments and neurobehavioral changes. Besides the well-known 
triad of symptoms and signs in HD, other non-motor symptoms in HD are described 
such as weight loss, sleep disturbances, and autonomic changes.3 Another rather 
unrecognized non-motor symptom is pain. The mean prevalence of pain in HD has 
been estimated to be around 41%.4 Until now, conflicting data have been reported 
on the prevalence of pain across different disease stages: one study showed a lower 
prevalence of pain in the advanced stage (26%) as compared with non-HD mutation 
carriers, while another study demonstrated an actual increase of the prevalence of 
pain up to 50%.5,6

The neurocognitive decline and speech impairments in HD certainly challenge 
pain assessments and subsequently adequate pain management. A recent study 
demonstrated a discrepancy in the prevalence of pain interference on daily activities 
and analgesic use (34% versus 13%, respectively).7 Additional studies concerning this 
topic in HD are lacking.

Therefore, our aim was to broaden the knowledge on pain and pain burden in HD, not 
only the prevalence in different stages, but also in different ‘Age at symptom Onset’ 
groups, including Juvenile HD. In order to validate previous findings from one pain 
scale outcome within the Enroll-HD study, another cohort will be studied (Registry- HD 
study), which also includes more extensive pain measures. The use of these large data 
sets, provided a unique opportunity to study pain in HD profoundly and from different 
perspectives. In addition, in order to assess the impact of HD pathophysiology on the 
pain burden, an exploratory analysis will be conducted by using the HD pathology 
score (disease burden). This score is an indirect measure of the striatal pathology, an 
important localisation for HD pathology. The striatum is also involved in central pain 
modulation and in particular in pain inhibition.8,9 We hypothesized that the striatal 
pathology also affects the pain inhibition.

4
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2. Methods

We applied the data sets of the Registry- HD study (RDS) and the fifth periodic 
database (PDS-5) of the Enroll-HD study. The Registry- HD study was a European 
study, started in 2004 and was completed in 2017. Established in July 2012, the Enroll-
HD study is operating world-wide. The Enroll-HD study included 6247 participants 
from the Registry- HD study who reconsented to continue participation and data 
transfer. Registry and Enroll- HD are both clinical research platform studies designed 
to facilitate clinical research in HD. Core data sets are collected annually from all 
participants as part of this multicenter longitudinal observational study. Data are 
monitored for quality and accuracy using a risk-based monitoring approach. All the 
sites were required to obtain and maintain local ethical approval.

The RDS and PDS-5 included 12 881 and 21 116 participants, respectively. For our study 
the baseline assessments of both data sets (RDS and PDS-5) were used of individuals 
with a genetically confirmed HD gene mutation and non-HD mutation carriers (family 
controls [spouses, partners, caregivers] and genotype-negatives). Deduplication was 
performed within the RDS. Data deduplication between the different databases (RDS 
and PDS-5) was not performed because the databases were not merged due to their 
different nature.

The baseline assessment gathered data on: age, sex, region, race, International Standard 
Classification of Education, marital status, CAG-repeat length, motor symptoms, stage 
of disease, comorbidities, medication use and indication. The cognitive functions were 
assessed according to the Unified Huntington Disease Rating Scale (UHDRS), using the 
Symbol Digit Modality Test (SDMT), Category and Letter Fluency Test and the Stroop 
Test.10 Additionally, the Mini-Mental State Examination (MMSE) was used to assess 
general cognitive function.11 In the PDS-5, the Hospital Anxiety and Depression Scale 
(HADS) was used as a questionnaire to assess symptoms of anxiety and depression.12 In 
the RDS, the Beck Depression Inventory was additionally used as mood questionnaire.13

