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Background: Huntington's disease (HD) is a neurodegenerative disorder
associated with progressive motor, cognitive, and psychiatric dysfunction.
Peripheral metabolic disturbances, including malnutrition, are commonly
observed in HD. However, the prevalence, clinical correlations, and prognostic
value of malnutrition in HD, especially among Chinese patients, remain
inadequately explored.

Methods: This cohort study recruited 113 genetically confirmed HD patients
and 113 age/sex-matched healthy controls (HCs). Nutritional status was assessed
using the Controlling Nutritional Status (CONUT) score, Geriatric Nutritional
Risk Index (GNRI), and Prognostic Nutritional Index (PNI). Clinical evaluations
included Unified Huntington's Disease Rating Scale (UHDRS), cognitive tests,
and psychiatric assessments. Kaplan-Meier survival analysis and Cox regression
models were used to evaluate the prognostic significance of malnutrition.
Mendelian randomization (MR) analysis was employed to explore causal
relationships between nutritional indicators and HD progression using genome-
wide association study (GWAS) data.

Results: During a mean follow-up of 5.74 years, 44 patients reached composite
endpoints of death or loss of independent function [total functional capacity
(TFC) <2]. HD patients showed higher malnutrition prevalence than HCs
(CONUT: 34.51 vs. 13.27%; GNRI: 7.96 vs. 2.65%). Malnutrition correlated with
functional decline, cognitive impairment, advanced disease stage, and lower
composite Unified Huntington’s Disease Rating Scale (cUHDRS) score, but not
with survival outcomes. MR analysis suggests a causal relationship between
lymphocyte count and delayed motor progression in HD patients.

Conclusion: Malnutrition was highly prevalent in Chinese HD patients and
was associated with functional and cognitive decline. Although malnutrition
did not independently predict survival, MR analysis suggests that lymphocytes
delay motor progression, implying that immunonutritional pathways may
warrant further investigation as potential targets for future mechanistic and
interventional research.
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Introduction

Huntington’s disease (HD) is an inherited neurodegenerative

disorder characterized by motor impairment, behavioral
deficits, and

manifestations (1). HD typically manifests in middle adulthood

disturbances,  cognitive neuropsychiatric
and progresses over 15 to 20 years (2). Currently, there is no
therapy to modify the disease, resulting in a significant economic
strain on both families and society, which intensifies over the
progression of the illness (3).

Aside

degeneration, HD exerts broad systemic effects, disrupting

from the well-known central nervous system
peripheral metabolic homeostasis and body composition (4-6).
Among these systemic features, unintended weight loss is an
early finding in HD (4). Intriguingly, people with HD typically
experience CAG-repeat-dependent weight loss (7), a reduced
body mass index (BMI), and lower lean body mass (8), despite
increased appetite and calorie intake (7). This is more likely caused
by increased resting energy expenditure in HD (8). Malnutrition in
HD may result from a combination of factors, such as metabolic
disturbances, dysphagia, and increased energy expenditure due
to involuntary movements (5, 9). In an observational study,
body weight has been identified as a predictor of the rate of HD
progression, with a higher BMI being associated with slower
functional decline, suggesting a protective role of adequate
nutrition (10). Malnutrition often leads to a poorer quality of
life, increased morbidity, and higher mortality (11, 12). Given the
unique metabolic and pathological alterations in HD, evaluating
nutritional status is paramount to understanding its relationship
with clinical outcomes.

The assessment of nutritional status is inherently challenging
due to the complex, multifaceted nature of malnutrition (13).
Although guidelines recommend regular nutritional screening, no
validated tool exists specifically for HD (9). Several innovative and
straightforward nutritional assessment tools, such as the Geriatric
Nutritional Risk Index (GNRI) (14), the Prognostic Nutritional
Index (PNI) (15), and the Controlling Nutritional Status score
(CONUT) (16), have been used to identify malnutrition or the
risk of malnutrition and predict outcomes in Parkinson’s disease
(PD) (17-20), and Multiple system atrophy (MSA) (21), but their
applicability to HD is untested. These nutritional assessment tools
have also shown prognostic relevance in non-neurological chronic
diseases, such as heart failure and chronic kidney disease (22-
24). A systematic evaluation of malnutrition and its relationship
with clinical outcomes in Chinese patients with HD is lacking.

Abbreviations: BDI, beck depression inventory; Cl, confidence intervals;
CONUT, controlling nutritional status score; cUHDRS, composite unified
Huntington'’s disease rating scale; GNRI, geriatric nutritional risk index; GWAS,
genome-wide association study; HAMA, Hamilton anxiety scale; HAMD,
Hamilton depression scale; HCs, healthy controls; HD, Huntington's disease;
MMSE, mini-mental state examination; MR, Mendelian randomization; MSA,
multiple system atrophy; PD, Parkinson’s disease; PNI, prognostic nutritional
index; PBA-s, short version of the problem-behavior assessment; SCN, Stroop
color naming test; SDMT, symbol digit modality test; SI, Stroop interference
test; SWR, Stroop word reading test; TFC, total functional capacity; TMS, total
motor score; TMT, trail making test; UHDRS, unified Huntington’s disease
rating scale

Frontiersin Nutrition

10.3389/fnut.2026.1718264

Moreover, the causal relationships between nutritional status and
disease progression in HD remain unclear.

This study aimed to determine the prevalence of malnutrition
using the GNRI, CONUT, and PNI in a Chinese HD cohort,
and to evaluate the associations between malnutrition and
clinical features, as well as survival outcomes. Finally, we
employ Mendelian randomization (MR) to investigate the causal
relationship between nutritional indicators, including albumin
levels, BMI, and lymphocyte counts, and HD progression. Our
research aims to inform the development of future interventions
that target nutritional support, potentially modifying disease
progression and improving patient outcomes in HD.

Methods
Cohort study

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology-Nutritional Epidemiology (STROBE-nut)
guidelines for the reporting of cohort studies (25).

Study population

The study was conducted at the Department of Neurology at
West China Hospital of Sichuan University. Hundred and thirteen
manifested HD and 113 age-, sex-matched healthy controls (HCs)
were recruited for the study. The HCs were matched with the
patients in terms of age, sex, and BMI. The participants were part
of the same cohort as in a previous study, and all had received
approval from the Institutional Ethics Committee of the hospital
(2,26,27).

The inclusion criteria for HD patients were as follows:
CAG repeat length >39, confirmed by a gene test, and motor
disturbances, as indicated by a Unified Huntington’s Disease Rating
Scale (UHDRS) total motor score (TMS) diagnostic confidence
score of 4 (28). Patients and HCs were excluded if they had
malignant tumors, digestive diseases, autoimmune diseases, hepatic
or renal failure, acute or chronic inflammatory diseases, infections
at baseline assessment, or other chronic diseases that may have
influenced their nutritional status. Additionally, participants were
excluded if they were taking medications for lipid-lowering, lacked
essential clinical and laboratory data, could not complete the
rating scales, or had a positive family history of neurodegenerative
diseases (applied to HCs only).

Demographic and clinical data collection

All participants in the study underwent face-to-face interviews
with experienced neurologists. The interviews aimed to collect a
range of demographic characteristics, including age, sex, height,
weight, educational attainment, family history, smoking habits, and
drinking habits. Additionally, the baseline assessment documented
the age at which symptoms first manifested, the disease duration,
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the number of CAG repeats, the presence of comorbidities, and the
treatments received.

