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ABSTRACT 
Background:  Huntington’s disease (HD), caused by an expanded CAG repeat at HTT, has no treatment, and biomarkers are needed for future 
clinical trials. Objective:  The objective of this study was to verify if free carnitine and branched chain amino acids levels behave as potential 
biomarkers in HD. Methods:  Symptomatic and asymptomatic HD carriers and controls were recruited. Age, sex, body mass index (BMI), 
age of onset, disease duration, UHDRS scores, and expanded CAG tract were obtained; valine, leucine, isoleucine, and free carnitine were 
measured. Baseline and longitudinal analysis were performed. Results:  Seventy-four symptomatic carriers, 20 asymptomatic carriers, and 
22 non-carriers were included. At baseline, valine levels were reduced in symptomatic and asymptomatic HD carriers when compared to 
non-carriers. No difference in free carnitine or isoleucine+leucine levels were observed between groups. BMI of symptomatic individuals 
was lower than those of non-carriers. Valine levels correlated with BMI. Follow-up evaluation was performed in 43 symptomatic individuals. 
UHDRS total motor score increased 4.8 points/year on average. No significant reductions in BMI or valine were observed, whereas free 
carnitine and isoleucine+leucine levels increased. Conclusions:  Although valine levels were lower in HD carriers and were related to BMI 
losses observed in pre-symptomatic individuals, none of these metabolites seem to be biomarkers for HD. 

Keywords: Biomarkers; Amino Acids, Branched-Chain; Carnitine; Huntington Disease; Weight Loss.

RESUMO 
Introdução:  A doença de Huntington (DH), causada por uma repetição CAG expandida no HTT, não possui tratamento e biomarcadores 
são necessários para futuros ensaios clínicos. Objetivo:  Nosso objetivo foi verificar se os níveis de carnitina livre e aminoácidos de cadeia 
ramificada se comportam como potenciais biomarcadores na DH. Métodos:  Portadores sintomáticos e assintomáticos e controles foram 
recrutados. Idade, sexo, índice de massa corporal (IMC), idade de início, duração da doença, escores UHDRS e trato CAG expandido foram 
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Huntington’s disease (HD) is an autosomal dominant neu-
rodegenerative disorder, caused by an expanded CAG tract at 
HTT1. HD is characterized by chorea, behavioral and cogni-
tive deterioration, and a progressive course. Identifying bio-
markers of HD progression is critical in the context of devel-
oping disease-modifying drugs, especially if they are sensitive 
and accurate enough to detect early stages of the disease. 
Among  other candidates, energy deficiency and changes in 
metabolism were proposed, considering they might have 
a potential role in the complex pathophysiological mecha-
nisms underlying neurological deterioration in HD2.

Carnitine is a metabolite derived from amino acids and 
plays a critical role in energy production, transporting long-
chain fatty acids into the mitochondria, and toxic com-
pounds out of this organelle3. Decline in mitochondrial func-
tion has been associated with aging, as well as with HD4. 
Carnitine  concentration declines with age, reducing the 
integrity of the mitochondrial membrane3; this effect might 
be potentiated in HD5. Although carnitine does not partici-
pate directly on the energy resources used by the central 
nervous system (CNS), early findings related deficits of this 
metabolite to HD. Cuturic et al. reported low serum levels of 
carnitine in 26% (6/23) institutionalized HD patients5.

Branched chain amino acids (BCAAs) - valine, leucine 
and isoleucine - are essential to promote protein synthesis 
and turnover, as well as to energetic metabolism. BCAAs par-
ticipate in mitochondrial intermediary metabolism and have 
physiological roles in both the immune system and brain 
functions6. Several studies demonstrated that BCAAs plas-
matic levels were low in HD patients7-9. Underwood et al. per-
formed a chromatographic spectrometry of several metabo-
lites to determine the metabolic profile of HD and found low 
levels of valine, leucine and isoleucine, both in asymptomatic 
and symptomatic HD carriers, suggesting a catabolic state 
early in the disease7. Similarly, Mochel et al. found decreased 
plasmatic levels of valine, leucine and isoleucine in HD symp-
tomatic individuals, compared with controls. BCAAs levels 
were correlated both with weight loss and disease severity, 
measured by UHDRS8.

