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Abstract. Spinocerebellar ataxia type 3 (SCA3) is a progres‑
sive neurodegenerative disorder for which reliable metabolic 
biomarkers are lacking. Insulin‑like growth factor binding 
protein 1 (IGFBP1), a stress‑responsive protein regulated by 
insulin signaling, serves as an indicator of neurodegenera‑
tive burden. The present study aimed to measure the plasma 
levels of insulin, glucose, IGF1, IGF2, IGFBP1, IGFBP3 and 
neurofilament light chain (NfL) in patients with genetically 
confirmed SCA3 and age‑matched controls. In addition, the 
association between the above molecules and clinical severity 
were assessed using the scale for the Assessment and Rating of 
Ataxia score, body mass index (BMI) and NfL levels, whereas 
metabolic‑neurodegenerative interactions were assessed by 
stratifying patients by insulin tertiles. A total of 32 individuals 
with SCA3 and 36 age‑ and sex‑matched controls were enrolled 
in the current study. The results demonstrated that patients with 
SCA3 exhibited markedly elevated IGFBP1, IGF2 and free IGF1 
levels, as well as reduced insulin and higher glucose‑to‑insulin 
ratios, thus indicating disrupted insulin signaling. IGFBP1 

was positively associated with SARA score and NfL levels 
and negatively associated with BMI. Notably, patients in the 
lowest insulin tertile (<3.65 µIU/ml) showed significantly 
higher IGFBP1 and NfL levels compared with the remaining 
groups, thus suggesting that the insulin/IGFBP1/NfL axis was 
associated with ataxia severity. Collectively, IGFBP1 could be 
a promising peripheral biomarker reflecting both metabolic 
and neurodegenerative processes in SCA3 and could facilitate 
monitoring of disease stages.

Introduction

The insulin/insulin‑like growth factor 1 (IGF1) signaling 
(IIS) pathway plays a notable role in regulating systemic 
metabolism, growth and cellular survival; it involves insulin, 
IGF1 and IGF binding proteins (IGFBPs), which collectively 
modulate glucose homeostasis and energy utilization (1,2). 
In the central nervous system (CNS), insulin and IGF1 are 
involved in neuronal maintenance, synaptic plasticity and 
myelination via regulation of metabolic and trophic signaling 
pathways. Dysregulation of the IIS pathway is involved in 
the onset of several neurodegenerative diseases, such as 
Alzheimer's disease, Parkinson's disease and Huntington's 
disease (3,4).

Spinocerebellar ataxia type 3 (SCA3), also known as 
Machado‑Joseph disease, is a progressive autosomal domi‑
nant neurodegenerative disorder which is characterized by 
cerebellar ataxia, pyramidal signs, peripheral neuropathy and 
autonomic dysfunction (5). The disease is caused by a CAG 
repeat expansion in the ataxin‑3 (ATXN3) gene, eventually 
leading to neurodegeneration. Neurofilament light chain 
(NfL) has emerged as a reliable blood biomarker reflecting 
neuronal injury and ataxia severity (6,7); however, additional 
biomarkers capturing metabolic dysfunction or systemic 
catabolism remain understudied.
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Early studies in SCA3 and other cerebellar ataxias 
indicate potential alterations in the IIS pathway, including 
reduced circulating insulin and IGFBP1 levels, suggesting 
an association between impaired metabolic signaling and 
disease status  (8,9). IGFBP1, one of the six high‑affinity 
IGFBPs, plays a central role in modulating IGF1 bioavail‑
ability and insulin sensitivity. Produced primarily in the liver, 
IGFBP1 is markedly downregulated by insulin and increased 
during fasting, metabolic stress and catabolic states. A study 
demonstrated that in contrast to insulin, IGFBP1 exhibited 
slower kinetics, making it a more stable indicator of sustained 
metabolic adaptation  (10). Elevated IGFBP1 levels have 
also been associated with reduced body mass index (BMI), 
hepatic dysfunction and adverse outcomes across chronic 
diseases, such as diabetes, chronic liver disease and systemic 
inflammatory states (11,12).

