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ABSTRACT

Objectives: Huntington’s disease (HD), characterized by choreiform movements, psychiatric problems, and de-
mentia, is an inherited progressive neurodegenerative disorder. While HD is typically perceived as a motor disorder, 
cognitive decline could manifest before the clinical symptoms. Cognitive impairments might appear as emotional 
instability, decreased vocabulary, or impaired executive functions. Herein, we aimed to evaluate the cognitive find-
ings of our patients diagnosed with HD and the relationship with disease parameters.

Methods: Our study included 15 patients and fifteen controls. To determine the clinical findings of the patients, 
the unified HD rating scale (UHDRS) was administered, and total motor score (TMS), independence scale scores, 
and functional capacity scores were calculated. To assess the cognitive status of individuals, the Montreal Cognitive 
Assessment Battery Turkish validated form (MOCA-TR), Stroop test Turkish validated form (Stroop test TBAG form), 
and Symbol Digit Modalities Test were conducted. 

Results: The MoCA-TR scores were significantly reduced in HD patients compared to controls (p<0.001). Among all pa-
tients, there was a notable elongation in completion time for the Stroop test TBAG form than controls (p<0.05). The 
MoCA-TR showed a robust negative correlation with the TMS while exhibiting a marked positive correlation with the 
independence scale score and functional capacity. Conversely, the MoCA-TR demonstrated a moderate negative corre-
lation with the disease burden score (DBS) and a pronounced negative relationship with the progression rate (p<0.05). 
A strong opposing correlation was observed between cytosine-adenine-guanine (CAG) repeats and the age of disease 
onset, whereas a highly significant positive relationship emerged between CAG repeats and the DBS (p<0.05).

Conclusion: We have demonstrated a strong correlation between patients’ cognitive scores and disease clinical 
findings. Patients’ cognitive scores have also been shown to impact disease burden and disease progression rate. 
The designation of cognitive impairment in the early stages could contribute to personalized disease-modifying 
treatment strategies.

Keywords: Cognition; cytosine-adenine-guanine; disease burden; huntington’s disease; montreal cognitive as-
sessment; stroop.

ÖZET

Amaç: Huntington hastalığı (HH), koreiform hareketler, psikiyatrik problemler ve bunama ile karakterize olan, 
kalıtsal ilerleyici bir nörodejeneratif hastalıktır. HH tipik olarak bir motor bozukluk gibi görülse de bilişsel gerileme 
hastalığın klinik belirtileri başlamadan önce bile ortaya çıkabilir. Kognitif bozulmalar; emosyonel labilite, kelime 
dağarcığı azalması, yürütücü işlevlerde bozulma gibi tablolarla prezente olabilmektedir. Bu çalışmada, genetik ve 
klinik olarak konfirme HH tanısı almış hastaların kognitif bulgularının ve hastalık parametreleri ile olan ilişkisinin 
değerlendirilmesi amaçlandı.
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Huntington’s disease (HD) is an inherited, progressive 
neurodegenerative condition distinguished by chor-

eiform movements, psychiatric issues, and cognitive de-
cline. It arises from an expansion of cytosine-adenine-gua-
nine (CAG) trinucleotide repeats in the huntingtin (HTT) 
gene on chromosome 4p and is inherited following an auto-
somal dominant pattern.[1]

HTT is found in numerous tissues across the body. However, 
the primary pathology predominantly affects the central ner-
vous system, prominently leading to atrophy of the caudate 
and putamen (collectively known as the neostriatum). HTT 
protein is believed to turn toxic due to CAG expansion.[2]

The typical count of repeats is 26 or fewer. Repeat number-
ing from 27 to 35 generally does not lead to symptoms, but 
exists a slight risk in the subsequent generation for expan-
sion, potentially entering the range associated with disease 
causation. Repeats from 36 to 39 exhibit incomplete pene-
trance, with individuals possibly experiencing symptoms, 
albeit typically with a delayed onset in life. When the num-
ber of repeats reaches 40 or more, the disease fully mani-
fests and results in symptoms.[3]