BMI was calculated as body weight (kg) divided by height
squared (m?). The composite Unified Huntingtons Disease
Rating Scale (cCUHDRS) is a valuable tool for evaluating clinical
progression, with a higher score indicating a less severe condition
(29). Motor function was evaluated using the UHDRS-TMS, while
daily functional performance was assessed with the UHDRS-
total functional capacity (TFC) scale. A battery of cognitive
tests was employed to assess the participants’ cognitive function,
including the Mini-Mental State Examination (MMSE), Symbol
Digit Modality Test (SDMT), Stroop Word Reading Test (SWR),
Stroop Color Naming Test (SCN), Stroop Interference Test (SI),
and Trail Making Test (TMT) A and B. Additionally, researchers
assessed psychiatric symptoms using the Hamilton Depression
Scale (HAMD), the Hamilton Anxiety Scale (HAMA), the Beck
Depression Inventory (BDI), and the short version of the Problem-
Behavior Assessment (PBA-s) (27).

Malnutrition assessment

The nutritional status of the participants was evaluated using
GNRI, PNI, and CONUT scores, which were calculated based
on the data collected during the baseline assessment. The initial
assessment included blood sampling following an overnight fast.
The Department of Laboratory Medicine at West China Hospital,
Sichuan University, conducted tests for serum albumin level,
total cholesterol, and overall lymphocyte count. Albumin values
measured in g/L were converted to g/dl by dividing by 10;
lymphocyte counts measured in 10°/L were converted to cells/mm?>
by multiplying by 10° prior to PNI calculation. The GNRI is
calculated using the following formula: 1.489 * serum albumin (g/L)
+ 41.7 * body weight (kg)/ideal body weight (kg) (14). Ideal body
weight was calculated using the formula: 22 * square of height (m?)
(17, 21). If the actual body weight is greater than the ideal body
weight, the ratio of the body weight to the ideal body weight is set
to 1. Based on the GNRI values, four grades of nutrition-related risk
have been established: high risk (GNRI < 82), moderate risk (GNRI
82 to <92), low risk (GNRI 92 t0<98), and no risk (GNRI >98)
(14). PNTI is calculated using the formula: 10x serum albumin (g/dl)
+ 0.005 x total lymphocyte count (mm?) (15, 30). The patients
were divided into three groups: those without nutritional risk (PNI
>38), those with moderate nutritional risk (PNI ranging from 35
to 38), and those who had severe nutritional risk (PNI <35). There
is no mild category for the PNI. The CONUT score is calculated
by adding the scores for serum albumin, total cholesterol, and total
lymphocyte count (16). The score for serum albumin is based on
the following ranges: 0 for >3.5 g/dl, 2 for 3.0-3.49 g/dl, 4 for 2.50-
2.99 g/dl, and 6 for <2.50g/dl. The score for total cholesterol is
determined as follows: 0 for >180 mg/dl, 1 for 140-179 mg/dl, 2
for 100-139mg/dl, and 3 for <100mg/dL. Lastly, the score for total
lymphocyte count is assigned as follows: 0 for >1.61 x 10°/L, 1
for 1.20-1.591 x 10°/L, 2 for 0.80-1.191 x 10°/L, and 3 for <0.81
x 10°/L. Patients were grouped according to malnutrition risk:
normal (CONUT 0-1), mild (CONUT 2-4), moderate (CONUT
5-8), and severe (CONUT 9-12) (16).
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Endpoints and follow-up

The primary endpoint was a composite of (i) all-cause death
or (ii) loss of independent function (defined as TFC <2) (27),
and time-to-event was defined as the baseline assessment date to
the first occurrence of either component of the endpoint event.
Kaplan-Meier curves and Cox models use the composite endpoint.
Patients were regularly followed up by telephone or outpatient visits
every 6-12 months to collect information on clinical outcomes.
Endpoint information was obtained from scheduled clinical follow-
up assessments and, when needed, from family reports and/or
medical records.

Statistical analysis

Statistical significance was set at p < 0.05. IBM SPSS software
(version 20.0) was used for the statistical analysis. All continuous
data are presented as the mean + standard deviation or median
(IQR) as appropriate. All categorical variables are presented as
numbers or percentages. For each continuous variable, we used
the Kolmogorov-Smirnov test to evaluate the normality of the
distribution. Student’s ¢-test or the Mann-Whitney U-test was used
to compare continuous variables between different groups. The chi-
square test was performed to compare categorical variables. The
multivariate linear regression model was conducted to investigate
clinical features associated with nutritional status. Patients with HD
were divided into normal nutrition and malnutrition groups based
on GNRI (>98 vs. <98) and CONUT (<2 vs. >2), respectively.
In models with malnutrition status (GNRI- or CONUT-defined) as
the dependent variable, the independent covariates included disease
stage, UHDRS-TMS and TFC, SDMT and cUHDRS. The Kaplan-
Meier analysis was used to assess the prognostic significance
of the GNRI, PNI, and CONUT scores in relation to survival.
Univariate and multivariate survival analyses were performed using
the Cox proportional-hazards regression model. Cox proportional-
hazards regression was used to evaluate the association between
malnutrition status and time-to-event outcomes in HD. We
fitted two pre-specified multivariable models, separately including
malnutrition defined by CONUT or GNRI. Both models were
adjusted for the same covariates: age, sex, motor symptom of onset,
disease duration, CAG repeat length, and baseline score of UHDRS-
TMS. These covariates were selected a priori because they are
established or plausible prognostic factors in HD and potential
confounders of the malnutrition-outcome association.

Genome-wide association study (GWAS)
summary statistics

All data used in the MR analyses were derived from studies
that had already obtained related ethical review board approval
and informed consent. The data sources used in this study are
detailed in Supplementary Table 1. We conducted a Mendelian
randomization (MR) analysis of nutrition-associated indicators
with HD based on the formulas for CONUT, GNRI, and PNI
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to explore the potential causal association between nutrition-
associated indicators and the clinical characteristics of HD
patients based on previously reported GWAS summary statistics.
The genetic instrument associated with albumin was obtained
from the UK Biobank (ukb-d-30600) (http://www.nealelab.is/uk-
biobank/), which included 432,048 participants, and cholesterol
(ukb-d-30690), which included 470,314 participants The genetic
instrument associated with BMI was obtained from the GIANT-
consortium GWAS study by Yengo et al. in 2018 (31), which
identified 510 conditionally independent SNPs. Lymphocyte was
obtained from the Blood Cell Consortium by Vuckovic et al.
(32). Single nucleotide polymorphisms (SNPs) with minor allele
frequency >0.01, reaching genome-wide significance (p < 5 * 10-
8) were further clumped to exclude SNPs in linkage disequilibrium
based on 1,000 Genomes Project Phase 3 (clumping window
of 10,000kb, r2 <0.001) (33). In addition, we evaluated the
power of SNPs by calculating F statistics for each SNP and
excluded SNPs with F statistics <10. The summary-level data for
the outcomes of HD were derived from a GWAS meta-analysis
conducted by the Genetic Modifiers of Huntington’s Disease (GeM-
HD) Consortium, which included 9,064 HD patients of European
descent (34). Residual age of onset (RAOO) was defined as the
difference between the actual AOO (diagnostic motor signs) and
expected AOO (calculated based on CAG repeat number). The
GWAS additionally utilized predictive modeling to estimate the age
at which each individual demonstrated a 50% probability of the pre-
determined clinical landmark phenotype, as detailed in the primary
report (35). TMS30 was estimated ages in early manifest HD at
which each individual progressed up to TMS = 30. We selected
RAOO (n = 9,009), predicted age at TFC6 (TFC = 6, n = 6,900),
and predicted age at TMS30 (TMS =30, n = 6,897) as outcomes to
verify our findings from the observational analysis.