Furthermore, animal study using growth hormone demon‑
strated transient motor improvement and neuroprotective 
effects in SCA3 model (13), while IGF1 supplementation shows 
similar effects in both animal models and patients (14,15). 
However, these earlier investigations were limited by small 
sample sizes, variable treatment durations and the lack of 
direct association with objective biomarkers of neurodegen‑
eration, leaving the relevance of the IIS pathway, particularly 
IGFBP1, uncertain in the context of SCA3 pathophysiology. 
To address this gap, the present study investigated whether 
plasma IGFBP1 levels are associated with clinical manifesta‑
tions and neurodegenerative burden in SCA3. Particularly, the 
associations among IGFBP1, the Scale for the Assessment and 
Rating of Ataxia (SARA) (16), NfL, BMI (17) and insulin were 
assessed. Accordingly, a case‑control study was performed 
comparing individuals with SCA3 with age‑ and sex‑matched 
healthy controls to evaluate IGFBP1 as a potential biomarker 
of ataxia severity.

Materials and methods

Participants. A total of 32 patients with genetically confirmed 
SCA3 were recruited from the Changhua Christian Hospital 
(Changhua, Taiwan) between May 2021 and February 2022. 
The study protocol was approved by the Institutional Review 
Board of Changhua Christian Hospital (IRB nos. 200703 and 
200730 for healthy control), and written informed consent was 
obtained from all participants. The inclusion criteria were as 
follows: i) Patients with a confirmed CAG repeat expansion in 
the ATXN3 gene; and ii) age 20‑80 years. The exclusion criteria 
included comorbidities that could affect glucose or insulin 
metabolism, such as a cancer, stroke, heart failure, renal failure 
or diabetes mellitus, and conditions known to affect insulin 
or IGF signaling, including marked hepatic, renal or thyroid 
dysfunction, based on medical record review. Medication 
histories were also screened, verifying no use of drugs known 
to affect IGF1 or IGFBP1 levels except coenzyme Q10 (18), 
which was analyzed separately. Ataxia severity was assessed 
using SARA (16), a semi‑quantitative scale (range, 0‑40) evalu‑
ating gait, stance, limb coordination and speech (19). Based on 
SARA scores, patients were classified into the following three 
disease stages (20,21): Preclinical (SARA <3), stage I (SARA 
≤11) and stage II (SARA >11). The control group consisted 
of 36 age‑ and sex‑matched healthy individuals who met the 

same exclusion criteria to ensure comparable metabolic and 
clinical backgrounds. These participants were recruited from 
the outpatient clinics at Changhua Christian Hospital. Basic 
demographic and clinical data, including sex, age, BMI, age at 
onset, disease duration and CAG repeat number, were recorded 
for all participants.

Plasma biochemistry of NfL and IIS components. All blood 
samples were collected under standardized postprandial 
conditions. Participants consumed a typical Taiwanese‑style 
lunch (600‑700 kcal) with balanced macronutrient composition 
(carbohydrates, protein and fat). The meal was self‑selected by 
the participants and the details of the intake were self‑reported 
prior to the study measurements to confirm consistency with 
the required caloric and macronutrient range. The participants 
then followed a fixed sampling schedule, with blood drawn 
at ~2:00 p.m., corresponding to a consistent 2‑h postprandial 
interval. To minimize acute metabolic variability, no additional 
food, caffeine, caloric beverages, strenuous physical activity 
or nutritional supplementation were allowed between lunch 
and blood collection (22). Samples were drawn in 10 ml BD 
Vacutainer® EDTA tubes (Becton, Dickinson and Company), 
centrifuged at 1,400 x g at 4˚C for 15 min to obtain plasma and 
stored at ‑80˚C until analysis. All biochemical analyses were 
performed using plasma to ensure methodological consistency 
and minimize clot‑related pre‑analytical variability. Plasma 
NfL levels were quantified using the Simoa® NF‑light™ 
Advantage Kit (cat. no.  103186) and on the Simoa HD‑X 
ultra‑sensitive protein molecular detection instrument (both 
Quanterix) (23). Additionally, the plasma levels of IGF1, IGF2, 
IGFBP1, IGFBP3, glucose, and insulin were quantified using 
the Human IGFI/IGF1 Immunoassay kit (cat. no. DG100b) 
and the Human IGF2 Quantikine ELISA Kit (cat. no. DG200) 
(both R&D Systems China Co., Ltd.), the Human IGFBP‑1 
ELISA Kit (cat. no. ELH‑IGFBP; RayBiotech Life), the Human 
IGFBP3 ELISA Kit (cat. no. AB100541; Abcam), the Glucose 
Colorimetric Assay Kit (cat. no. 10009582; Cayman Chemical 
Company) and the Insulin ELISA Kit (cat. no. 10‑1113‑01; 
Mercodia AB), respectively, according to the manufac‑
turer's instructions. Free IGF1 levels were estimated using 
the IGF1/IGFBP3 ratio, a commonly used surrogate marker 
for bioavailable IGF1. This ratio provides an indirect estimate 
and does not replace direct measurement of free IGF1. Plasma 
glucose‑to‑insulin ratio (G/I ratio) was calculated as glucose 
(mg/dl) divided by insulin (µIU/ml) and used as a practical 
surrogate for insulin sensitivity in blood samples obtained 2 
h postprandially, in contrast to fasting‑based indices such as 
the Homeostatic Model Assessment 2 (24) or the Quantitative 
Insulin Sensitivity Check Index (25).

