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Abstract

Background: Unintended weight loss and decreased body mass indexes (BMIs) are common 

symptoms of individuals with manifest HD. It is unknown at what point during disease 

progression weight loss starts to accelerate relative to a healthy individual’s weight and when 

recommended interventions should be initiated to have the strongest impact on patient care.

Objective: The objective of this study was to identify a point in time relative to age at motor 

onset when the decline in weight in HD starts to accelerate relative to a non-HD population. The 

relationship between initiation of weight loss interventions and changes in weight loss was also 

explored.

Methods: Participants from the fifth version of the Enroll-HD study were identified for this 

research. Linear mixed-effects piecewise regression models were used to estimate the point in time 

relative to the reported age of motor onset in which BMI started to decline in participants with HD 

compared to healthy non-HD controls. A post-hoc descriptive analysis was performed to look at 

when nutritional supplements and swallow therapy were initiated in participants with HD relative 

to motor onset.

Results: BMI decline in the HD group began to accelerate compared to controls approximately 

5.7 years after the reported age of motor onset (95% CI: 4.7–6.9). The average initiation times of 

swallow therapy and nutritional supplements were 7.7 years (SD=5.5 years) and 6.7 years (SD=6.5 

years) after motor onset, respectively.

Conclusions: Our findings suggest a potential point for intervention of nutrition programs or 

therapies used to prevent future weight loss.
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INTRODUCTION

Huntington’s disease (HD) is an inherited disease characterized by striatal atrophy, cortical 

grey and white matter loss, and cortico-striatal loop dysfunction leading to motor, cognitive, 

and functional impairments.[1–6] However, additional symptoms occur in HD and are not 

readily explained by the observed neurodegeneration.[2, 3] Specifically, unintended weight 

loss and decreased body mass indexes (BMIs) are common symptoms of individuals with 

manifest HD.[7, 8] It has been suggested that weight loss in HD may be influenced by 

metabolic and mitochondrial disturbances[9–11] and a recent study has also suggested that 

mutant huntingtin in peripheral tissues may be sufficient to cause metabolic abnormalities 

independent of neurodegeneration.[12] Additionally, chorea associated with HD may 

contribute to an increased calorie deficit leading to increased weight loss. A higher BMI 

has also been associated with a slower rate of clinical progression.[13, 14] It is unknown at 

what point during disease progression weight loss starts to become more clinically relevant 

relative to a healthy individual’s weight. Current recommendations for treating weight loss 

in HD include assessment by a dietician or nutritionist, addressing abilities that may affect 

weight such as swallowing, behavior, or mood, and using high-calorie and high-protein food 

supplements or feeding tubes when more severe weight loss is identified.[15] However, 

it is unclear when in the disease course of HD these recommended interventions should 

be initiated to have the strongest impact on patient care. Anecdotally, practitioners caring 

for patients with HD seem to initiate weight-maintaining interventions only after clinically 

relevant weight loss has already begun. Maintaining weight prophylactically or at the earliest 

signs of unintended weight loss may help slow disease progression in HD and maintain a 

higher quality of life.

Using the largest cohort of participants with HD, we identified a point relative to disease 

onset where BMI starts to decline relative to a healthy control population. Three sensitivity 

analyses were also performed based on CAG length, sex, and initial major symptom of HD. 

We also compared the start dates of treatments affecting weight loss relative to disease onset 

to the change point identified. Such a study is critically important to better understand how 

weight changes in HD and to identify when the most beneficial time for implementation of 

treatments or interventions may be.

MATERIALS AND METHODS

Participants

Participants from the fifth version of the Enroll-HD study were identified for this research 

study. Enroll-HD is a global, multi-center, observational study.[16] All sites are required to 

obtain and maintain local ethical approval. There are more than 21,000 participants enrolled, 

consisting of both genetic mutation carriers and controls. Controls consist of family controls 

(family members or individuals not related to carriers by blood, such as spouses) and 
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genotype negative controls (first or second degree relative who is known not to carry the HD 

expansion mutation). Genetic mutation carriers can be split into premanifest HD (preHD) 

and manifest HD. Within the Enroll-HD database, participants with manifest HD have an 

estimated age of motor onset. At the time of enrollment into Enroll-HD, some participants 

were preHD and converted to manifest HD, some participants already had manifest HD at 

the time of enrollment, and some participants were preHD at their baseline visit and remain 

in the preHD group at the time of this analysis. The current analysis included participants 

who had presumably pheno-converted and had a reported age of motor onset, as well as 

non-HD controls (Figure 1).