MR analysis

The principal analyses used the random-effects inverse-
variance weighted (IVW) approach (36). We further performed
sensitivity analyses using the method of weighted median, weighted
mode, and maximum likelihood. The heterogeneity was quantified
by Cochran’s Q statistics using the method of IVW and MR-
Egger, with a p value <0.05 suggesting the presence of significant
heterogeneity. The Egger-intercept method was utilized to assess
the directional pleiotropy.

Results

Baseline clinical characteristics

After screening 228 HD patients, 113 were included in the
cross-sectional study (Figure 1). The patient screening process is
shown in Figure 1. Of the 228 patients diagnosed with HD based
on genetic testing, 113 were ultimately included in the study. The
demographic and hematological data for patients with HD and HCs
are presented in Table 1. Age, sex, and BMI were not significantly
different between patients with HD and HCs. According to the
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CONUT score and GNRI, the prevalence of malnutrition in HD
was higher when compared to HCs (34.51 vs. 13.27% and 7.96 vs.
2.65%, respectively).

Comparison of demographic and clinical
features between HD with normal nutrition
and malnutrition

The demographic and clinical features of patients with HD in
diverse nutritional statuses according to the CONUT score and
GNRI are shown in Table 2. The mean age and age at onset of
patients with HD were 54.27 £ 11.36 and 42.73 + 10.02 years,
respectively. Among them, 38.9% of the patients were male. The
mean disease duration was 5.41 £ 3.93 years at baseline. Based
on the CONUT score, the normal-nutrition group had higher
levels of albumin (43.95 &+ 3.17 g/L), total cholesterol (4.94 &+ 0.83
mmol/L), and lymphocytes (2.01 + 0.46 x 10°/L) compared to
the malnutrition group (all p < 0.05). There were no significant
differences between the two groups in terms of age, sex, BMI,
disease duration, age of onset, UHDRS-TMS/TFC score, cUHDRS
score, history of smoking and drinking, MMSE score, SDMT,
SCN, SWR, SI, PBA-s, HAMD, HAMA, and BDI (all p > 0.05).
According to the GNRI, compared to the normal-nutrition group,
the malnutrition group had lower levels of albumin (37.12 & 3.57
g/L), UHDRS-TEFC scores (5.00 % 2.83), and cUHDRS scores (3.52
+3.19) (all p < 0.05).

Associations between malnutrition and HD
clinical characteristics

The univariate regression models revealed that the GNRI score
was negatively correlated with UHDRS-TMS (r = —0.253, p =
0.044) and disease stage (r = —0.319, p = 0.009), and positively
correlated with UHDRS-TFC (r = 0.305, p = 0.014) and cUHDRS
(r = 0.321, p = 0.034). The PNI score is positively correlated
with SDMT (r = 0.286, p = 0.019). No significant association was
found among the groups based on the CONUT score in the clinical
features. The results are presented in Supplementary Table 2. In
the multivariate linear regression model, adjust for age, sex, and
CAG repeat numbers using different nutritional tools. In the
GNRI model, the occurrence of malnutrition in HD patients
was associated with a lower TFC score (8 = 0.47, p = 0.050),
a later disease stage (8 = —2.38, p = 0.012), a lower SDMT
score (B = 0.17, p = 0.039), and a lower cUHDRS score (8
= 0.61, p = 0.011). In the PNI model, lower cUHDRS scores
(B = 033, p = 0.047) were associated with malnutrition in
patients with HD. Details of related factors are demonstrated in
Table 3.

Survival analysis of CONUT score and GNRI
in patients with HD

Kaplan-Meier survival analysis showed no significant

differences in time to the composite endpoint (death or TFC <2)
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(228 patients in the cohort)
115 Exclude: \
110 without attending blood tests . . .
3 who did not attend clinical assessments [113 patients in the cross sectional study)
2 with TFC score <3 at baseline
A
19 Excluded:
15 who were loss to follow-up
4 with the follow-up period less than 1 year
A
(94 patients in the retrospective analysis)
FIGURE 1
Flowchart of the patient screening process in the study cohort.

TABLE 1 Demographic and hematological data of patients with Huntington’s disease (HD) and
healthy controls (HCs) (mean + SD).

Variables HD patients HCs p-value
Number 113 113 /
Age (y) 5427 £11.36 | 54.05+5.77 0.855
Sex (male, %) 44 (38.9%) 44 (38.9%) >0.99
BMI 21.29 £2.51 21.77 £ 1.42 0.095
Albumin (g/L) 42.99 £ 4.00 46.49 £3.12 <0.0001*
Total cholesterol (mmol/L) 453 £091 5.39 £ 0.96 <0.0001*
Lymphocytes (10°/L) 1.70 £ 0.52 1.94 £ 0.63 0.003*
CONUT score 1.49 £+ 1.36 0.62 £ 0.98 <0.0001*
Malnutrition (%) 39 (34.51%) 15 (13.27%) 0.0003*
GNRI 103.60 £ 5.88 109.70 +5.29 | <0.0001*
Malnutrition (%) 9 (7.96%) 3 (2.65%) 0.135
PNI 51.37 £5.37 56.19 + 4.67 <0.0001*

BMI, body mass index; CONUT, controlling nutritional status; GNRI, geriatric nutritional
risk index; PN, prognostic nutritional index; HCs, healthy controls; SD, standard deviation.
*Significant difference. The bold values indicate statistically significant results (p < 0.05).

across nutritional status categories defined by CONUT or GNRI
(Supplementary Figure 1). The mean follow-up time was 5.74 +
4.52 years. Finally, 44 participants developed either death or a
TFC score of 0 to 2. The median survival time was 13.87 years.
We performed the univariate and multivariable Cox proportional-
hazards regression analysis to demonstrate the predictive value
of malnutrition on survival in HD (Supplementary Table 3).
In multivariable Cox models adjusted for age, sex, symptom
of onset, disease duration, CAG repeat length, and baseline
UHDRS-TMS score, malnutrition defined by CONUT was
not significantly associated with survival (HR = 1.362, 95%
CI 0.505-3.675, p = 0.542). Similar results were observed for
malnutrition defined by GNRI (HR = 0.418, 95% CI 0.081-2.142,
p=0.295).

Frontiersin Nutrition

The causal association between
nutrition-associated indicators and disease
clinical characteristics

Genetic pre-disposition to lymphocyte cell count was causally
related to the age of predicted TMS30 in HD patients (8 =
0.125, 95% CI [0.023, 0.228], p = 0.017; Figure 2). The alternative
MR approaches yielded similar results (maximum likelihood 8 =
0.126, 95% CI [0.026, 0.227], p = 0.014). However, no significant
association was found between albumin, BMI, cholesterol, and
clinical characteristics of HD (Figure 2). In all analyses, there
was no heterogeneity (I> <6% and p > 0.05, respectively;
Supplementary Table 4) and directional pleiotropy (p for MR-Egger
intercept >0.2; Supplementary Table 4).