Statistical analysis. The normality of data distribution was 
assessed using the Shapiro‑Wilk test, and most demographic 
and IIS‑related variables showed non‑normal distributions 
and were therefore summarized as medians and interquartile 
ranges (IQRs). Group differences were compared using the 
Mann‑Whitney U test, and correlations were assessed using 
Spearman's rank correlation. Non‑parametric methods were 
applied throughout the analyses due to skewed distributions 
and presence of potential outliers. Categorical variables, such 
as sex, were analyzed using the χ2 test or Fisher's exact test, 
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as appropriate based on expected cell counts. For IGFBP1, 
the majority of control samples displayed optical density 
values at or below the lower limit of the standard curve. In the 
absence of a laboratory‑specific detection limit, the sensitivity 
of the assay (5 pg/ml) was used as a surrogate lower limit, 
and values below this threshold were imputed as sensitivity/√2 
(≈3.5 pg/ml), following established approaches for handling 
left‑censored biomarker data (26). Receiver operating char‑
acteristic (ROC) curve analyses were performed to evaluate 
the ability of IGFBP1 and other IIS markers to discriminate 
between early and advanced SCA3 stages, with area under the 
curve (AUC) values used to compare their diagnostic perfor‑
mance. Insulin levels were categorized into tertiles to produce 
three groups with an approximately equal number of cases 
in each group (T1, <3.65 µIU/ml; T2: 3.65‑9.35 µIU/ml; T3: 
>9.35 µIU/ml). Group differences between insulin tertiles were 
assessed using the Kruskal‑Wallis test, followed by Dunn's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference. All data analyses were performed using 
IBM Statistical Package for the Social Sciences for Windows, 
version 22.0 (IBM Corp.).

Results

Participant characteristics and baseline differences. A total 
of 32 genetically confirmed patients with SCA3 and 36 age‑ 
and sex‑matched healthy controls were enrolled in the present 
study. There were no significant differences in age [median, 
49.0 (IQR, 34.3‑54.8) vs. 47.5 (34.8‑55.0) years; P=0.754] 

or sex distribution (male, 62.5 vs. 61.1%; P=0.906) between 
groups. BMI was significantly lower in patients with SCA3 
compared with the healthy controls [21.8 (19.5‑25.4) vs. 23.6 
(21.8‑25.6) kg/m²; P=0.040]. In addition, plasma NfL levels 
were significantly elevated in the SCA3 group compared with 
the control group [27.8 (20.5‑32.5) vs. 6.3 (4.2‑7.6) pg/ml; 
P<0.001; Table I].

Elevated IGFBP1, IGF2 and free IGF, and insufficient insulin 
levels in patients with SCA3. Patients with SCA3 exhibited 
a significant increase in plasma IGFBP1 compared with 
controls [252.9 (72.8‑740.4) vs. 3.5 (3.5‑41.5) pg/ml; P<0.001]. 
Total IGF1 levels were also higher in the SCA3 group [92.6 
(67.9‑108.6) vs. 55.2 (34.0‑68.1) ng/ml; P<0.001], as were 
IGF2 levels [336.2 (316.2‑395.0) vs. 312.8 (271.7‑361.4) ng/ml; 
P=0.002]. No significant difference was observed in IGFBP3 
levels (P=0.873); however, the IGF1/IGFBP3 ratio, representing 
free IGF1, was significantly higher in patients with SCA3 [1.92 
(1.35‑2.49) vs. 1.27 (0.96‑1.75); P=0.002], suggesting enhanced 
IGF1 bioavailability (Table I).