The CAG repeat length for HD participants was restricted to those between 36 and 59 

and the age at motor onset had to be greater than 21 years old. This removes individuals 

with presumed juvenile-onset HD who may develop different symptoms [17] and may have 

different nutritional needs compared to those with adult-onset HD.[18,19] All participants 

were required to have a valid BMI measure and age at their baseline visit and a minimum of 

two study visits to be included in this study. Therefore, at baseline, some participants were 

already classified as having manifest HD while others were preHD at their baseline visit, but 

later converted to manifest HD while they were enrolled in the study.

Statistical Analysis

For the primary objective of this study, we used linear mixed-effects piecewise regression 

models to estimate the point in time relative to the reported age of motor onset in 

which BMI started to decline in participants with HD compared to healthy non-HD 

controls. A similar method has been used in Alzheimer’s disease to identify the onset of 

cognitive decline.[20] A profile likelihood approach, which identifies the change point using 

maximum likelihoods for the data observed, was used in this study. One knot was included 

in the model which allows for the change in BMI to differ at some time in the specified 

interval relative to disease onset. The model used for analysis is shown below for participant 

i at observation j:

BMIij Ageij − 52 + Ageij − 52 2 + Groupi + Ageij − 52 ∗Groupi + Ageij − 52 2∗Groupi + Sex
+ Ageij − AgeDxi − τ +

In this model, the Group variable is 1 for participants with a CAG repeat length of 36 

or greater and 0 for healthy controls. The variable ‘AgeDx’ is the reported age at motor 

diagnosis for participants with HD. The variable τ represents the change point, or the 

number of years relative to motor onset when BMI begins to decline. For the spline term, 

the value was 0 for non-HD controls or for a participant with HD at any observation where 

the age was less than the sum of the age at motor onset and the τ term. The spline term 

allows the trends of BMI to change in participants with HD at some point relative to motor 

onset. Models were fit over a range of τ values of 0.1-year increments starting at five years 

prior to motor onset and going to 10 years after motor onset. A quadratic spline term was 

tested in the model but removed due to non-significant effect. We centered age around 52 

years old, the mean age of all participants included in the analysis, to allow for interpretation 

of the intercept. Random intercepts and slopes were also included to account for correlation 
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between measurements of each individual and the intra-individual correlation in the rate of 

BMI change over time. This model allows for the groups to differ in both average BMI 

at baseline and the rate of change in BMI over time. Additionally, a diagonal covariance 

matrix was used. The optimal change point was chosen based on the model with the largest 

log likelihood of all models evaluated. After identifying the optimal change point, 1,000 

bootstrap dataset samples with replacement were drawn and the change point identification 

process was repeated to calculate a confidence interval for the identified optimal change 

point.

Three sensitivity analyses were performed. The first assessed the optimal change point for 

groups based on their CAG repeat length. Participants with HD were grouped into those with 

CAG lengths between 36 and 39, those with CAG lengths between 40 and 43, those with 

CAG lengths between 44 and 46, those with CAG lengths between 47 and 50, and those 

with CAG lengths between 51 and 59. Each CAG group was compared with the non-HD 

controls using the modeling described above to identify the optimal change point for each 

group. The second sensitivity analysis was a sex stratified analysis. An optimal change point 

was identified for both males and females using the modeling methods described above. The 

final sensitivity analysis assessed the difference in change point based on the participant’s 

initial major symptom of HD. Motor, cognitive, and psychiatric initial major symptoms were 

included, and an optimal change point was identified compared with non-HD controls.

A post-hoc descriptive analysis was performed to look at when nutritional supplements that 

may be used to prevent weight loss and swallow therapy were initiated in participants with 

HD relative to motor onset. Swallow therapy was determined using the non-pharmacologic 

data collected through the Enroll-HD study. Participants are given a list of nine potential 

therapies and report their use at each visit. Nutritional supplements with an ingredient 

name containing “carbohydrates”, “protein”, or “fat” were of interest. Medications and 

supplements with those ingredients from the nutritional supplement and pharmacologic 

therapy data files were identified. Both supplements and swallow therapy had a listed day 

of initiation relative to the baseline study visit. This value was used to calculate the age 

at which an individual initiated the intervention-of-interest. The difference between age at 

which an intervention was initiated and age at motor onset was then calculated. The age 

at which participants with HD initiated an intervention aimed at improving weight loss 

was investigated relative to the presumed age that weight loss begins to decline in patients 

with HD compared to controls from the primary analysis. R version 4.0.3 was used for all 

analyses and a p-value of 0.05 was used to indicate statistical significance.