2.1 Pain scales
In the RDS, the pain intensity and interference items of the Short-Form Healthy Survey- 
36 version 1 and 2 (SF-36v1 or SF36-v2) were available to assess pain.14–16 In the PDS-5, 
the pain interference item of the Short-Form Health Survey-12-version 2 (SF-12v2) 
was available.14–16 The pain burden was defined by a composite score of the pain and 
pain interference items of the SF36.16 According to standard procedure of the SF-36, 
the composite raw score was converted to a transformed score. The range of the 
transformed scale is from 0 to 100. A higher score indicates less and a lower score 
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indicates more pain burden.16 The transformed score can be compared with normative 
data of the general population and patients with chronic (back) pain.16

2.2 Painful conditions and Analgesic use
The comorbidities and medication use in RDS and the PDS-5 database were classified 
according to the 10th edition of the International Classification of Diseases and the 
Anatomical Therapeutic Chemical Classification System, respectively.17,18 Inclusion 
criteria were postulated to identify painful conditions and analgesic use in both data 
sets (Supplementary material: eMethods).

2.3 Groups
The disease stages were defined as follows: Non-HD mutation carrier status (NMC) was 
defined as participants with ≤ 35 and HD mutation carrier status with 36 or more CAG 
repeats in the Huntingtin gene. Premanifest HD was defined by a Total Motor Score 
(TMS) of five or lower and a Diagnostic Confidence Level (DCL) of three or lower on the 
UHDRS.19 By using the normed version of the prognostic index (PIN-HD) formula and 
according to the TRACK- HD studies, the premanifest stage was divided at baseline 
group median (10.8 years) for predicted years to onset into PreHDA (≥ 10.8 years 
from predicted onset) and PreHDB (< 10.8 years).19–21 The PIN-HD is a validated and 
‘normalized’ scale to predict progression, with higher scores indicating greater risk of 
motor diagnosis. The following variables were included for calculating the PIN-scores: 
TMS, SDMT, age and length of CAG-repeat.21 The manifest stage of HD was divided 
into an early, middle and late stage, by using the Total Functional Capacity (TFC) score 
of the UHDRS.10,22 A TFC score between 7 and 13 indicated the early stage, between 4 
and 6 the middle stage, and a score between 0 and 3 the late stage.22

Four ‘Age at symptom Onset’ HD groups (AO-HD) were determined: (1) patients with 
childhood-onset juvenile HD (onset ≤10 years; cJHD), (2) patients with adolescent-
onset juvenile HD (onset: 11-20 years; aJHD), (3) patients with adult-onset HD with 
onset of first symptom between 21 years and 59 years (AHD) and (4) patients with late-
onset HD with onset of first symptom ≥ 60 years (LoHD).23,24 To improve homogeneity 
within the Juvenile-onset HD (JoHD) groups, participants with a CAG repeat of < 40 
were excluded and time between first symptom and first motor symptom was limited 
to 15 years. For the AHD and LoHD the cut-off of the CAG repeat was set at ≥ 36. The 
identification of age at first symptom was retrieved from the HD Clinical Characteristics 
questionnaire, as defined by the rater, which is a retrospective assessment of the broad 
spectrum of all HD symptoms and signs.25

4
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An exploratory analysis was conducted to assess the association between the pain 
burden and the HD pathology score (disease burden). The HD pathology score is an 
indirect measure for striatal pathology, based on a high linear association between 
age, CAG repeat length and post-mortem striatal pathology (age x [CAG – 35.5]).26 
Larger numbers represent a higher burden of disease. This quotation has been used 
in a variety of HD biomarker studies to assess the relationship between the disease 
burden and the variables of interest.27