While no study has been conducted regarding the preva-
lence of HD in our country, the worldwide occurrence rate of 
HD stands at 4.88 cases per 100,000 individuals.[4]

Chorea, a central hallmark of HD, is the primary identifying 
symptom during the diagnosis phase. As the disease advances 
over time, the overall motor function gradually declines. The 
once prominent chorea might give way to a Parkinsonian 
state characterized by akinesia (lack of movement) and rigid-
ity in the later stages of the disease’s progression.[5]

Although HD is typically perceived as a motor dysfunction, 
cognitive decline can manifest even before the clinical symp-
toms of the disease. Cognitive impairments can present with 
symptoms such as emotional lability, decreased vocabulary, 
and impairment in executive functions.[6]

Due to HD presenting diverse symptoms, patients may be 
monitored under varying diagnoses. In this study, we aimed 
to evaluate the cognitive findings of patients with geneti-
cally and clinically confirmed HD who are being followed in 
our movement disorders clinic and assess their relationship 
with motor symptoms and trinucleotide repeat length.

Methods

This study was conducted at the University of Health 
Sciences, Fatih Sultan Mehmet Research and Training 
Hospital movement disorders clinic. It is single-center and 
cross-sectional research. In our study, fifteen patients diag-
nosed clinically and genetically with HD and fifteen healthy 
controls of similar age and gender who had signed a volun-
tary consent form were enrolled.

The CAG repeat numbers, family history, body mass index 
(BMI), weight loss, clinical dominance of disease, disease 
onset age, and disease durations of patients were recorded. 
Furthermore, the disease burden score (DBS) (DBS=[CAG - 
35.5]×age) and disease progression rate of all patients were 
calculated and recorded.[7] The progression rate was deter-
mined by dividing the duration of the disease (in years) by 
the patient’s functional capacity score.[8]

We determined the clinical severity of HD using the unified 
HD rating scale (UHDRS). In addition, we calculated the to-
tal motor score (TMS), independence scale, and functional 
capacity scores.[9]

Yöntem: Çalışmamıza 15 hasta ve 15 kontrol dahil edildi. Hastaların klinik skorlarını belirlemek için, Birleşik Huntington Hastalığı Değer-
lendirme Ölçeği (UHDRS) uygulandı, total motor skor (TMS), bağımsızlık ölçeği skorları ve fonksiyonel kapasite skorları hesaplandı. Hastaların 
kognitif durumunu belirlemek için Montreal kognitif değerlendirme bataryası Türkçe valide formu (MOCA-TR), Stroop test Türkçe valide formu 
(Stroop test TBAG formu) ve sembol sayı modaliteleri testi uygulandı.

Bulgular: Huntington hastalarında MOCA-TR skorları kontrollere göre anlamlı olarak azaldı (p<0,001). Hastaların Stroop testi TBAG formunun 
tamamlanma süresinde kontrollere göre belirgin bir uzama vardı (p<0,05). MoCA-TR skoru, hastaların bağımsızlık ölçeği puanı ve fonksiyonel 
kapasite skoru ile güçlü bir pozitif korelasyon sergilerken, toplam motor puanı ile güçlü bir negatif korelasyon gösterdi. Tersine, MoCA-TR 
skoru, hastalık yükü skoru ile orta derecede negatif bir korelasyon ve hastalık ilerleme hızı ile belirgin bir negatif ilişki gösterdi (p<0,05). CAG 
tekrarları ile hastalık başlangıç yaşı arasında güçlü bir negatif korelasyon gözlenirken, CAG tekrarları ile hastalık yükü skoru arasında oldukça 
anlamlı bir pozitif ilişki ortaya çıktı (p<0,05).

Sonuç: Çalışmada, hastaların kognitif skorları ile hastalığın klinik bulguları arasında güçlü bir ilişki olduğu gösterildi. Ayrıca hastaların bilişsel 
puanlarının hastalık yükünü ve hastalık ilerleme hızını da etkilediği belirtildi. Erken evrelerde bilişsel bozukluğun belirlenmesi, kişiselleştirilmiş 
hastalık değiştirici tedavi stratejilerine katkıda bulunabilir.