Although carnitine and BCAAs were proposed as candi-
date biomarkers of disease onset (in at-risk individuals) and/or 

obtidos; valina, leucina, isoleucina e carnitina livre foram medidas. Foram realizadas análises basal e longitudinal. Resultados:  Setenta e 
quatro portadores sintomáticos, 20 portadores assintomáticos e 22 não portadores foram incluídos. No início do estudo, os níveis de valina 
estavam reduzidos em portadores de DH sintomáticos e assintomáticos quando comparados aos não portadores. Não foram observadas 
diferenças nos níveis de carnitina livre ou isoleucina + leucina entre os grupos. O IMC dos indivíduos sintomáticos foi menor que o dos não 
portadores. Níveis de valina correlacionaram-se com o IMC. Avaliação de acompanhamento foi realizada em 43 indivíduos sintomáticos. 
A pontuação do escore motor total da UHDRS aumentou 4,8 pontos/ano em média. Não foram observadas reduções significativas no IMC 
ou na valina, enquanto os níveis de carnitina livre e isoleucina+leucina aumentaram. Conclusões:  Embora os níveis de valina tenham sido 
menores nos portadores de DH e estivessem relacionados às perdas de IMC observadas em indivíduos pré-sintomáticos, nenhum desses 
metabólitos parece ser biomarcador para a DH. 

Palavras-chave: Biomarcadores; Aminoácidos de Cadeia Ramificada; Carnitina; Doença de Huntington; Perda de Peso.

functional and motor progression in HD (in the symptomatic), 
longitudinal observations for symptomatic and pre-symptom-
atic phases of the disease are still missing. Our aims were to 
verify whether free carnitine and BCAAs plasmatic levels were 
decreased in HD mutation carriers, and whether those levels 
decreased progressively throughout 12-month follow-up.

METHODS

Population
Symptomatic individuals with molecular diagnosis of HD 

and their relatives at 50% risk of developing HD were invited to 
participate in this study. At-risk relatives who were not previ-
ously included in pre-symptomatic testing (PST) were blinded 
to molecular results; those who decided to receive their results 
were referred to the PST programs at our institutions.

Procedures
Baseline observations occurred between June 2014 and 

December 2015 and included clinical observations and 
blood collection for metabolic analyses and molecular stud-
ies. A second observation was performed 12 months later in 
symptomatic individuals only, when another blood sample 
was collected for metabolic analyses.

Age, sex, body mass index (BMI) (weight in kilograms 
divided by height in square meters), and blood sample col-
lections were obtained from each individual at baseline. 
Additional data, such as age of onset (AO), disease dura-
tion (DD) since the beginning of chorea, and whole Unified 
Huntington’s Disease Rating Scale (UHDRS) were obtained 
from symptomatic subjects. In symptomatic carriers, BMI, 
blood collections, and UHDRS were obtained 12 months later. 
CAG repeated length of normal and expanded HTT alleles 
were obtained for all individuals, as previously described10.

Blood samples were collected in a filter paper for free carni-
tine and BCAAs analyses. Samples from at-risk individuals were 
collected only at baseline, whereas samples from symptom-
atic carriers were collected at both baseline and at 12-month 
follow-up. Free carnitine and BCAAs were analyzed by liquid 
chromatography coupled with mass spectrometry (LC/MS/
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MS), using multiple reaction monitoring (MRM). The individu-
als were fasting for at least 2 hours by the time of blood collec-
tion, done after all clinical evaluations. Results were expressed 
in μmol/L; levels of isoleucine and leucine were given as a sin-
gle value (isoleucine+leucine) because our method did not 
allow the separation of leucine from isoleucine.