RESULTS

There were 8,403 participants with HD and 3,256 non-HD participants included in the 

primary analysis. Table 1 shows the age, sex, and BMI values at baseline for participants 

with HD and non-HD controls. There were significant differences in both age and BMI 

at baseline between the two groups. The table also describes the CAG length and age at 

motor onset for the participants with HD. Using the model described above, we found that 

BMI in the HD group began to decline approximately 5.7 years after the reported age of 

motor onset. Figure 2 is a graphical depiction of the log likelihood values plotted against 
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values of the change point (τ) with the peak at 5.7 years. The 95 percent confidence interval 

calculated using the bootstrapped samples is 4.7 to 6.9 years after motor onset. The results 

of the final model are found in Table 2. To visualize the model, a plot was created using the 

effect estimates from the model with male, non-HD controls as the control group and male 

participants with HD who had an age at motor onset of 46 years as the comparison group 

(Figure 3). Raw data was plotted with the results from the model for individuals who meet 

the criteria of each group listed above.

For the sensitivity analysis comparing different CAG groupings compared to controls, the 

change point was further from onset in those with lower CAG lengths, except for the group 

of those with a CAG length of 36 to 39. Figure 4 shows the trajectories for each CAG 

grouping using the average age at onset for that group from the data. The average age at 

motor onset was 59 years old for the CAG 36 to 39 group, 52 years old for the CAG 40 

to 43 group, 41 years old for the CAG 44 to 46 group, 34 years old for the CAG 47 to 

40 group, and 27 years old for the CAG 51 to 59 group. The change points were 9.8 years 

after onset for those with a CAG length between 40 and 43, 6.5 years after onset for those 

with a CAG length between 44 and 46, 5.3 years after onset for those with a CAG length 

between 47 and 50, and 5.4 for those with a CAG length between 51 and 59. For those 

with a CAG length of 36 to 39, the change point was 4.0 years prior to onset. One potential 

explanation for the change point being prior to onset in those with a CAG length of 36 to 

39 is the relatively small number of participants in this group (n=274). Another possible 

explanation is that the mean BMI seems to decrease in the non-HD control group near the 

age of 65, as seen in Figure 3. For those in the CAG length of 36 to 39 group, it is more 

likely that participants may have motor onset after the age of 65. Consequently, it is unclear 

if the observed decrease in BMI that begins near the age of 65 in the CAG length of 36 to 39 

group (Figure 4) is age-dependent or a consequence of the expanded CAG repeat. This may 

explain why the identified change point in the CAG length of 36 to 39 group occurred prior 

to the average age of onset. For the sensitivity analysis comparing males and females, males 

had a change point of 5.5 years after onset compared to 7.5 years after onset for females. For 

the sensitivity analysis comparing motor, cognitive, and psychiatric initial major symptoms, 

those with a motor initial symptom had a change point of 5.7 years after onset compared to 

4.1 years after onset for those with a cognitive initial symptom and 6.5 years after onset for 

those with a psychiatric initial symptom.

There were 502 participants with HD who reported initiating swallow therapy. The average 

initiation of that therapy was 7.7 years after motor onset (SD=5.5 years). When removing 

individuals who had swallow therapy prior to their motor diagnosis, the average initiation 

of the therapy was 8.0 years after motor onset (SD = 5.3 years). There were only 11 

participants with HD who started swallow therapy prior to their reported motor onset. There 

were no significant differences between those individuals and those who started therapy 

after onset with respect to sex, CAG length, or age at onset. However, the age at onset was 

approximately 6 years later in those who started therapy prior to onset than in those who 

started after (52.7 years compared to 46.3 years, p = 0.062). When compared to the change 

point identified in the previous analysis, swallow therapy was initiated approximately two 

years after the initial acceleration in decline of the BMI.
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There were 1,138 participants with HD who used a nutritional supplement product with 

carbohydrates, fats, or proteins. The average time of initiation of those supplements was 