To assess potential confounding by coenzyme Q10 supple‑
mentation, all demographic and IIS‑related variables were 
compared in patients treated (n=17) or not (n=15) with Q10. 
The results revealed no significant differences between the 
two groups (Table SI).

Given the observed elevation in IGFBP1, upstream 
insulin‑related parameters were further assessed to explore 
potential regulatory mechanisms. Glucose levels were compa‑
rable between the SCA3 and control groups [98.9 (81.2‑112.7) 

Table I. Demographics and insulin/IGF1 system of healthy controls (n=36) and patients with SCA3 (n=32).

Parameter	 Control	 SCA3	 P‑value

Demographic
  Male sex	 22 (61.1)	 20 (62.5)	 0.906
  Age, years	 47.5 (34.8‑55.0)	 49.0 (34.3‑54.8)	 0.754
  BMI, kg/m2	 23.6 (21.8‑25.6) 	 21.8 (19.5‑25.4) 	 0.040a

  Age at onset, years	 N/A	 35.0 (29.8‑45.0)	
  Duration, years	 N/A	 10.0 (4.0‑12.0)	
  CAG repeat number	 N/A	 71.5 (69.3‑74.0)	
  SARA	 N/A	 14.5 (7.4‑21.0)	
  NfL, pg/ml	 6.3 (4.2‑7.6)	 27.8 (20.5‑32.5)	 <0.001a

Insulin/IGF1 system			 
  IGF1, ng/ml	 55.2 (34.0‑68.1)	 92.6 (67.9‑108.6)	 <0.001a

  IGF2, ng/ml	 312.8 (271.7‑361.4)	 336.2 (316.2‑395.0)	 0.002a

  IGFBP1, pg/ml	 3.5 (3.5‑41.5)	 252.9 (72.8‑740.4)	 <0.001a

  IGFBP3, ng/ml	 43.3 (37.8‑47.9)	 41.8 (38.1‑54.6)	 0.873
  IGF1/IGFBP3 ratio 	 1.27 (0.96‑1.75)	 1.92 (1.35‑2.49)	 0.002a

  Glucose, mg/dl 	 95.9 (73.6‑116.5)	 98.9 (81.2‑112.7)	 0.708
  Insulin, µIU/ml 	 19.0 (8.8‑28.1)	 6.1 (2.6‑11.0)	 <0.001a

  G/I ratio	 6.0 (3.3‑9.3)	 17.1 (8.6‑35.0)	 <0.001a

Data are presented as median (interquartile range), with the exception of sex which is n (%). Sex was analyzed using the χ2 test, whereas all other 
continuous variables were analyzed using the Mann‑Whitney U test; aP<0.05. SCA3, spinocerebellar ataxia type 3; IGF1, insulin‑like growth 
factor 1; BMI, body mass index; SARA, scale for the assessment and rating of ataxia; NfL, neurofilament light chain; IGFBP, insulin‑like 
growth factor binding protein; N/A, not applicable.
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vs. 95.9 (73.6‑116.5) mg/dl; P=0.708], whereas insulin levels 
were significantly decreased in patients with SCA3 [6.1 
(2.6‑11.0) vs. 19.0 (8.8‑28.1) µIU/ml; P<0.001]. Consequently, 
the G/I ratio, a surrogate marker of insulin deficiency or 
sensitivity, was significantly increased in patients with SCA3 
[17.1 (8.6‑35.0) vs. 6.0 (3.3‑9.3); P<0.001], indicating impaired 
insulin signaling (Table I).