Anahtar sözcükler: Huntington hastalığı; sitozin adenin guanin; kognisyon; MoCA; Stroop testi; hastalık yükü.
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We administered the Turkish version of the Montreal Cogni-
tive Assessment Scale (MOCA-TR), the Symbol digit modal-
ities test (SDMT), and the Turkish version of the Stroop test 
(Stroop test TBAG form) to assess the cognitive status of pa-
tients and healthy controls.

The MOCA-TR utilized in the research comprises seven sec-
tions: visuospatial and executive functions, naming, atten-
tion, language, abstraction, delayed recall, and orientation. 
A score of 26 or higher is categorized as having intact cogni-
tive function.[10]

The SDMT is a measurement tool used to track cerebral dys-
function in children and adults. It consists of an arrange-
ment of abstract geometric shapes alongside verbal and 
written numerical answers. The completion of the test takes 
approximately 5 min.[11]

Standardization studies for our country were supported by 
the Scientific and Technological Research Council of Türkiye 
through the Basic Sciences Research Group (TBAG). There-
fore, the Turkish version of the test is entitled the Stroop Test 
TBAG Form.[12]

It consists of five parts: reading color names printed in black 
(Part 1), reading color names printed in different colors (Part 2), 
naming the colors of colored circles (Part 3), naming the colors 
of neutral words without color names (Part 4), and naming the 
colors of color names printed in different colors (Part 5).

Statistical analysis was conducted utilizing IBM SPSS Statis-
tics 23 software provided by IBM SPSS, Türkiye. Descriptive 

methods, encompassing mean, standard deviation, median, 
frequency, ratio, minimum, and maximum, were employed 
to summarize the data. To compare the ordinarily distrib-
uted quantitative data in two-group comparisons, a Stu-
dent’s t-test was utilized. For the comparison of qualitative 
data between the two groups, the Mann–Whitney U test was 
employed. Pearson’s chi-square was used to compare cate-
gorical data. To explore the relationships between variables, 
Spearman’s correlation was applied. Statistical significance 
was determined at a significance level of p<0.05.

The study was done appropriately to the Helsinki Declara-
tion and Ethical Committee approval date of April 13, 2023, 
and the number was 2023/66.

Results

The study was conducted with a total of thirty cases. The 
dominance of clinical findings were chorea in 10 (66.6%) 
patients, psychiatric symptoms in 4 (26.6%) patients, and 
bradykinesia in 1 (6.6%) patient. Although the average age 
of symptom onset for patients was 48.73±10.58, the average 
age of diagnosis for patients was 54.40±12.3. Four patients 
exhibited weight loss, with chorea being the predominant 
symptom across all of them. The mean CAG repeat num-
bers, family history, BMI, weight loss, clinical dominance 
of disease, disease onset age, disease durations, DBS, and 
progression rate of patients are shown in Table 1. In addi-
tion, the UHDRS TMS, independence scale, and functional 
capacity scores are presented in Table 1.

Table 1. Clinical characteristics of the patients

	 Patient (n=15) 

Sex (F/M)	 8 (53%) /7 
Age	 54.40±12.3
Age of disease onset	 48.73±10.58
Duration of disease	 4.53±3.48
BMI	 25.05±4.61
Weight loss (yes /no)	 4 (26%) /11 (74%)
Dominans of disease(N/% bradykinesia, chorea, psychiatric)	 1 (6.6), 10 (66.6), 4 (26.6)
Family history (N/% maternal paternal) 	 9 (60), 6 (40%)
CAG repeat length	 42.53±2.59
Progression rate	 2.25+2.72
Disease burden score	 368.33±121.80
UHDRS- total motor scores	 23.47±14.5
UHDRS- independence scale 	 69.33±22.1
UHDRS- functional capacity 	 5.80±4.87

N: Number; F: Female; M: Male; BMI: Body mass index; CAG: Cytosine-adenine-guanine; UHDRS:Unified 
Huntington’s Disease rating scale.
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MoCA-TR scores were considerably decreased in the HD pa-
tients compared to controls (p<0.001). When evaluating the 
domains of MoCA-TR in HD patients, visuospatial and exec-
utive functions, naming, attention, language, abstraction, 
and orientation were found to be statistically decreased 
than the control group (p<0.05). Nevertheless, there were 
no statistically noteworthy alterations among the HD and 
controls in delayed recall (p>0.05). Across all patients, there 
was a significant increase in Stroop test TBAG form comple-
tion time when compared to the controls (p<0.05) (Table 2).