6.7 years after motor onset (SD = 6.5 years). Based on our primary analysis showing that 

BMI decline accelerates about 5.7 years after motor onset, nutritional supplements were 

not initiated until about 1 year after the identified change inflection point. Of the 1,130 

participants who used a nutritional supplement, 108 started a nutritional supplement prior to 

disease onset. These participants had a lower mean CAG length (42.9 compared to 44.2, p < 

0.001) and later age at motor onset (50.1 years compared to 45.6 years, p < 0.001) relative 

to the participants who began taking nutritional supplements after motor onset. There was 

no significant difference in sex distribution between the two groups. It is unclear if these 

participants initiated nutritional supplements due to unintended weight loss or for other 

reasons. When looking only at the participants who initiated nutritional supplements after 

their reported motor onset, though, the average time of initiation of the supplements was 8.0 

years after motor onset (SD = 5.2 years), which was more than 2 years after the beginning of 

acceleration in the decline of BMI.

DISCUSSION

This study used the largest cohort of participants with HD to show that acceleration in 

weight loss begins, on average, 5.7 years after the onset of motor symptoms of HD. 

Previous studies have described the pattern of weight loss in HD, but very little information 

exists regarding when in the disease course of HD that acceleration of weight loss begins. 

Therefore, these results fill a significant gap in our current knowledge regarding the potential 

timing of treatment for weight loss of patients with HD. Specifically, weight loss has been 

identified as a common symptom of HD, particularly in late stages of disease, and can 

lead to the use of a feeding tube or other invasive methods to prevent significant loss. 

Preventing or postponing the use of these measures may help increase patient quality of life 

and decrease the burden on patient caregivers. Our findings suggest a potential point for 

intervention of nutrition programs or therapies used to prevent future weight loss. Treatment 

information for swallow therapy and carbohydrate supplements showed that participants 

with HD initiated these therapies approximately two years after the time that the accelerated 

decline in BMI based on the change point analysis. This suggests that there may be a delay 

between weight loss symptoms and the initiation of treatment. Earlier intervention, even 

prior to the onset of acceleration in weight loss, may slow the acceleration of significant 

weight loss in HD and improve patient quality of life. Additionally, given that higher BMIs 

have been shown to be associated with slower disease progression of HD[13, 14], earlier 

interventions aimed at slowing unintended weight loss may actually slow the progression 

of HD. The results of this study also support previous work that rate of decline in BMI 

may be dependent on CAG length.[13] These results showed that the time from onset to 

acceleration in weight loss was longer for those with lower CAG lengths and shorter for 

those with higher CAG lengths. There were also differences in the change point based on sex 

with women having a longer period of time between onset and acceleration of weight loss. 

These results support future exploration of factors that would affect rate of weight loss to 

identify groups at the highest risk for more extreme declines in weight.
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Many studies have shown that patients with HD, in any stage, have lower BMI values than 

healthy controls.[11, 21–23] There have also been studies that have shown patients with 

HD have lower BMI values even though dietary intake is similar to healthy controls.[24, 

25] Data from this study also suggest that participants with HD have lower BMI values 

and may not have weight trajectories similar to controls prior to the acceleration in weight 

loss (Figure 3). This could suggest that implementing weight management strategies in the 

prodromal or early stages of the disease may provide additional benefit. Additional studies 

are required to validate these hypotheses, though. In Parkinson’s disease, weight loss has 

been associated with a decreased quality of life[26] and it can be hypothesized that similar 

effects may be seen in HD. Previous studies have identified effective diets and strategies to 

curb unintended weight loss in patients with neurodegenerative diseases.[27–29] Our results 

build on those previous studies by demonstrating that earlier validated therapies may have a 

positive impact on patients with HD.

This study does have limitations. First, treatment for symptoms of HD rely heavily on 

individual need. In this analysis, we identified the mean time at which patients with HD 

experience significantly accelerated weight loss compared to healthy controls. However, 

these results are based on a group analysis and do not necessarily reflect the needs of 

each individual patient with HD. Provider judgement is necessary on determining a healthy 

weight for each individual patient and treatments should be identified based on plans for 

specific patients. The results from this study emphasize that conversations about potential 

acceleration of weight loss may need to occur prior to signs of accelerated weight loss 

for potential benefit of the patient. Another limitation is that covariates that involve diet, 

physical activity, or body composition are not present in the Enroll-HD study which 

could help explain some of the results seen here. It is also unknown how the presence 

of psychiatric comorbidities could affect trends in BMI over time. Another limitation is 

all information about treatments and therapies are self-reported by study participants. It 

is possible that participants with HD addressed potential weight loss prior to the use 

of swallow therapy or nutritional supplements that are not included or recorded in the 