Analysis
Free carnitine and BCAAs (studied as candidates for 

biomarkers in HD) were the primary endpoints both in the 
symptomatic (cross-sectional and longitudinal observations) 
and asymptomatic (cross-sectional) groups. Total Functional 
Capacity (TFC) and Total Motor Score (TMS) scales were 
used as gold standards against which candidate biomarkers 
were compared. CAP (CAG Age product) score, expanded 
CAG, DD and AO were independent variables that determine 
disease severity.

All researchers but the principal investigator (PI) (LBJ) 
were kept blind to the results of molecular testing of at-risk 
individuals and to the biochemical results of both at-risk and 
symptomatic individuals. The PI added them to the data-
base at the end of the study duration and turned all data 
anonymous.

Subjects were divided into three groups: symptomatic car-
riers, asymptomatic carriers, and related controls. They were 
then compared in a cross-sectional design. For  correla-
tion studies, all expanded CAG tract carriers had their CAP 
score calculated.

Mean/standard deviation (SD) and median/interquar-
tile range (IQR) were used according to sample distribution; 
nonparametric/parametric statistical tests were chosen as 
appropriate. A generalized estimating equation (GEE) model 
was fitted to estimate the progression of severity scales, BMI, 
free carnitine and BCAAs in the longitudinal observation of 
the symptomatic groups. Time was coded as 0 (baseline) or 
1 (one year of study). All analyses were carried out using the 
SPSS 18 statistical software package (SPSS Inc., Chicago, IL). 
The significance level was 0.05.

Compliance with Ethics Standards
An informed consent was obtained from all participants. 

This study was approved by the Ethics Committee (EC) from 
our institution (Comitê de Ética em Pesquisa do Hospital de 
Clínicas de Porto Alegre) and by the EC from Hospital São 
Paulo (UNIFESP) and Hospital Graffrée e Guinle (UNIRIO).

RESULTS

Cross-sectional findings:  
differences between groups

One hundred and sixteen individuals (of which 68 females) 
from 69 HD families were included in the present study: 74 were 
symptomatic expanded CAG tract carriers, 20 were asymp-
tomatic carriers, and 22 were non-carriers (related controls). 
General characteristics of this cohort are presented in Table 1.

SD: standard deviation; anumber of individuals who had body mass index (BMI) calculated: symptomatic (n=70), asymptomatic (n=19), non-carriers (n=21); 
IQR: interquartile range.

Table 1. General characteristics of groups under study — non-carriers, asymptomatic, and symptomatic carriers.

All Non-carriers Asymptomatic 
carriers

Symptomatic 
carriers p-value

n (% Female) 116 (68) 22 (15) 20 (13) 74 (37) 0.216 (χ2)

Age (mean±SD) 45.9±13.1 40.8±13.7 35.3±11.3 50.3±11.2 <0.001 (Anova)

BMI (kg/m2)a

median (IQR)
Normal range: 18.5-24.9

23.4 (20.9-26.4) 26.7 (22.7-30.35) 23 (20.5-26.2) 23.25 (20.85-25.2) 0.006 (Kruskal-Wallis)

Free carnitine (µmol/L)
median (IQR)
Normal range: 22.2-54

30.9 (25.55-37.8) 33.5 (28.7-40.45) 30.35 (26-35.7) 28.7 (25.1-38.6) 0.274 (Kruskal-Wallis)

Valine (µmol/L)
median (IQR)
Normal range: 48.8-141

112.5 (89.8-133) 123 (98.65-164.25) 101.25 (79.6-123.5) 110 (88.4-131) 0.045 (Kruskal-Wallis)

Isoleucine+leucine (µmol/L)
median (IQR)
Normal range: 41.6-110

76.7 (65.15-91.9) 84.6 (67.2-106.25) 75.2 (61-91.2) 75.6 (63.5-89.3) 0.231 (Kruskal-Wallis)