Moca-TR exhibited a robust negative correlation with TMS 
and a strong positive correlation with the Independence Scale 
score and functional capacity. Conversely, Moca-TR showed a 
moderate negative correlation with DBS and a pronounced 
negative association with progression rate (p<0.05) (Table 3).

A strong inverse correlation exists between CAG repeats and 
disease onset age, while a highly significant positive associ-
ation was observed between CAG repeats and DBS (p<0.05) 
(Table 4).

Discussion

Due to the diversity in clinical presentation of HD and its in-
frequent occurrence, patients are often followed and treated 
with different diagnoses, which results in delays in diagno-

sis. Young-onset patients generally exhibit more bradykine-
sia, dystonia, and rigidity when compared to cases where 
symptoms appear in adulthood, and they have less (some-
times none) chorea. They present psychiatric and cognitive 
difficulties. On the other hand, late-onset patients typically 
present with chorea-predominant HD.[13] In our study, one 
of our patients was being monitored with a diagnosis of 
Parkinson’s disease, and four of our patients were being 
followed in psychiatric clinics. Although the age of disease 
onset of symptoms is young, the time of diagnosis is delayed 
by about 7 years in our patients.

Despite efforts to maintain adequate calorie intake, weight 
loss and cachexia are frequently observed in HD. Although 
the exact mechanisms behind weight loss are not yet fully 
understood, potential factors that might play a role include 
increased energy expenditure due to excessive movement 
and changes in cellular metabolism within muscle or adi-
pose tissue.[14] In a study involving 517 early-stage HD pa-
tients, those with higher CAG repeat numbers exhibited a 
faster rate of weight loss. However, a relationship between 
patients’ UHDRS scores increase and weight loss could not 
be found.[15] Although our patients’ BMI was within normal 
limits, all patients with weight loss presented with chorea. 
We did not find a correlation between weight loss and dis-
ease parameters.

Table 2. Comparison of cognitive findings of the patients and controls

	 Patients (n=15)	 Controls (n=15)	 p

Age	 54.4±12.3	 56.7±14.2	 0.64
Sex (F/M)	 8/7	 8/7	 1.0
BMI	 25.1±4.61	 26.6±5.1	 0.39
MOCA-TR	 15.0±6.1 	 24.9±3.1	 a<0.001*
Visualspatial/Exec. functions	 2.77±1.7 	 4.80±0.5	 a <0.001*
Naming	 2.54±0.6	 3.0±0	 a 0.01*
Attention	 2.62±1.8	 4.8±1.4	 a 0.003*
Language	 0.3±0.6	 1.93±1.2	 a 0.003*
Abstraction	 0.8±0.8	 1.87±0.5	 a <0.001*
Delayed recall	 1.15±1.4	 2.33±1.7	 0.06
Orientation	 4.69±1.3	 6.0±0	 a <0.001*
Symbol digit modalities test	 87.7±47.2	 113.9 ±7.8	 0.32
Stroop 1	 27.1±12.2	 10.3±2.5	 a <0.001*
Stroop 2	 35.0±15.9	 13.4±8.1	 a <0.001*
Stroop 3	 39.6±24.1	 14.0±2.9	 a <0.001*
Stroop 4	 58.1±25.9	 19.0±5.18	 a 0.002*
Stroop 5	 62.1±23.5	 26.1±8.2	 a <0.001*

*p<0.05; a: Mann-Whitney U test; N: Number; F: Female; M: Male; BMI: Body mass index; MOCA-TR:Turkish 
version of montreal cognitive assessment scale.
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In previous studies, a correlation has been observed be-
tween the CAG repeat length age of disease onset and the de-
cline in motor, cognitive, and functional capacity.[16] Günal 
et al.[8] demonstrated that more CAG repeats not only impact 
the age of disease onset but also accelerate its progression 
rate. Consistent with the existing literature, we found that 
the CAG repeat length influenced the age of disease onset. 
Additionally, we observed a strong relationship between the 
CAG repeat length and the DBS.