Discussion

This study is the first to investigate the prevalence of
malnutrition, associated factors, and prognostic significance in
Chinese HD patients using three validated composite indices—
GNRI, PNI, and CONUT. We found that malnutrition is prevalent
in HD patients, with the GNRI-based malnutrition strongly
correlating with functional decline,

cognitive impairment,

and advanced disease stage. However, no independent
prognostic value of malnutrition was observed for survival
MR revealed that higher lymphocyte counts were directionally
associated with delayed motor progression, suggesting potential
immunonutritional pathways that may warrant further mechanistic
and interventional studies.

Previous studies have shown that malnutrition is more
common in patients with PD and MSA than in HCs (17, 21),
aligning with our observations in HD. In our HD cohort, the
prevalence of malnutrition varied by assessment tool: 34.51%
were classified as malnourished using the CONUT vs. 7.96%
using the GNRI. This discrepancy is consistent with findings in

PD and MSA, where GNRI similarly yields lower malnutrition
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TABLE 2 Comparison of demographic and clinical features between Huntington’s disease (HD) with normal-nutrition and malnutrition.

GNRIP

Variables CONUT?

Normal nutrition Malnutrition pvalue Normal nutrition Malnutrition p-value

Number 113 49 39 / 57 9 /
Age (y) 5427 £11.36 54.93 £+ 12.09 5321 +£11.23 0.495 53.67 £ 10.75 51.47 £11.03 0.572
Sex (male, %) 44 (38.9%) 20 (40.8%) 13 (33.3%) 0.175 18/57 (31.5%) 3/9 (33.3%) 0.963
BMI 21.29 £2.51 21.14 £2.47 21.78 £2.57 0.242 21.11£2.48 21.02 £ 3.30 0.925
CAG repeat 44 (42-46) 44 (42-46) 44 (42-46) 0.509 44 (42-46) 44 (42-46) 0.164
Age of onset (years) 42.73 +£10.02 42.88 £ 10.59 42.44 +£9.57 0.839 44.18 £ 8.84 40.29 £+ 9.98 0.234
Family history
Maternal inheritance 53/113 (46.9%) 21/49 (42.8%) 18/39 (46.1%) 0.400 22/57 (38.5%) 4/9 (44.4%) 0.769
Paternal inheritance 34/113 (30%) 15/49 (30.6%) 12/39 (30.7%) 0.974 20/57 (35%) 3/9 (33.3%) 0.560
Unclear 26/113 (23%) 13/49 (26.5%) 9/39 (23%) 0.328 15/57 (26.3%) 2/9 (22.2%) 0.789
Genetic anticipation (%) 44.14% (49/111) 37.5% (18/48) 41% (16/39) 0.376 35% (20/57) 33.3% (3/9) 0.789
UHDRS-TMS 38.18 £15.76 37.09 £ 15.35 38.26 £ 15.52 0.727 36.89 £ 14.53 4233 +£13.83 0.299
UHDRS-TFC 8.13£3.31 8.02 £+ 3.10 7.82+£3.42 0.777 8.29 £ 3.02 5.00 £ 2.83 0.003**
cUHDRS 6.07 £ 3.82 597 £3.94 573+£3.73 0.802 6.75 £ 3.17 3.52£3.19 0.038*
MMSE 21.61 £5.81 21.84 £5.51 21.39 £5.54 0.734 21.74 £5.79 20.00 £ 5.61 0.437
SDMT 1524 £ 11.26 16.74 + 11.59 13.13 £ 9.59 0.174 16.18 £ 10.36 10.20 £ 8.56 0.224
SCN 29.41 £ 15.12 28.81 £+ 16.45 29.15+£13.82 0.926 32.38 +£14.77 27.00 £ 5.93 0.386
SWR 38.33 £19.55 37.49 &+ 20.96 37.97 £18.08 0.919 42.63 £18.18 39.17 £ 14.08 0.658
SI 17.42 £ 11.38 17.81 + 12.00 15.39 £ 11.58 0.395 17.61 +11.32 15.33 £ 12.99 0.653
PBA-s 13.61 £ 13.47 14.26 £+ 14.10 13.28 £ 12.04 0.744 14.11 £ 13.96 16.33 £ 14.46 0.661
HAMD 11.17 £ 6.98 12.08 +8.33 10.53 £ 4.67 0.470 10.68 £+ 7.42 13.86 £ 3.93 0.278
HAMA 8.25+4.16 8.80 = 4.95 7.33 £2.81 0.513 7.92 £4.57 9.67 £ 0.58 0.206
BDI 6.87 £ 5.89 8.47 £7.46 6.71 £ 4.05 0.426 7.19 £6.18 13.50 £ 6.36 0.172
Albumin (g/L) 42.99 £+ 4.00 43.95 £ 3.17 41.48 + 4.64 0.004** 44.46 £2.77 37.12 £ 3.57 <0.0001***
Total cholesterol (mmol/L) 4.53 +£091 4.94£0.83 398 £0.75 <0.0001*** 4.63 £0.90 412 £ 091 0.122
Lymphocytes (10°/L) 1.70 £ 0.52 2.01 £ 0.46 1.34 4+ 0.32 <0.0001*** 1.70 £ 0.53 1.46 £ 0.47 0.206
PNI 51.41 £5.38 54.00 + 4.37 48.16 +4.76 <0.0001*** 52.86 £ 4.10 4442 +4.85 <0.0001***
CONUT 1.49 £+ 1.36 0.51 £ 0.51 2.72 £1.05 <0.0001*** 1.41 £+ 1.06 244 +2.13 0.028*
GNRI 103.70 £+ 5.96 104.80 £ 5.04 102.50 £ 6.67 0.127 105.30 £ 4.26 93.28 £3.81 <0.0001***
Smoking (%) 10/47 (21.28%) 4/24 (16.67%) 5/19 (26.32%) 0.226 8/36 (22.2%) 1/7 (14.29%) 0.413
Drinking (%) 11/47 (23.40%) 7/24 (29.17%) 4/19 (21.05%) 0412 9/36 (25%) 217 (28.57%) 0.739
Survival time (years) 9.97 £5.18 9.80 £+ 5.61 9.63 £4.75 0.877 9.76 £5.16 11.52 £ 5.45 0.349
Outcome (%) 44/113 (38.94%) 17/49 (34.69%) 18/31 (58.06%) 0.001** 24/57 (42.1%) 5/9 (55.55%) 0.09
Final MMSE 12.68 £ 10.58 11.78 +10.76 13.31 +10.35 0.675 16.65 + 8.74 21.67 £5.77 0.348
ATFC 0.83 £ 1.62 0.57 £ 1.31 1.10 £ 2.00 0.215 0.75 £ 1.42 —0.1£1.79 0.134

CONUT, controlling nutritional status; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index; BMI, body mass index; cUHDRS, composite unified Huntington’s disease rating
scale; UHDRS, unified Huntington’s disease rating scale; TFC, total functional capacity; TMS, total motor score; MMSE, mini-mental state examination; SDMT, symbol digit modality test; SWR,
Stroop word reading test; SCN, Stroop color naming test; SI, Stroop interference test; PBA-s, the short version of the problem-behavior assessment; BDI, beck depression inventory; HAMD,
Hamilton depression scale; HAMA, Hamilton anxiety scale.

*p < 0.05,%p < 0.01, ***p < 0.001.

425 were missing data.

b47 were missing data. The bold values indicate statistically significant results (p < 0.05).
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TABLE 3 The associations between malnutrition and Huntington'’s disease (HD) clinical characteristics by multivariate analysis after adjusting for sex, age, and CAG repeat numbers.