IGFBP1 distinguishes ataxia severity in SCA3. Patients 
with SCA3 were divided into early‑stage (SARA ≤11) and 
advanced‑stage (SARA >11) groups. Compared with early‑stage 
patients, those with advanced ataxia exhibited significantly 
higher plasma IGFBP1 levels [415.5 (207.9‑913.2) vs. 72.5 
(13.1‑108.1) pg/ml; P=0.003] as well as higher NfL levels 
[29.5 (25.1‑38.1) vs. 18.8 (17.0‑28.3) pg/ml; P=0.002]. These 
findings indicate that both IGFBP1 and NfL effectively distin‑
guish between early and advanced stages of ataxia in SCA3. 
As expected, patients in the advanced stage also had longer 
disease duration [11.0 (9.0‑15.0) vs. 4.0 (0‑6.0) years; P<0.001] 
and lower BMI [21.2 (18.8‑22.9) vs. 25.4 (22.1‑26.9) kg/m²; 
P=0.005], which was consistent with greater disease burden. 
Other IIS‑related parameters, including glucose, insulin, the 
G/I ratio, IGF1, IGF2, IGFBP3 and the IGF1/IGFBP3 ratio, did 
not differ significantly between stages (all P>0.05) (Table II). 
Furthermore, ROC curve analysis demonstrated that IGFBP1 
had the strongest discriminatory ability for differentiating 
early from advanced disease stages (AUC=0.829; 95% CI, 
0.646‑1.000; P=0.003). With an optimal cutoff value of 
139.1 pg/ml, a sensitivity of 91% and specificity of 82% was 

yielded, outperforming other IIS parameters (AUC range for 
other parameters, 0.385‑0.541) (Fig. 1; Table SII).

IGFBP1 is associated with clinical severity and neurode­
generative indicators. In the SCA3 cohort, Spearman's 
correlation analysis revealed that IGFBP1 levels were 

Table II. Subgroup analysis of SARA stage I (n=11) vs. Stage II (n=21) in patients with spinocerebellar ataxia type 3.

Parameter	 Stage I (SARA≤11)	 Stage II (SARA>11)	 P‑value

Demographics			 
  Male sex	 7 (63.6)	 13 (61.9)	 >0.999
  Age, years	 49.0 (29.0‑51.0)	 49.0 (41.5‑59.5)	 0.150
  BMI, kg/m2	 25.4 (22.1‑26.9)	 21.2 (18.8‑22.9)	 0.005a

  Age at onset, years	 33.0 (28.0‑45.0)	 35.0 (32.5‑46.5)	 0.945
  Duration, years	 4.0 (0‑6.0)	 11.0 (9.0‑15.0)	 <0.001a

  CAG repeat number	 71.0 (68.0‑73.0)	 72.0 (70.0‑75.0)	 0.402
  SARA	 5.0 (3.0‑8.5)	 20.0 (14.5‑22.5)	 <0.001a

  NfL, pg/ml	 18.8 (17.0‑28.3)	 29.5 (25.1‑38.1)	 0.002a

Insulin/IGF1 system			 
  IGF1, ng/ml	 73.0 (59.4‑124.8)	 94.2 (76.4‑107.1)	 0.577
  IGF2, ng/ml	 365.7 (320.1‑406.9)	 366.7 (310.6‑395.0)	 0.996
  IGFBP1, pg/ml	 48.3 (13.0‑137.0)	 415.5 (207.9‑913.2)	 0.002a

  IGFBP3, ng/ml	 40.2 (36.4‑72.5)	 41.9 (35.8‑53.8)	 0.907
  IGF1/IGFBP3 ratio	 1.54 (1.23‑3.17)	 1.96 (1.36‑2.48)	 0.815
  Glucose, mg/dl	 99.1 (81.2‑104.4)	 98.8 (81.2‑124.1)	 0.584
  Insulin, µIU/ml	 6.0 (4.0‑9.3)	 6.9 (2.2‑12.2)	 0.969
  G/I ratio	 18.2 (10.8‑21.7)	 16.1 (8.5‑38.4)	 0.696

All data are presented as median (interquartile range), with the exception of sex which is n (%). Sex was analyzed using the Fisher's exact test 
as appropriate, whereas all other continuous variables were analyzed using the Mann‑Whitney U test; aP<0.05. SARA, scale for the assessment 
and rating of ataxia; BMI, body mass index; NfL, neurofilament light chain; IGF1, insulin‑like growth factor 1; IGFBP, insulin‑like growth 
factor binding protein; G/I ratio, glucose/insulin ratio.

Figure 1. ROC curve analysis of IGFBP1 and other insulin/IGF1 
signaling‑associated markers for distinguishing early‑ and advanced‑stage 
spinocerebellar ataxia type 3. ROC, receiver operating characteristic; IGF, 
insulin‑like growth factor; IGFBP, IGF binding protein.
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positively correlated with SARA scores (r=0.401; P=0.023) 
and NfL (r=0.538; P=0.001), and negatively correlated with 
BMI (r=‑0.667; P<0.001). No significant association with 
CAG repeat length was observed (r=0.141; P=0.440) (Fig. 2). 
Although several higher IGFBP1 values were present, all 
measurements were deemed physiologically plausible and 
therefore no data points were excluded from the analysis.