Expanded CAG
median (IQR) - - 43 (41.25-44.75) 44 (43-46.25) 0.034 (Mann-Whitney)

CAP score (mean±SD) - - 72.2±23.3 116±18 <0.001
(t-test)

Age at onset (mean±SD) - - - 41.5±11.2

Castilhos RM et al. Biomarkers in Huntington’s disease
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At baseline, valine levels (median, IQR) were reduced 
in both asymptomatic carriers (101.2, 79.6-123.5 μmol/L) 
and HD patients (110.0, 88.4-131.0 μmol/L) when compared 
to non-carriers (123.0, 98.7-164.2 μmol/L) (p=0.018 and 
p=0.042, Mann-Whitney). No differences in free carnitine 
or isoleucine+leucine levels were seen between groups (ns, 
Kruskal-Wallis) (Table 1 and Figure 1). BMI of symptomatic 
individuals were lower than those of non-carriers (p=0.005, 
Kruskal-Wallis). No difference was found between non-carri-
ers and asymptomatic carriers (ns, Kruskal-Wallis) (Table 1 
and Figure 2).

Eight symptomatic HD patients had low levels of free car-
nitine at baseline (range: 13.9-21.9 μmol/L). Their AO was 
lower (32.0±12.7 vs 42.4±10.7 years, p=0.028, t-test) and dis-
ease duration was longer (12.8±5.7 vs 8.4±6.0 years, p=0.045, 
Mann-Whitney) than symptomatic subjects with normal 
free carnitine. BMI, expanded CAG tract, CAP score, and 
all subscales of UHDRS were similar between low and nor-
mal free carnitine symptomatic subgroup (ns, t-test and 
Mann-Whitney).

To clarify whether free carnitine and BCAAs var-
ied according to disease severity, correlations were tested 
between them and the independent variables under study: 
CAP score, expanded CAG tract and BMI, in all carriers; 
and against AO, DD and UHDRS, in symptomatic individu-
als (Table 2). Associations with free carnitine levels were not 
found; although valine correlated with AO (rho=0.315, p<0.05; 
p=0.34 after Bonferroni), with BMI (0.306, p<0.05; p=0.55 after 
Bonferroni) and isoleucine+leucine correlated with BMI of 
HD carriers (rho=0.212, p<0.05; p=0.66 after Bonferroni), none 
was done with measures of disease progression: UHDRS sub-
scales and DD.

Valine and isoleucine+leucine levels were strongly cor-
related (rho=0.815, p<0.0001; p=0.0055 after Bonferroni). 
Free  carnitine was correlated with isoleucine+leucine 
(rho=0.261, p<0.025, p=1.3 after Bonferroni), but unrelated to 
valine (ns, Spearman).

Longitudinal observations
In 43 symptomatic individuals, a follow-up evaluation was 

obtained after a median (IQR) interval of 1.1 years (1.0-1.2) 
(Table 3).

Two scales of clinical severity, UHDRS total motor score 
and Total Functional Capacity (TFC), were chosen to dem-
onstrate the disease progression within the studied inter-
val. UHDRS total motor score increased by an average of 
4.8 points (p=0.001, GEE) and TFC decreased by an average 
of 0.89 points (p<0.0001, GEE) between evaluations (Table 2).

In this time interval, BMI (p=0.52, GEE) and valine (p=0.43, 
GEE) remained unchanged. Curiously, significant increases in 
free carnitine (p=0.039, GEE) and in isoleucine+leucine levels 
(p=0.037, GEE) were registered in the period (Figure 3).