2.4 Statistical analysis
The analyses were conducted using the statistical software R (version 4.3.1).28 To assess 
the prevalence of pain, pain interference, painful conditions and analgesic use, the 
scores were dichotomised. Moreover, the presence of pain or pain interference was 
defined as an individual score of “ little bit” or higher. Multivariable logistic regression 
analyses were performed for these binary outcomes. The predictors were age, sex, 
disease stages (NMC, PreHDA, PreHDB, early, middle and late) and ‘Age at symptom 
Onset’ groups (cJHD, aJHD, AHD, LoHD), to investigate differences in the prevalence of 
the pain outcomes across the entire spectrum of HD. We used Bonferroni correction, 
setting the threshold for statistical significance to 0.05 divided by the number of 
comparisons; five for disease stage (NMC versus the disease stages) and ten for AO-HD. 
One-way analyses of variance (ANOVA) were performed to assess whether the pain 
burden (numeric outcome) differs across the disease stages and AO-HD group. All 
the analyses were adjusted for age and sex. One sample t-tests were conducted, to 
assess whether the mean score of the pain burden differ from the normative data of 
the general population and chronic (back) pain patients. An exploratory analysis was 
conducted to assess the association between the HD pathology score (disease burden) 
and the pain burden, by fitting a Locally Estimated Scatterplot Smoother (LOESS). 
This is a non-parametric regression method in which no assumptions are made about 
the underlying structure of the data. At every value of the pathology score, a local 
(weighted) average was computed of the pain burden. That is, an average of the pain 
burden for participants with similar pathology scores.29,30 Pooling of the pain scales of 
the RDS and PDS-5 was not suitable due to clinimetric differences. For example, the 
time frame for assessing the presence of pain in the RDS was the last 4 weeks, whereas 
in the PDS-5 it was the last week.

Five multiple imputations were carried out in order to account for the missing data 
on socio-demographic, clinical factors, the pain outcomes and the defined groups 
(Supplementary material: eMethods and eImputed data sets).
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3. Results

3.1 Participants
At baseline, the total sample sizes (NMC and HD- mutation carriers) in the RDS includes 
12 881 and the PDS-5 21 116 participants. Due to missing data in the data sets, 1601 
(12%) and 183 (0.9%) participants were not categorised in the different disease 
stages of HD. In addition, in the RDS and PDS-5, respectively 6735 (52.3%) and 10619 
(50.3%) participants were not categorized in an AO-HD group due to missing data 
(Supplementary material: eTables 1 and 2). The characteristics of the participants at 
the baseline assessment varied between the different predefined groups (Table 1 and 
Supplementary material: eTables 3, 4 and 5). In the PDS-5, 4459 participants had also 
a baseline assessment in the RDS.

4
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3.2 Prevalence of the different pain outcomes

3.2.1 Across the stages of HD
In the RDS, the overall mean prevalence of pain, pain interference, painful conditions 
and analgesic in HD mutation carriers was 42%, 37%, 9% and 6%, respectively. In 
the PDS-5, the overall mean prevalence of pain interference, painful conditions and 
analgesic use in HD mutation carriers was 34%, 19% and 13%, respectively. In both 
data sets (RDS and PDS-5), significantly higher prevalence of pain interference was 
demonstrated in the early and middle stage of HD, compared with NMC (p ≤ 0.03) 
(Figure 1A,B). The prevalence of pain interference was significantly higher in the late 
stage of HD compared with NMC (p < 0.01) in the RDS (Figure 1B).

The prevalence of extreme pain interference was higher in the advanced stages of HD 
(Figure 1C and E) in both data sets, RDS and PDS-5. More specifically, the prevalence 
of extreme pain interference was higher in the late stage of HD (10% and 9% (RDS and 
PDS-5, respectively)) compared with PreHDA group (1% for both data sets). Concerning 
the intensity of pain, the distribution of the prevalence was similar across the groups 
(Figure 1D).

Concerning the proportions of analgesic use across disease stages, a significantly 
lower proportion of analgesic use was demonstrated in patients in the late stage of 
HD compared with NMC (5% vs 13%, respectively (p < 0.01)) (Figure 2).