Clinical characteristic CONUT score GNRI score PNI score

95% ClI p-value B 95%ClI p-value 95% ClI p-value
UHDRS-TMS 001 | —0.01t00.03 0.438 —0.10 | —0.20t00.00 0.057 —0.03 | —0.11t00.04 0.389
UHDRS-TFC —0.01 | 0.10t00.09 0.924 0.47 0.00 to 0.93 0.050* 006 | —030t00.43 0.733
Disease stage 0.15 —0.25t0 0.55 0.459 —2.38 —4.22 to —0.53 0.012* —0.83 —2.31t00.66 0.272
SDMT —0.02 | —0.05t00.01 0.196 0.17 0.01 to 0.32 0.039* 011 | —0.01t00.23 0.060
cUHDRS —0.05 —0.13t0 0.04 0.314 0.61 0.15to 1.07 0.011* 0.33 0.04 to 0.65 0.047*

CONUT, controlling nutritional status; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index; CI, confidence interval; cUHDRS, composite unified Huntington’s disease rating

scale; SDMT, symbol digit modality test; TFC, total functional capacity; TMS, total motor score; UHDRS, unified Huntington’s disease rating scale.

*p < 0.05. The bold values indicate statistically significant results (p < 0.05).

rates than CONUT (17, 19, 21). The difference likely reflects
HD-specific pathophysiology. GNRI incorporates body weight,
potentially better reflecting hypermetabolic states driven by chorea-
related energy expenditure (9). In HD, negative energy balance and
mitochondrial bioenergetic impairment are well-described (34),
and a high baseline BMI was associated with a significantly slower
rate of functional, motor, and cognitive deterioration, independent
of CAG length (10). CONUT relies on lymphocyte count and
cholesterol levels, which may be confounded by HD-associated
neuroinflammation (24) and peripheral metabolic dysfunction (37,
38), potentially inflating malnutrition estimates. Compared to the
CONUT, the GNRI only includes the albumin parameter but
lacks the lymphocyte count and total cholesterol level parameters,
which may explain the lower prevalence estimated by the GNRI.
GNRI may therefore align more closely with the metabolic-
functional axis that underpins HD disability trajectories than
indices emphasizing circulating lipids or leukocytes alone. The
role of body weight in HD also warrants consideration, as its
trajectory remains unclear: weight loss may not be inevitable (11),
may maintain stable body weight throughout the progression of
the disease, or a high BMI at the initial stage of the disease may
compensate for subsequent weight loss (19). Additionally, BMI
differences between malnutrition classifications by both tools were
non-significant in this study, possibly attributable to the cohort’s
short disease duration. Although the proportion of malnutrition
assessed by different assessment tools varied widely, the prevalence
of malnutrition in HD remained high overall. Therefore, there is
a crucial need to identify reliable screening tools for evaluating
malnutrition risk in this population.

Patients classified as malnourished (according to GNRI)
exhibited more severe movement disorders, reduced functional
capacity, poorer cognitive performance, and advanced disease
stages. Excessive movements result in an enhanced catabolic
state, meaning that normal or even high-calorie intakes
are insufficient to sustain weight (9). Cognitive impairment
and motor dysfunction can result in dysphagia and loss of
independent feeding (39, 40). Malnutrition in HD is likely
multifactorial, including disturbances in energy metabolism,
malabsorption, disruption of the microbiome, increased energy
requirement because of chorea, as well as lack of nutrition
due to dysphagia and psychiatric symptoms (39, 41). Our
data suggest that in HD, the component capturing weight
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relative to GNRI—adds discriminative

information that more accurately reflects daily functional

ideal—unique to

capacity and cognition. This finding is consistent with the field’s
recognition that weight maintenance is clinically meaningful
(10, 42).

Interestingly, there was no independent association between
malnutrition and survival outcomes in our cohort. This contrasts
with previous studies, which have found that malnutrition often
predicts mortality in many systemic diseases (22-24, 43-45).
The same nutritional indices (GNRI and PNI in particular)
have been used recently in multiple heart failure cohorts
to demonstrate strong associations with functional status and
mortality, underscoring that these tools capture a generalizable low-
reserve, catabolic phenotype across chronic systemic diseases. Two
recent works by El-Sheikh et al. (46, 47) in elderly heart failure
populations showed that GNRI- and PNI-defined malnutrition
was common and prognostically meaningful, and that its effects
were modified by BMI and inflammatory status. Li et al. (21)
showed an association between malnutrition using the CONUT
score and mortality in patients with MSA and MSA-P (21). A
study indicated that in individuals with PD, higher levels of
CONUT score were linked with increased mortality rates, while
higher levels of PNI and GNRI are associated with decreased
mortality risk (20). The lack of an independent survival association
observed in HD may be due to genetic drivers (e.g., CAG repeat
length) and limited event numbers. Additionally, the relatively
short median follow-up duration (5.74 years) may be insufficient
to capture the long-term nutritional effects of a slowly progressive
disease. Larger multicenter studies with long-term follow-up
are warranted.

Peripheral immune activation is detectable years before
clinical onset in HD (46) and remains elevated throughout
the disease course (48). Our MR study demonstrated that
better preserved adaptive immunity is associated with slower
motor progression, corroborating a prior observational study
(27). Functional crosstalk between the peripheral immune system
(blood cells) and the central nervous system in the background
of a compromised blood-brain barrier (49, 50). Expression of
mHTT in peripheral T cells and B cells is associated with
disease progression (51). Early neuroinflammation is evidenced
by elevated cerebrospinal fluid soluble CD27 receptor (50)
and intrathecal T helper 17.1 cells in pre-manifest HD (51).

frontiersin.org


https://doi.org/10.3389/fnut.2026.1718264
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xia et al. 10.3389/fnut.2026.1718264
Mendelian Randomization Forest Plot
Exposure Method nsnp Effect (95% CI) p-value
Lymphocyte
inverse variance weighted 434 —_— 0.125[0.023, 0.228] 0.017
MR Egger 434 e e T 0.104 [-0.105, 0.314] 0.329
weighted median 434 —_—— 0.137 [-0.033, 0.307] 0.114
weighted mode 434 = 0.098 [-0.138, 0.333] 0.417
maximum likelihood 434 — 0.126 [0.026, 0.227] 0.014
Albumin
inverse variance weighted 161 —_— 0.015[-0.136, 0.166] 0.844
MR Egger 161 - -0.074 [-0.308, 0.160]  0.534
weighted median 161 o 0.041[-0.207, 0.289] 0.746
weighted mode 161 —_— -0.035[-0.232, 0.162] 0.731
maximum likelihood 161 —_— 0.015[-0.137, 0.167] 0.844
BMI
inverse variance weighted 161 o 0.019[-0.113, 0.151] 0.776
MR Egger 161 = -0.055[-0.305,0.195]  0.666
weighted median 161 — T 0.048 [-0.158, 0.254] 0.651
weighted mode 161 = -0.046 [-0.338, 0.247]  0.759
maximum likelihood 161 —l— 0.019[-0.103, 0.142] 0.756
Cholesterol
inverse variance weighted 284 sl — 0.037 [-0.159, 0.233] 0.713
MR Egger 284 — -0.043[-0.153,0.239]  0.669
weighted median 284 e e— 0.033 [-0.163, 0.229] 0.744
weighted mode 284 — -0.028 [-0.168, 0.224]  0.776
maximum likelihood 284 —_— 0.045[-0.151, 0.241] 0.651
T T 1
-0.4 -0.2 0 0.2 0.4
Beta
FIGURE 2
MR showed that genetic pre-disposition to lymphocyte cell count was causally related to the age of predicted TMS30 in HD patients (8 = 0.125, 95%
Cl[0.023, 0.228], p = 0.017)

T regulatory cells (Tregs) appear to be protective (52). A
skewing in the balance between pro-inflammatory and Tregs
may potentially favor a pro-inflammatory intrathecal environment
in HTT gene expansion carriers (53). The exact role of B
lymphocytes in HD pathogenesis remains underexplored. Further
studies should delineate adaptive immune mechanisms underlying
HD progression.