DISCUSSION

Valine was reduced in HD carriers, for both symptomatic 
or asymptomatic, whereas isoleucine+leucine and free carni-
tine were not related to HD in the present cohort. In a pro-
spective follow-up after one year, while UHDRS motor and 
functional scores worsened significantly, neither free carni-
tine nor BCAAs (especially valine) levels changed in symp-
tomatic individuals. In contrast, within the same interval, 
free carnitine and isoleucine+leucine levels even increased, 

Figure 1. Levels of free carnitine, valine and isoleucine+leucine 
in non-carriers, asymptomatic, and symptomatic carriers of 
expanded CAG at HTT.
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Table 2. Associations between the candidate biomarkers free carnitine and BCAAs and independent variables of disease severity 
at baseline. 

Free 
Carnitine 

Branched chain amino acids
BMIa (kg/m2)

Valine Isoleucine+leucine

All expanded CAG 
carriers (n=94)

Expanded CAG ns ns ns ns

CAP score ns ns ns ns

BMI (n=89) ns ns 0.212* -

Symptomatic 
expanded CAG 
carriers (n=74)

Age of onset ns 0.315* ns ns

Disease duration ns ns ns ns

BMI (n=70) ns 0.306* 0.298* -

UHDRS 

Total motor score ns ns ns -0.376**

Total cognition score ns ns ns 0.427**

Functional assessment score ns ns ns 0.435**

Independence score ns ns ns 0.417**

Functional capacity ns ns ns 0.355**
abody mass index (BMI); *p<0.05, Spearman; **p<0.001, Spearman; UHDRS: Unified Huntington’s Disease Rating Scale.

Table 3. Results observed on BMI, severity scales and free carnitine, valine and isoleucine+leucine on baseline and at 1.08 years 
of follow-up.

Baseline (n=74) Follow-up (n=43) Mean (standard error of variation) p-value

Body mass index (kg/m2) median (IQR) 23.25 (20.85-25.2) 23.9 (20.95-26.45) -0.12 (0.36) 0.52

Total motor score mean (SD) 53 (33.75-76.25) 58 (36-76) +4.8 (1.55) 0.001

Total Functional Capacity median (IQR) 5 (2-9) 5 (2-8) -0.89 (0.21) <0.0001

Free carnitine (µM/L) median (IQR) 28.7 (25.1-38.6) 36.2 (28.7-40.2) +4.15 (1.41) 0.039

Valine (µM/L) median (IQR) 110 (88.4-131) 109 (95-126) +1.8 (5.11) 0.43

Isoleucine+leucine (µM/L) median (IQR) 75.6 (63.5-89.3) 83.2 (72.3-99.2) +7.98 (4.08) 0.037

IQR: interquartile range; SD: standard deviation.

possibly secondary to improvements in the care provided to 
patients during the study.

Although no clear-cut relationship between BCAAs and 
HD pathology can be postulated, several reports that evalu-
ated amino acids in the context of a more widespread search 
for metabolic biomarkers related altered levels of BCAAs 
to this disorder7-9. Reduced levels of BCAAs were found in 
some7-9, but not in other studies11. Worth mentioning, lon-
gitudinal observations of BCAAs levels on HD were not per-
formed before this present cohort. Our baseline observations 
indicated that valine levels were reduced in HD carriers, inde-
pendently from the symptoms status, and showed a trend 
to correlate with AO and BMI. Less studied than BCAA in 
HD5,11, carnitine levels were formerly found to be reduced on 
advanced stages of disease5. Fatty acids are not used for CNS 
energy generation; a very speculative relationship between 
this metabolite and HD could be conceived through its 
role in transporting toxic compounds out of mitochondria. 
Despite  this potential “rationale”, we did not find any links 
between free carnitine and HD characteristics, except in later 
stages of disease. Even then, free carnitine levels were not 
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Figure 3. Boxplot of free carnitine, valine and isoleucine+leucine 
at baseline and follow-up.
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related to expanded CAG tract, DD, CAP score, or severity 
scales. These cross-sectional findings suggest that carnitine 
deficiency can be a secondary and late complication, prob-
ably non-specific for HD, but common to other long-standing 
neurodegenerative disorders12. Considering carnitine defi-
ciency might be detrimental to metabolite status, it should 
be screened and treated at least in late stages of HD.