4
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3.2.2 Across the ‘Age at symptom Onset’
In the RDS and PDS-5, the prevalence of the pain outcomes varied across AO-HD groups 
(Figure 3A,B). In both data sets (RDS and PDS-5), a significantly lower prevalence of 
pain interference was demonstrated in cJHD compared with aJHD (p = 0.02). Only in 
the PDS-5, a significantly lower prevalence of painful conditions was present between 
aJHD compared with AHD (p = 0.03) (Figure 3A). Furthermore, in the PDS-5, a lower 
prevalence of analgesic use was demonstrated in cJHD compared with aJHD, AHD or 
LoHD (p < 0.01) (Figure 3A).

The proportions of painful conditions, as well as the type of analgesics, differ between 
the AO-HD groups (Figure 4). The most reported painful conditions in aJHD belonged 
to a cluster of different causes such as acquired deformities, restless leg syndrome and 
post-traumatic pain. Back pain was most frequently reported in AHD and headache 
in LoHD.

Concerning the analgesics, in all the AO-HD groups, paracetamol and NSAIDs were 
the most frequently used. Thereafter, anti-epileptics were the most frequently used, 
in particular in aJHD, and opioids in LoHD (Figure 4).
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3.3 Pain burden
The pain burden was defined as a transformed composite score (range 0 to 100) of 
the pain and pain interference items of the SF36. A higher score indicates less and a 
lower score indicates more pain burden.16

First, the pain burden in the HD population was assessed which included patients 
with and without pain (yellow error bars) (Figure 5A). A one-way ANOVA revealed a 
significant effect of the stage of HD on the pain burden (F(5, 4015) = 5.78, p < 0.01) 
(Figure 5A). Post hoc comparisons, indicated the pain burden was significant higher in 
patients in the late stage of HD (M = 70.59, SD = 32.37) compared with NMC (M = 83.23, 
SD = 25.02) (p < 0.01).

Second, the pain burden was only assessed in patients with pain (red error bars). 
A significant effect of the stage of HD on the pain burden was demonstrated (F(5, 
1718) = 13.37, p < 0.01). Moreover, post hoc tests indicated a significant higher pain 
burden in early, middle and late stage of HD (M = 51.22, SD = 20.90; M = 46.06, 
SD = 22.42; M = 42.43, SD = 22.37, respectively) compared with NMC (M = 58.15, 
SD = 22.96) (p ≤ 0.01) (Figure 5A). No significant group differences were present in 
the pain burden across the AO-HD groups (F(3, 2568) = 0.84, p = 0.47) (Figure 5B).

Significant group differences were present depending on the disease stages and 
AO-HD groups, compared with normative data of the general population (M = 75.15, 
SD = 23.69) and patients with chronic (back) pain (M = 59.34, SD = 24.63).14–16 For 
instance, patients with pain in the PreHDB, early, middle and late stage of HD report 
significant more pain burden compared with the normative data of patients with 
chronic (back) pain (p < 0.01) (Figure 5A,B).

4
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3.4 HD pathology and pain burden
From the LOESS fitted curve we observed a positive association between the HD 
pathology (disease burden) score between 200 and 360 and the pain burden in the 
overall HD population (Figure 6A). In the HD population reporting pain, a positive 
association was also observed between the pain and disease burden between 200 and 
375 (Figure 6B). As the HD pathology score increased, independent of the presence of 
pain, the CIs widened accordingly, caused by the reduced amount of data.

Figure 6. LOESS model for pain burden and HD pathology score. The x-axis includes the trans-
formed score of the pain burden and ranges from 0 to 100. A higher score indicates less and a 
lower score indicates more pain burden. Blue line is the association between the HD patholo-
gy score and the pain burden. Grey area represent the 95% confidence interval ( ). Larger 
numbers of the HD pathology score represent a higher burden of disease. CAG, cytosine-ad-
enine-guanine; HD, Huntington’s disease, LOESS, Locally Estimated Scatterplot Smoother