Research has shown a 50% reduction in striatal volume dur-
ing the clinical diagnosis of HD.[17] Growing evidence indi-
cates the presence of cognitive and psychiatric symptoms of 
the disease, emerging up to 15 years before its motor man-
ifestations. Recent studies focused on comprehending the 
most incapacitating facets of HD have indicated that cog-
nitive and behavioral changes exert the maximum burden 
on families. This circumstance has been closely linked to 
functional decline.[18] We have demonstrated a strong cor-
relation between patients’ cognitive scores, TMSs, indepen-
dence scale scores, and functional capacity. Patients’ cogni-
tive scores have also been shown to impact disease burden 
and disease progression rate.

Cognitive changes in the prodromal period typically consist 
of executive function impairment, which involves difficul-
ties in recalling and sequencing multiple tasks.[19] Along the 
course of the disease, cognitive impairments manifest with 
executive function deficits reflecting frontosubcortical cir-
cuit dysfunction, such as impulsive behaviors and apathy.
[20] Failures in performing tasks requiring attention func-
tions tend to increase with the clinical progression of HD.[18]

In our patients, visuospatial and executive functions, naming, 
attention, language, abstraction, and orientation were statis-
tically decreased than the control group. Notably, there was 
no statistically significant difference in delayed recall between 
groups. In line with the literature, this suggests that the chal-
lenges in HD stem from an ineffective memory search process. 
Although cognitive irregularities manifest early in HD, memory 
loss becomes evident in the later stages of the disease.[21]

Individuals with early cognitive and behavioral changes 
might have a higher likelihood of anosognosia and thus 
might not arrive promptly for a motor examination. Even 
among individuals from the same family and possessing a 
similar CAG repeat, HD could exhibit a unique beginning 
and advancement in symptoms.[22]

Table 3. Correlation of the MOCA-TR score and disease parameters of Huntington’s patients

Correlation Matrix of MOCA-TR

MOCA-TR	 Age of	 CAG	 Duration	 Total	 Independence	 Functional	 Disease	 Progression 
	 disease	 repeat	 of	 motor	 scale 	 capacity	 burden	 rate 
	 onset	 length	 disease	 scores		   	 score

Spearman’s rho	 −0.221	 −0.289	 −0.341	 −0.715**	 0.720**	 0.795**	 −0.589*	 −0.698**
p	 0.467	 0.338	 0.255	 0.006	 0.005	 0.001	 0.034	 0.008
n	 13	 13	 13	 13	 13	 13	 13	 13

*p<0.05, ** p<0.01, *** p<0.001, MOCA-TR: Turkish version of montreal cognitive assessment scale; CAG: Cytosine-adenine-guanine.

Table 4. Correlation of CAG repeat length and disease parameters of Huntington patients

Correlation Matrix of CAG repeat length

		  Age	 Age of	 Duration of	 Total	 Independence	 Functional	 Disease	 Progression 
			   disease	 disease	 motor	 scale	 capacity	 burden	 rate 
			   onset		  scores			   score

CAG
	 Spearman’s rho	 −0.431	 −0.679	 0.098 **	 0.201	 −0.157	 −0.128	 0.833***	 0.134
	 p	 0.109	 0.005	 0.729	 0.472	 0.576	 0.650	 <0.001	 0.634
	 n	 15	 15	 15	 15	 15	 15	 15	 15

*p<0.05; **p<0.01; *** p<0.001; CAG: Cytosine-adenine-guanine.
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Conclusion 

Currently, there is no effective treatment to halt the progres-
sion of HD. Especially in the early stages, the designation 
of cognitive impairment could contribute to the evolution of 
comprehensive neuropsychological rehabilitation programs 
and the implementation of personalized disease-modifying 
treatment strategies.
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