Lower insulin is associated with elevated IGFBP1 and NfL. 
To further investigate the interplay between insulin signaling 
and neurodegenerative markers, patients with SCA3 were 
stratified into tertiles based on baseline plasma insulin levels. 
Log‑transformed IGFBP1 levels differed significantly among 
insulin tertiles (Kruskal‑Wallis test, P<0.001). Dunn's post 
hoc test revealed that patients in the lowest insulin tertile had 
significantly higher IGFBP1 levels than those in the middle 
(P<0.001) and highest tertiles (P=0.009), whereas no signifi‑
cant difference was observed between the middle and highest 
tertiles. Similarly, NfL levels also differed among insulin 
tertiles (P=0.046), with higher levels in the lowest vs. middle 
tertile (P=0.042), but no significant difference vs. the highest 
tertile (P=0.388; Fig. 3A and B). These findings suggested 
that insulin insufficiency could be associated with increased 
IGFBP1 expression and greater neuroaxonal damage. Notably, 
insulin concentrations were lowest in the tertile with the 
highest IGFBP1 and NfL levels, further supporting an inverse 
association between insulin signaling and neurodegenerative 
indicators. However, the association between insulin tertiles 

and IGFBP1 or NfL was not attributed to differences in ataxia 
severity or genetic factors, as SARA scores, age at onset and 
CAG repeat numbers were comparable across insulin tertiles 
(all P>0.05, Fig. S1).

Discussion

Although alterations in the IIS pathway have been described in 
SCA3, the clinical significance of circulating IGFBP1 remains 
unclear. The present study showed that plasma IGFBP1 levels 
were significantly elevated in patients with SCA3 and was 
associated with clinical severity (SARA), neurodegeneration 
(NfL) and BMI. These associations suggested that IGFBP1 
could reflect disease activity rather than genetic load, providing 
complementary information to CAG repeat length. While 
elevated IGFBP1 in SCA3 has been previously reported (8), 
the present study expanded these earlier findings by linking 
IGFBP1 to neurodegeneration biomarkers and directly 
comparing its performance with other IIS components. 
Notably, ROC analysis revealed that IGFBP1 outperformed 
other IIS components, including insulin, total/free IGF1 and 
IGF2, in distinguishing early from advanced disease stages, 
thus highlighting its potential as a clinically relevant and 
stage‑sensitive biomarker.

Normoglycemic hypoinsulinemia was evident in the 
current SCA3 cohort, which was consistent with previous 
findings (8). Although this pattern could arise from pancreatic 
β‑cell dysfunction or altered insulin kinetics, the present results 

Figure 2. Correlation between plasma IGFBP1 and clinical parameters. Spearman's correlation analyses between IGFBP1 and (A) scale for the assessment 
and rating of ataxia, (B) neurofilament light chain, (C) body mass index and (D) CAG repeat length in patients with spinocerebellar ataxia type 3. IGFBP1, 
insulin‑like growth factor binding protein 1; SARA, scale for the assessment and rating of ataxia; NFL, neurofilament light chain; BMI, body mass index.
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suggested that reduced insulin availability could be involved 
in the upregulation of hepatic IGFBP1 secretion. The present 
finding was supported by the observation that patients with the 
lowest insulin levels exhibited the highest IGFBP1 and NfL 
concentrations, thus indicating that peripheral insulin insuf‑
ficiency could exacerbate central neurodegeneration. Notably, 
this coordinated elevation of IGFBP1 and NfL occurred even 
when clinical severity (SARA scores) and genetic factors 
(CAG repeat length) were comparable across groups, thus 
suggesting that the IGFBP1/NfL association could reflect a 
shared underlying biological process linking metabolic stress 
and neuroaxonal damage, rather than merely mirroring clinical 
ataxia severity. Furthermore, the significantly increased G/I 
ratio in patients with SCA3 compared with healthy controls 
indicated decreased insulin secretion rather than insulin resis‑
tance, despite the absence of overt hyperglycemia. Notably, this 
ratio remained comparable between early‑vs. advanced‑stage), 
suggesting that impaired insulin secretion is a stable metabolic 
characteristic in this patient cohort.