A key strength is using simple, widely accessible nutritional
tools for rapid malnutrition screening in HD. The large sample size
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of GWAS improves measurement accuracy, and strict instrumental
variables (IVs) screening dramatically improves the reliability of
the results.

This study has several limitations. First, while we employed
well-established nutritional assessment tools, these indices may not
fully capture the complexity of malnutrition in HD, particularly
in terms of specific nutrient deficiencies or metabolic changes.
Future studies could incorporate more comprehensive metabolic
assessments. Second, the relatively small sample size may limit
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the generalizability of our findings, particularly in terms of
survival analysis, where a larger cohort and extended follow-up
period would provide more robust insights into the long-term
effects of malnutrition. Third, the study only evaluated baseline
nutritional status without follow-up assessments. The study did
not explore changes in nutritional status over time and their
relationship with follow-up outcomes. While MR is believed to
have the advantage of naturally eliminating confounders, some
potential and unknown confounders cannot be eliminated, leading
to conclusions that must be viewed cautiously. Additionally,
data from the GeM-HD Consortium came from individuals of
European descent, and the cohort study was conducted in China.
Population heterogeneity may impact the external validity of
MR results.

Conclusion

In conclusion, our study highlights the high prevalence
of malnutrition in Chinese HD patients and its association
with functional decline and cognitive impairment. Although
nutritional indices did not independently predict the composite
survival endpoint in our cohort, the MR results suggest that
specific immunonutritional components (particularly lymphocyte
count) may be relevant to motor progression. These findings
support routine nutritional screening in HD and motivate
further clarify
whether targeting immunonutritional pathways can improve

mechanistic and interventional studies to

clinical outcomes.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by
the Institutional Ethics Committee of West China
Hospital, Sichuan University, China. The studies were
conducted in accordance with the local legislation and
institutional ~ requirements.  The  participants  provided
their ~ written  informed consent to  participate in
this study.

Author contributions

J-QX: Investigation, Methodology, Writing - original draft,
Writing - review & editing. Y-FC: Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Validation,
Writing - original draft, Writing - review & editing. S-RZ:

Frontiersin Nutrition

10.3389/fnut.2026.1718264

Formal analysis, Investigation, Methodology, Validation, Writing
- review & editing. Y-ZM: Formal analysis, Investigation,
Methodology, Writing — review & editing. J-JF: Investigation,
Methodology, Validation, Writing - review & editing. T-MY:
Investigation, Methodology, Writing - review & editing. L-YZ:
Data curation, Investigation, Methodology, Writing - review
& editing. J-MB: Conceptualization, Project administration,
Writing - review & editing. H-FS: Conceptualization, Funding
acquisition, Project administration, Supervision, Writing — review
& editing.

Funding

The  author(s) declared
was received for this
This
Natural
82301613).

that financial
and/or its
The National

(Grant  No.

support
work publication.
work  was supported by

Science  Foundation of China

Acknowledgments

We wish to acknowledge and thank the researchers, dedicated
staff, and participants.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author H-FS declared that they were an editorial
board member of Frontiers, at the time of submission.
This had no impact on the peer review process and the

final decision.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/fnut.2026.1718264
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xia et al.

their or those of the publisher,

the editors and the reviewers. Any product that may be

affiliated organizations,

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

References

1. McColgan P, Tabrizi SJ. Huntington’s disease: a clinical review. Eur ] Neurol. (2018)
25:24-34. doi: 10.1111/ene.13413

2. Cheng Y, Gu X, Liu K, Yang T, Xiao Y, Jiang Q, et al. The comprehensive analysis
of motor and neuropsychiatric symptoms in patients with huntington’s disease from
China: a cross-sectional study. J Clin Med (2022) 12:206. doi: 10.3390/jcm12010206

3. Zhang S, Cheng Y, Shang H. The updated development of blood-
based biomarkers for Huntington’s disease. ] Neurol (2023) 270:2483-
503. doi: 10.1007/s00415-023-11572-x

4. van der Burg JM, Bjorkqvist M, Brundin P. Beyond the
widespread  pathology in Huntingtons disease. Lancet Neurol.
8:765-74. doi: 10.1016/S1474-4422(09)70178-4

5. Singh A, Agrawal N. Metabolism in Huntington’s disease: a major contributor to
pathology. Metab Brain Dis. (2022) 37:1757-71. doi: 10.1007/s11011-021-00844-y

6. Chuang CL, Demontis F. Systemic Manifestation and contribution of
peripheral tissues to Huntington’s disease pathogenesis. Ageing Res Rev. (2021)
69:101358. doi: 10.1016/j.arr.2021.101358

7. Trejo A, Tarrats RM, Alonso ME, Boll MC, Ochoa A, Velasquez L. Assessment of
the nutrition status of patients with Huntington’s disease. Nutrition. (2004) 20:192—
6. doi: 10.1016/j.nut.2003.10.007

brain:
(2009)

8. Pratley RE, Salbe AD, Ravussin E, Caviness JN. Higher sedentary energy
expenditure in patients with Huntington’s disease. Ann Neurol. (2000) 47:64-70.
doi: 10.1002/1531-8249(200001)47:1<64::AID-ANA11>3.0.CO;2-S

9. Bachoud-Levi AC, Ferreira J, Massart R, Youssov K, Rosser A, Busse M, et al.
International guidelines for the treatment of Huntington’s disease. Front Neurol. (2019)
10:710. doi: 10.3389/fneur.2019.00710

10. van der Burg JMM, Gardiner SL, Ludolph AC, Landwehrmeyer GB, Roos RAC,
Aziz NA. Body weight is a robust predictor of clinical progression in Huntington
disease. Ann Neurol. (2017) 82:479-83. doi: 10.1002/ana.25007

11. Cubo E, Rivadeneyra J, Mariscal N, Martinez A, Armesto D, Camara R], et al.
Factors associated with low body mass index in Huntington’s disease: a Spanish
multicenter study of the European Huntington’s disease registry. Mov Disord Clin
Pract. (2016) 3:452-9. doi: 10.1002/mdc3.12304

12. Trejo A, Boll MC, Alonso ME, Ochoa A, Velasquez L. Use of oral nutritional
supplements in patients with Huntington’s disease. Nutrition. (2005) 21:889-
94. doi: 10.1016/j.nut.2004.12.012

13. Keller U. Nutritional laboratory markers in malnutrition. J Clin Med (2019)
8:775. doi: 10.3390/jcm8060775

14. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I, et al.
Geriatric nutritional risk index: a new index for evaluating at-risk elderly medical
patients. Am J Clin Nutr. (2005) 82:777-83. doi: 10.1093/ajcn/82.4.777

15. Buzby GP, Mullen JL, Matthews DC, Hobbs CL, Rosato EF. Prognostic
nutritional index in gastrointestinal Surgery. Am ] Surg. (1980) 139:160-
7. doi: 10.1016/0002-9610(80)90246-9

16. Ignacio de. Ulibarri ], Gonzalez-Madrono A, de Villar NG, Gonzalez P, Gonzalez
B, Mancha A, et al. Conut: a tool for controlling nutritional status first validation in a
hospital population. Nutr Hosp. (2005) 20:38-45.