We tested if these candidate biomarkers changed lon-
gitudinally after one year. UHDRS and BMI were chosen 
to be the standard variables to follow disease progression. 
BMI  has a well-established relationship with HD8, and also 
due to the fact that it was a way to relate metabolites under 
study-free carnitine and BCAAs - to a reasonable and accept-
able pathophysiological mechanism already associated with 
HD - energy impairment.

As expected, symptomatic individuals showed a pro-
gression of UHDRS total motor score and of TFC; the dete-
rioration observed was similar to those observed in larger 
cohorts13. Just like previous studies have shown, BMI was 
already reduced in asymptomatic carriers, suggesting that a 
change in metabolism occurs even before the onset of motor, 
cognitive, or behavioral symptoms8.

BMI and valine did not change significantly among symp-
tomatic individuals after one year, in the prospective obser-
vation. This result might suggest that both characteristics are 
indeed associated, although we were not able to confirm their 
significance (Table 1). On the other hand, free carnitine and 
isoleucine+leucine showed increased plasmatic levels in the 
follow-up assessment. There is no objective reason for this 
finding, unless an unnoticed improvement in the general care 
offered to these patients.

Some limitations can be attributed to our study. First, the 
individuals were fasting for at least 2 hours by the time of blood 
collection. We know this is not enough and that  fast/ fed state 
could interfere with BCAAs and free carnitine levels. According 
to experiments done by Ottosson et al.14, BCAA levels return 
to fasting levels up to 3 hours after meals, so it is possible that 
some interference has occurred. A confounding bias related to 
fast/fed state could potentially induce to errors of interpreta-
tion if unbalanced fast/fed states occurred (a) between groups 
(HD and controls), or (b) between the two evaluations (base-
line and follow-up). In the (a) scenario, the group with a higher 
rate of individuals fed would present higher levels of all BCAA. 

Since we only detected reduced levels of one BCAA (valine) 
in one group, (a) scenario seemed unlikely. In the (b) sce-
nario, differences in fed state between baseline and follow-up 
evaluations could be responsible for changes in BCAA levels, 
falsely attributed to disease progression (either reductions or 
increases). Since we detected an unexpected increase in free 
carnitine and isoleucine+leucine levels after one year, we can-
not rule out that HD symptomatic subjects would be better 
fed at follow-up. Second, we have performed only one follow-
up assessment in symptomatic carriers, and the observation 
period might have been too short. A longer period of obser-
vation could have detected the velocity of BMI and maybe 
of valine reduction in HD. However, since none of the candi-
dates was related to DD, it is unlikely that a longer observa-
tion period could reveal that free carnitine or BCAAs, espe-
cially valine, would be good biomarkers to be used in clinical 
trials. Third, sample size might had been a problem if a trend 
to associate one of our candidate biomarkers to UHDRS pro-
gression has been raised, but not proved. In fact, we recruited 
a substantial number of participants, considering the HD 
families detected in our study centers15. Despite that, no trend 
between biomarkers and disease progression was detected. 
Fourth, our BCAAs evaluation method did not allow separa-
tion of leucine from isoleucine. Nonetheless, previous litera-
ture data did not suggest that a potential stability of one amino 
acid could mask the effect of the other. Finally, a prospective 
evaluation of the asymptomatic carriers was not carried out. 
Although lack of differences at baseline between BCAA levels 
from symptomatic and asymptomatic carriers led us not to 
expect significant changes in asymptomatic carriers after cer-
tain time, there was no other way to prove it than by following 
these subjects longitudinally.

In conclusion, although plasmatic levels of valine were 
shown to be lower in HD carriers and potentially related to 
BMI losses observed even in pre-symptomatic individuals, 
neither BCAA nor free carnitine were proven to be good bio-
markers for HD.
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