Enroll-HD study. The therapies are also not defined by set criteria, so swallow therapy 

may be dependent on a participant’s knowledge of what may be considered swallow 

therapy. Additionally, it is unknown what the indication was for both swallow therapy and 

supplement use. Patients with HD may have initiated swallow therapy due to dysphagia and 

not symptoms of weight loss. While dysphagia may affect the ability to maintain caloric 

intake, there are also many patients who may experience weight loss without the decrease in 

caloric intake or signs of dysphagia.

Despite these limitations, this study has many strengths. One of these strengths is the sample 

size used for analysis, as the Enroll-HD study is the largest of its kind for patients with HD. 

Another strength is the use of robust methods to identify unknown change points without 

a priori knowledge or assumptions and a bootstrapping approach to calculate unbiased 

standard errors and confidence intervals. Overall, the present study provides some of the 

first evidence about when in the disease course of HD acceleration in weight loss becomes 

significant. Furthermore, interventions aimed at potentially slowing or preventing further 

weight loss were not initiated until approximately two years after weight loss began. Future 

work to further assess the acceleration of weight loss in HD may focus on the identification 
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of subgroups more likely to experience greater acceleration of weight loss, such as BMI 

prior to disease onset, and whether weight loss and therapy use is associated with changes 

in quality of life for both patients and their families. Additional work should also explore 

the association between weight loss and other common symptoms of HD, such as cognitive 

and psychiatric changes. Given that previous studies allow us to presume that maintenance 

of weight may slow disease progression and improve quality of life in HD, the results may 

provide practitioners new insights into the timing of treatment for weight loss in patients 

with HD.
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Figure 1: Participant Inclusion Flow Chart
Figure 1 presents the implementation of inclusion and exclusion criteria for all participants 

in this study.
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Figure 2: Identification of Optimal Change Point Using Log Likelihood
Figure 2 displays a graph of the log likelihood value for each potential change point in years 

relative to motor onset. The optimal change point is identified as the point with the greatest 

log likelihood value.
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Figure 3: Trajectories of BMI Over Time using the Optimal Change Point Model
Figure 3 presents a graph of the optimal change point model for male participants with HD 

and non-HD controls. Male HD participants had an age at motor onset of 46 years. Raw data 

are also plotted in the background and the change point is indicated with a dashed black line.

Abbreviations:

BMI: Body Mass Index

HD: Huntington’s disease

Ogilvie et al. Page 12

J Huntingtons Dis. Author manuscript; available in PMC 2022 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4: Trajectories of BMI Over Timing by CAG Length using the Optimal Change Point 
Model
Figure 4 presents a graph of the optimal change point model for male participants stratified 

by CAG groupings. Age at onset varied for each group based on the average age at onset for 

the group from the data. Raw data are also plotted in the background. The change points are 

indicated with a dashed line.

Abbreviations:

BMI: Body Mass Index

CAG: Cytosine-Adenine-Guanine
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Table 1

HD N = 8403 Non-HD N = 3256 P-Value

Age, mean (SD) 50.9 (12.4) 47.6 (14.6) < 0.001

Sex – Male, N (%) 4026 (47.9) 1236 (38.0) < 0.001

CAG, mean (SD) 43.6 (3.1) 20.2 (3.7) < 0.001

BMI, mean (SD) 25.1 (4.9) 27.9 (6.2) < 0.001

Age at Motor Onset, mean (SD) 46.6 (11.4) NA NA
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Table 2

Variable Estimate 95% Confidence Interval p-value

Intercept 28.77 (28.63, 28.91) < 0.001

Age 0.048 (0.039, 0.057) < 0.001

Age2 −0.0037 (−0.0045, −0.0029) < 0.001

Sex 0.69 (0.61, 0.77) < 0.001

Group −3.50 (−3.66, −3.34) < 0.001

Age*Group −0.020 (−0.0079, −0.032) 0.024

Age2*Group 0.0030 (0.0021, 0.0039) < 0.001

Spline −0.16 (−0.18, −0.14) < 0.001
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