17. Jiang Z, Ou R, Chen Y, Zhang L, Wei Q, Hou Y, et al. Prevalence and associated
factors of malnutrition in patients with Parkinson’s disease Using Conut and Gnri.
Parkinsonism Relat Disord. (2022) 95:115-21. doi: 10.1016/j.parkreldis.2021.11.032

18. Yilmaz M, Atuk Kahraman T, Kurtbeyoglu E, Konyaligil Ozturk N, Gultekin M.
The evaluation of the nutritional status in Parkinson’s disease: geriatric nutritional
risk index comparison with mini nutritional assessment questionnaire. Nutr Neurosci.
(2024) 27:66-73. doi: 10.1080/1028415X.2022.2161129

19. Soke NE, Kara G, Yardimci H, Koger B, Erko¢ Ataoglu NE, Tok¢aer
Bora HA. Assessment of nutritional status in elderly hospitalised patients with
Parkinson’s disease: validation of Conut and Gnri. Parkinsonism Relat Disord. (2025)
137:107890. doi: 10.1016/j.parkreldis.2025.107890

20. Jia H, Yin K, Zhao J, Che F. Association of inflammation/nutrition-
based indicators with Parkinsons disease and mortality. Front Nutr. (2024)
11:1439803. doi: 10.3389/fnut.2024.1439803

Frontiers in Nutrition

10.3389/fnut.2026.1718264

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2026.
1718264/full#supplementary-material

21. Li S, Zhang L, Hou Y, Yang T, Li C, Wei Q, et al. Prevalence and prognostic
significance of malnutrition in early-stage multiple system atrophy. Front Nutr. (2023)
10:1248349. doi: 10.3389/fnut.2023.1248349

22. Li TC Li CI, Liu CS, Lin CH, Yang SY, Lin CC. Comparison of mini
nutritional assessment tool and geriatric nutrition risk index in predicting 12-
Y mortality among community-dwelling older persons. J Nutr. (2024) 154:2215-
25. doi: 10.1016/j.tjnut.2024.05.010

23. Rashid I, Sahu G, Tiwari P, Willis C, Asche CV, Bagga TK, et al. Malnutrition
as a potential predictor of mortality in chronic kidney disease patients on
dialysis: a systematic review and meta-analysis. Clin Nutr. (2024) 43:1760-
9. doi: 10.1016/j.cInu.2024.05.037

24. Pagnesi M, Serafini L, Chiarito M, Stolfo D, Baldetti L, Inciardi RM, et al. Impact
of malnutrition in patients with severe heart failure. Eur ] Heart Fail. (2024) 26:1585—
93 doi: 10.1002/ejhf.3285

25. Lachat C, Hawwash D, Ocke MC, Berg C, Forsum E, Hornell A, et al
Strengthening the reporting of observational studies in epidemiology-nutritional
epidemiology (strobe-nut): an extension of the strobe statement. PLoS Med. (2016)
13:€1002036. doi: 10.1371/journal.pmed.1002036

26. Cheng YF, Liu KC, Yang TM, Xiao Y, Jiang QR, Huang JX, et al. Factors influencing
cognitive function in patients with huntington’s disease from china: a cross-sectional
clinical study. Brain Behav. (2023) 13:¢3258. doi: 10.1002/brb3.3258

27. Xia JQ, Cheng YF, Zhang SR, Ma YZ, Fu JJ, Yang TM, et al. The characteristic and
prognostic role of blood inflammatory markers in patients with huntington’s disease
from China. Front Neurol. (2024) 15:1374365. doi: 10.3389/fneur.2024.1374365

28. Ross CA, Aylward EH, Wild EJ, Langbehn DR, Long JD, Warner JH, et al
Huntington disease: natural history, biomarkers and prospects for therapeutics. Nat
Rev Neurol. (2014) 10:204-16. doi: 10.1038/nrneurol.2014.24

29. Schobel SA, Palermo G, Auinger P, Long JD, Ma S, Khwaja OS, et al. Motor,
cognitive, and functional declines contribute to a single progressive factor in early Hd.
Neurology. (2017) 89:2495-502. doi: 10.1212/WNL.0000000000004743

30. Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal
surgery of malnourished cancer patients. Nihon Geka Gakkai Zasshi. (1984) 85:1001-5.

31. Yengo L, Sidorenko ], Kemper KE, Zheng Z, Wood AR, Weedon MN, et al.
Meta-analysis of genome-wide association studies for height and body mass index
in approximately 700000 individuals of European ancestry. Hum Mol Genet. (2018)
27:3641-9. doi: 10.1093/hmg/ddy271

32. Vuckovic D, Bao EL, Akbari P, Lareau CA, Mousas A, Jiang T, et al. The polygenic
and monogenic basis of blood traits and diseases. Cell. (2020) 182:1214-31 ell.
doi: 10.1016/j.cell.2020.08.008

33. Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, et al. The Mr-
base platform supports systematic causal inference across the human phenome. Elife.
(2018) 7:€34408. doi: 10.7554/eLife.34408

34. Genetic Modifiers of Huntington’s Disease Consortium. Electronic address ghmhe,
genetic modifiers of huntington’s Disease C. cag repeat not polyglutamine length
determines timing of huntington’s disease onset. Cell. (2019) 178:887-900 el4.
doi: 10.1016/j.cell.2019.06.036

35. Lee JM, Huang Y, Orth M, Gillis T, Siciliano J, Hong E, et al. Genetic modifiers of
huntington disease differentially influence motor and cognitive domains. Am J Hum
Genet. (2022) 109:885-99. doi: 10.1016/j.ajhg.2022.03.004

36. Burgess S, Bowden J, Fall T, Ingelsson E, Thompson SG. Sensitivity analyses for
robust causal inference from mendelian randomization analyses with multiple genetic
variants. Epidemiology. (2017) 28:30-42. doi: 10.1097/EDE.0000000000000559

37. Leoni V, Mariotti C, Nanetti L, Salvatore E, Squitieri F, Bentivoglio AR, et al. Whole
body cholesterol metabolism is impaired in huntington’s disease. Neurosci Lett. (2011)
494:245-9. doi: 10.1016/j.neulet.2011.03.025

38. Wang R, Ross CA, Cai H, Cong WN, Daimon CM, Carlson OD, et al. Metabolic
and hormonal signatures in pre-manifest and manifest huntington’s disease patients.
Front Physiol. (2014) 5:231. doi: 10.3389/fphys.2014.00231