4. Discussion

Our findings regarding the prevalence of pain (40 %) and pain interference (35 %) in 
the overall HD population are in line with previously conducted studies.4–7 Only at 
subgroup level, there are differences between studies regarding the prevalence and 
the severity of pain in HD. This is potentially due to sample size differences between 
studies, whereby a small sample affects the robustness of the data. In general, it can 

4
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be concluded that the prevalence and the severity of pain and pain interference in 
the advanced stages of HD increases. The discrepancy in the current study regarding 
the prevalence of pain (interference) versus painful conditions and analgesic use are 
in line with our previous findings in an older release of the Enroll- HD study (PDS-4), 
validating the earlier conducted procedures.7 This discrepancy could be due to several 
factors. First, HD in itself can cause pain, which may be an aspect that physicians 
are not sufficiently aware of as a cause of a painful condition.31 Systematic studies 
are, however, necessary to explore this possible explanation. Other factors such as 
neurocognitive disturbances, speech impairment and loss of insight might contribute 
to this discrepancy, especially when using self-reported pain scales.

The discrepancy between the prevalence of pain and pain interference versus painful 
conditions and analgesic use was larger in the RDS compared with the PDS-5. This 
might partially be explained by regional effects, since the discrepancy was more 
or less similar between data sets if only European data from the PDS-5 were used 
(Supplementary material: eTable 6). As proposed and demonstrated by different 
studies, national evidence–based guidelines, prescribing culture as well as regulatory 
policies and costs might contribute to different patterns in analgesic use at global, 
regional and national level.32,33

To our knowledge, this is the first study also assessing the prevalence of different pain 
outcomes across AO-HD groups including JoHD groups with onset in childhood and 
adolescence. Our study showed that the overall prevalence of pain at baseline was 
significantly lower for cJHD (14%), as compared with aJHD, AHD and LoHD: all above 
40%. The only available study examining the frequency of pain in JoHD, included 
caregivers as responders and demonstrated that pain was reported in 69% of the 33 
cases.34 The lower pain prevalence found in JoHD in the RDS cohort might be caused 
by the fact that in the RDS, pain was self-reported and with shorter time frame (last 4 
weeks). In addition, in the RDS a verbal pain scale was used, which might be interfered 
by the severe progression of neurocognitive and speech impairments in JoHD. On 
the other hand, the 69% reported by caregivers might as well be an overestimation, 
confusing behavioural changes for an expression of pain. Finally, the divergent results 
might also be explained by the fact that the sample size, in particular the cJHD, was 
relatively small, providing less robust data regarding the prevalence of pain and pain 
interference.

In this study, we demonstrated that the proportions of type of painful conditions and 
analgesic use differ across the disease stages and AO-HD groups. These differences 
might be a related to the development of the symptoms as HD progresses and due to 
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the specific symptoms across the AO-HD groups. For instance, JoHD is characterized 
by dystonia and rigidity, as opposed to the hyperkinetic symptoms of AHD and LoHD, 
thereby increasing the risk of acquired deformities (contractures). In this current 
study, we indeed demonstrated that pain caused by acquired deformities are the 
most frequently reported painful conditions in JoHD (Figure 4). Based on these 
findings, it can be proposed that the symptoms of HD influence the causes of pain 
and subsequently the prescribed analgesics.

Secondly, this study demonstrated that HD patients experience more pain burden 
compared with the general population (including individuals with and without pain). 
Remarkably, patients in the early, middle and late stage of HD experience more 
pain burden compared with normative data of chronic pain patients. A potential 
explanation of the increase of the pain burden could be due to the massive atrophy 
of the striatum in HD, consequently diminishing the pain inhibition.8,26 The third 
finding of this study, based on a LOESS curving fitted method, demonstrated indeed a 
significant and positive association between the pain and HD pathology score (disease 
burden). This is an indirect indicator of striatum pathology. This association should, 
however, be further studied since the amount of data was not sufficient to assess the 
association in the more advanced stages of HD. Despite the fact that patients with 
HD experience more pain burden, current study demonstrated, however, a significant 
lower proportion of analgesic use in patients in the late stage of HD compared with 
NMC (Figure 2). Based on this finding, the clinical field should be aware of the potential 
risk of undertreatment of pain in HD, especially in the later stages.

The retrospective and cross-sectional nature of this study is a limitation to assess 
potential causal relations between pain and HD. The self-reported verbal pain scales 
were not part of the core assessment in the RDS and Enroll- HD study. It might be 
that only patients capable of (reliable) reporting pain were assessed, increasing the 
risk for selection bias. The included self-reported pain scales are too limited for an 
adequate pain assessment and interpretation of data (such as the pain burden) should 
be done with caution. Finally, the HD-Integrated Staging System was not used to 
determine the different groups, due to the lack of the necessary imaging variables 
in both databases.35,36 As a result, in particular, premanifest participants cannot be 
definitively staged. Future studies may use an initial and promising algorithm to partly 
bypass this issue37, although for further subgroup differentiation, using PIN-HD (or 
CAG-age product) or TFC scores are still required.

On the other hand, to our knowledge, this study is the first of its kind assessing the 
prevalence of different pain outcomes and the pain burden across the entire spectrum 

4
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of HD. To do so, we used two large data sets of high quality including various pain 
outcomes. The use of these data sets, provided a unique opportunity to study pain 
in HD from different perspectives, consequently improving the generalisability of 
the findings.

More prospective studies, using different and more extended unidimensional and 
multidimensional self-reported pain scales, are warranted to investigate pain in HD. It is 
advised for future pain studies, particularly in severely affected patients, to use already 
validated non-verbal pain scales such as the numerical rating scale, facial pain scales 
and coloured analogue scales, because these are less cognitive demanding.38 Studies 
assessing the validity and reliability of self-reported and observational pain scales in HD 
are also required. In particular, the validity and reliability of observational pain scales, 
which play a key role in the pain assessment in the most affected patients. Promising 
preliminary results are present regarding the reliability of the Pain Assessment in 
Impaired Cognition scale (PAIC15) in HD, which is a recently developed observational 
pain scale.39,40 More studies with different experimental setups are, however, necessary 
to confirm these findings.

Finally, fundamental knowledge about the effect of HD on pain processing is essential 
for improving pain management regimens in HD. To our knowledge, the only 
available studies concerning this topic, demonstrated that pain processing seems 
to be prolonged in the manifest stage of HD compared with healthy controls.41,42 In 
addition, studies assessing the association between clinical symptoms of HD (such as 
cognitive and mood disturbances), the disease burden and pain can use, for instance, 
network modelling to expand fundamental knowledge.
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eMethods

Enroll study:
Data used in this work were generously provided by the participants in the Enroll-
HD study and made available by CHDI Foundation. Inc. Enroll-HD is a global clinical 
research platform designed to facilitate clinical research in Huntington’s disease. Core 
data sets are collected annually from all research participants as part of this multi-
center longitudinal observational study. Data are monitored for quality and accuracy 
using a risk-based monitoring approach. All sites are required to obtain and maintain 
local ethical approval.

Painful conditions:
To identify the painful conditions. a validated list of more than 9000 common pain 
conditions and their corresponding ICD-10 Clinical Modification (CM) codes was used 
and transformed to the original ICD-10 codes.1,2 As proposed by the United States 
National Pain Strategy (US-NPS). the painful conditions were clustered in conditions 
commonly associated with chronic pain like back pain; neck pain; limb/extremity 
pain (e.g. joint pain and non-systematic, non-inflammatory arthritic disorders); 
fibromyalgia; headache (e.g. migraine); orofacial, ear and temporomandibular disorder 
pain; abdominal and bowel pain; urogenital, pelvic and menstrual pain; chest pain; 
neuropathy; systematic disorders or diseases causing pain; other painful conditions 
(e.g. restless legs syndrome, acquired deformities, cancer-related pain); and conditions 
commonly associated with acute pain like fractures, sprains and strains.3