39. Mehanna R, Jankovic J.
a  comprehensive review. Moy
64. doi: 10.1002/mdc3.14029

disease:
11:453-

Systemic symptoms
Disord  Clin

in  huntington’s
Pract.  (2024)

frontiersin.org


https://doi.org/10.3389/fnut.2026.1718264
https://www.frontiersin.org/articles/10.3389/fnut.2026.1718264/full#supplementary-material
https://doi.org/10.1111/ene.13413
https://doi.org/10.3390/jcm12010206
https://doi.org/10.1007/s00415-023-11572-x
https://doi.org/10.1016/S1474-4422(09)70178-4
https://doi.org/10.1007/s11011-021-00844-y
https://doi.org/10.1016/j.arr.2021.101358
https://doi.org/10.1016/j.nut.2003.10.007
https://doi.org/10.1002/1531-8249(200001)47:1<64::AID-ANA11>3.0.CO;2-S
https://doi.org/10.3389/fneur.2019.00710
https://doi.org/10.1002/ana.25007
https://doi.org/10.1002/mdc3.12304
https://doi.org/10.1016/j.nut.2004.12.012
https://doi.org/10.3390/jcm8060775
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1016/0002-9610(80)90246-9
https://doi.org/10.1016/j.parkreldis.2021.11.032
https://doi.org/10.1080/1028415X.2022.2161129
https://doi.org/10.1016/j.parkreldis.2025.107890
https://doi.org/10.3389/fnut.2024.1439803
https://doi.org/10.3389/fnut.2023.1248349
https://doi.org/10.1016/j.tjnut.2024.05.010
https://doi.org/10.1016/j.clnu.2024.05.037
https://doi.org/10.1002/ejhf.3285
https://doi.org/10.1371/journal.pmed.1002036
https://doi.org/10.1002/brb3.3258
https://doi.org/10.3389/fneur.2024.1374365
https://doi.org/10.1038/nrneurol.2014.24
https://doi.org/10.1212/WNL.0000000000004743
https://doi.org/10.1093/hmg/ddy271
https://doi.org/10.1016/j.cell.2020.08.008
https://doi.org/10.7554/eLife.34408
https://doi.org/10.1016/j.cell.2019.06.036
https://doi.org/10.1016/j.ajhg.2022.03.004
https://doi.org/10.1097/EDE.0000000000000559
https://doi.org/10.1016/j.neulet.2011.03.025
https://doi.org/10.3389/fphys.2014.00231
https://doi.org/10.1002/mdc3.14029
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xia et al.

40. Frank E, Dyke A, MacKenzie S, Maskwa E, Frank S. Effects of percutaneous
endoscopic gastrostomy in patients with huntington disease. Neurol Clin Pract. (2021)
11:517-20. doi: 10.1212/CPJ.0000000000001094

41. Farag M, Coleman A, Knights H, Murphy M]J, Rajagopal S, Touze A,
et al. Outcomes of percutaneous endoscopic gastrostomy in huntington’s
disease at a tertiary center. Mov Disord Clin Pract. (2024). doi: 10.1002/mdc3.
14130

42. Mochel E Haller RG. Energy deficit in huntington disease: why it matters. J Clin
Invest. (2011) 121:493-9. doi: 10.1172/JCI45691

43. Zhao H, Xu L, Tang P, Guo R. Geriatric nutritional risk index and
survival of patients with colorectal cancer: a meta-analysis. Front Oncol. (2022)
12:906711. doi: 10.3389/fonc.2022.906711

44. Sanders CL, Wengreen HJ, Schwartz S, Behrens SJ, Corcoran C, Lyketsos CG,
et al. Nutritional status is associated with severe dementia and mortality: the cache
county dementia progression study. Alzheimer Dis Assoc Disord. (2018) 32:298-
304. doi: 10.1097/WAD.0000000000000274

45. Niu H, Chu M, Yang N, Wang D, Liu Y, Mao X, et al. Prognosis of patients with
coexisting obesity and malnutrition after ischemic stroke: a cohort study. Clin Nutr.
(2024) 43:1171-9. doi: 10.1016/j.cInu.2024.04.005

46. El-Sheikh M, El Caidi NO, Kandiah A, Tonning SH, Taraldsen IA, Wisborg FD,
et al. Associations of obesity and prognostic nutritional index on 1-year mortality
in patients with acute heart failure. Card Fail Rev. (2025) 11:¢03. doi: 10.15420/cfr.
2024.35

Frontiersin Nutrition

11

10.3389/fnut.2026.1718264

47. El-Sheikh M, El Caidi NO, Kandiah A, Tonning SH, Taraldsen IA, Wisborg FD,
et al. Prevalence and prognostic significance of malnutrition assessed by two scoring
systems in hospitalised elderly patients with chronic heart failure. Card Fail Rev. (2025)
11:€26. doi: 10.15420/cfr.2025.31

48. Valadao PAC, Santos KBS, Ferreira EVTH, Macedo ECT, Teixeira AL, Guatimosim
C, et al. Inflammation in huntington’s disease: a few new twists on an old tale. J
Neuroimmunol. (2020) 348:577380. doi: 10.1016/j.jneuroim.2020.577380

49. Field SE, Curle AJ, Barker RA. Inflammation and huntington’s disease—
a neglected therapeutic target? Expert Opin Investig Drugs. (2024) 33:451-
67. doi: 10.1080/13543784.2024.2348738

50. Gémez-Jaramillo L, Cano-Cano F, Gonzalez-Montelongo MDC, Campos-Caro
A, Aguilar-Diosdado M, Arroba AI. A new perspective on huntington’s disease:
how a neurological disorder influences the peripheral tissues. Int ] Mol Sci. (2022)
23:6089. doi: 10.3390/ijms23116089

51. Weiss A, Trager U, Wild EJ, Grueninger S, Farmer R, Landles C, et al. Mutant
huntingtin fragmentation in immune cells tracks huntington’s disease progression. J
Clin Invest. (2012) 122:3731-6. doi: 10.1172/JCI164565

52. Yazdani S, Seitz C, Cui C, Lovik A, Pan L, Piehl E et al. T Cell Responses at
diagnosis of amyotrophic lateral sclerosis predict disease progression. Nat Commun.
(2022) 13:6733. doi: 10.1038/s41467-022-34526-9

53. von Essen MR, Hellem MNN, Vinther-Jensen T, Ammitzboll C, Hansen RH,
Hjermind LE. et al. Early intrathecal T helper 171 cell activity in huntington disease.
Ann Neurol. (2020) 87:246-55. doi: 10.1002/ana.25647

frontiersin.org


https://doi.org/10.3389/fnut.2026.1718264
https://doi.org/10.1212/CPJ.0000000000001094
https://doi.org/10.1002/mdc3.14130
https://doi.org/10.1172/JCI45691
https://doi.org/10.3389/fonc.2022.906711
https://doi.org/10.1097/WAD.0000000000000274
https://doi.org/10.1016/j.clnu.2024.04.005
https://doi.org/10.15420/cfr.2024.35
https://doi.org/10.15420/cfr.2025.31
https://doi.org/10.1016/j.jneuroim.2020.577380
https://doi.org/10.1080/13543784.2024.2348738
https://doi.org/10.3390/ijms23116089
https://doi.org/10.1172/JCI64565
https://doi.org/10.1038/s41467-022-34526-9
https://doi.org/10.1002/ana.25647
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Clinical implications of malnutrition in Huntington's disease progression: evidence from a Chinese cohort and Mendelian randomization
	Introduction
	Methods
	Cohort study
	Study population
	Demographic and clinical data collection
	Malnutrition assessment
	Endpoints and follow-up
	Statistical analysis
	Genome-wide association study (GWAS) summary statistics
	MR analysis

	Results
	Baseline clinical characteristics
	Comparison of demographic and clinical features between HD with normal nutrition and malnutrition
	Associations between malnutrition and HD clinical characteristics
	Survival analysis of CONUT score and GNRI in patients with HD
	The causal association between nutrition-associated indicators and disease clinical characteristics

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