Analgesics and co-analgesics:
Analgesics and co-analgesics were represented by the ATC codes N01, N02, M01, 
M02, N05 (psycholeptics), N06A (antidepressants) and N03 (anti-epileptics).4 Both 
were only included if the indication for the drug corresponded to an ICD-10 pain 
condition or if words such as pain, -algia or analgesic therapy were used. Drugs used 
for pain, -algia or for analgesic therapy were also included as analgesic. (Co-) analgesics 
prescribed without an indication or indications such as fever, cardiovascular diseases, 
depression, anxiety or prophylaxis were excluded. Based on the generic name and 
the classification of the ATC, the (co-) analgesics were divided into groups (such as 
paracetamol, NSAIDs, opioids etcetera).

Statistical analysis:
Data of interest were extracted from the Enroll- HD study database using R software 
(version 4.3.1).5 All pain outcomes (pain interference, painful conditions and analgesic 
use) were dichotomized in order to calculate proportions. Unfortunately, there was 
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considerable missing data among the included variables. According to criteria 
definition, the missing data complies to Missing at Random (MAR).6,7 To account for 
missing outcomes, as a sensitivity analysis, we performed a 5-fold multiple imputation. 
The variables included in the imputation model were age, sex, region, CAG-repeat, 
UHDRS- Total Motor Score, Total Function Category, disease duration, pathology 
score (disease burden), group (across disease stage and ‘Age at symptom Onset’), 
depression and anxiety questionnaires, cognitive tests, SF12v2 (pain interference 
scale), SF36v1 and SF36v2, painful conditions and analgesic use. The custom method 
for scale variables was set on Predictive Mean Matching. The results from this analysis 
were very similar to those obtained by the complete case analysis, and therefore we 
reported only the latter in this study (see eImputed datasets). More data, supporting 
the findings of this study, are available from the corresponding author on request.
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Pain across the entire spectrum of Huntington’s disease
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Pain across the entire spectrum of Huntington’s disease
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Pain across the entire spectrum of Huntington’s disease
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Pain across the entire spectrum of Huntington’s disease
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Pain across the entire spectrum of Huntington’s disease
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CHAPTER 4

eTable 6. Prevalence of painful conditions and analgesic use across the different stage of HD 
demonstrated for each region in the PDS-5.

Painful conditions

Region NMC 
% (N°)

PreHDA 
% (N°)

PreHDB 
% (N°)

Early 
% (N°)

Middle 
% (N°)

Late 
% (N°)

Northern America 19 (2288) 21 (1077) 25 (928) 23 (1982) 20 (466) 19 (220)

Europe 17 (2477) 16 (1930) 20 (1419) 18 (4590) 15 (1246) 12 (1306)

Australasia 27 (159) 20 (169) 25 (155) 24 (189) 21 (61) 36 (6)

Latin America 17 (72) 0 (23) 21 (14) 8 (88) 7 (27) 5 (19)

Non-mutation carriers (NMC). Overall total sample size of group (N°)

Analgetica use

Region NMC 
% (N°)

PreHDA 
% (N°)

PreHDB 
% (N°)

Early 
% (N°)

Middle 
% (N°)

Late 
% (N°)

Northern America 14 (2288) 15 (1077) 19 (928) 22 (1982) 16 (466) 21 (220)

Europe 9 (2477) 8 (1930) 12 (1419) 10 (4590) 13 (1246) 14 (1306)

Australasia 10 (159) 8 (169) 15 (155) 14 (189) 12 (61) 21 (6)

Latin America 10 (72) 4 (23) 0 (14) 7 (88) 11 (27) 11 (19)

Non-mutation carriers (NMC). Overall total sample size of group (N°)

eImputed datasets
Please scan the following QR code or contact the author of this thesis.
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