IGFBP1 serves a key role in regulating IGF1 availability by 
binding circulating IGF1 with high affinity, thereby reducing the 
fraction of free IGF1 capable of activating IGF1 receptors (27). 
Hepatic IGFBP1 synthesis can be increased under conditions of 
low insulin, fasting or metabolic stress, thereby further limiting 
IGF1 bioactivity (28). As IGFBP1 can cross the blood‑brain 
barrier (29), elevated peripheral IGFBP1 levels can be translated 
into diminished IGF1 signaling within the CNS (30). Such 
inhibition could compromise IGF1‑mediated neuroprotective 
pathways, which are particularly relevant in SCA3, where myelin 
and oligodendrocyte dysfunction can be involved in disease 
pathogenesis (31,32). In addition, a previous study demonstrated 
that IGFBP1 expression was affected by inflammatory media‑
tors, such as IL‑6, which were increased in the brain tissues of 
patients with SCA3 (33). The catabolic state associated with 
advanced SCA3, characterized by lower BMI and potential 
sarcopenia, can further drive IGFBP1 upregulation (12,34,35); 

therefore, IGFBP1 could not only reflect metabolic stress but 
could also exacerbate neurodegeneration by inhibiting IGF1 
signaling and myelination (10,36). Taken together, these data 
suggested that IGFBP1 could represent a point of convergence 
between peripheral metabolic insufficiency and central neuro‑
degenerative processes in SCA3. Unlike CAG repeat number, 
which reflects genetic risk, IGFBP1 appears to reflect disease 
activity, thus providing a sensitive indicator for monitoring 
disease progression and therapeutic response. Although, this 
proposed mechanism, whereby circulating IGFBP1 could cross 
the blood‑brain barrier and attenuate central IGF1 signaling, is 
intriguing, it should be regarded as a working model rather than 
a demonstrated pathway. Direct evidence is still needed to verify 
whether IGFBP1 could directly contribute to neurodegeneration 
or reflect consequences of disease‑related metabolic dysregula‑
tion. Future studies incorporating measurements of IGFBP1 in 
cerebrospinal fluid or brain tissues from SCA3 models, as well 
as experiments exploring IGF‑independent actions that could 
underly its association with ataxia severity, should be conducted.

The present study showed elevated circulating IGF2 levels 
in patients with SCA3, a finding not previously reported. 
Although IGF2 was not a primary focus of the present study, 
its elevation in SCA3 could reflect a compensatory response to 
impaired insulin signaling or enhanced catabolic stress (37). 
While IGF2 levels did not correlate with ataxia severity, prior 
studies in other neurodegenerative models suggest a potential 
neuroprotective role for IGF2 (38,39). These observations raise 
the possibility that increased IGF2 in SCA3 could represent an 
adaptive mechanism to counteract metabolic or proteostatic 
imbalance, warranting further investigation.

The present study has several limitations. Firstly, the 
sample size, while comparable to previous biomarker studies 
in rare neurodegenerative disorders (7,8,40), remains modest 
and could limit the statistical power to detect more subtle 
associations, including those between IGFBP1 levels and 
CAG repeat length. Consequently, the generalizability of 

Figure 3. Associations between insulin levels, NfL and IGFBP1 in the spinocerebellar ataxia type 3 cohort. Participants were stratified into tertiles based on 
plasma insulin concentrations: First tertile (n=11; <3.65 µIU/ml), second tertile (n=11; 3.65‑9.35 µIU/ml) and third tertile (n=10; >9.35 µIU/ml). (A) Associations 
between insulin levels and log‑transformed IGFBP1 is shown. (B) Association between insulin levels and plasma NfL are presented. Data are expressed as the 
median ± interquartile range. Statistical significance was determined by Kruskal‑Wallis test followed by Dunn's post hoc test. *P<0.05. NfL, neurofilament 
light chain; IGFBP1, insulin‑like growth factor binding protein 1.
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the findings should be interpreted with caution. Future and 
larger multi‑center studies with more diverse SCA3 cohorts 
are needed to validate the results of this study and to further 
clarify disease‑biomarker associations. Additionally, longi‑
tudinal data are also necessary to establish IGFBP1 as a 
reliable marker of disease progression over time. Mechanistic 
investigations are also warranted to assess whether IGFBP1 
could exert a causal role in neurodegeneration or if it primarily 
reflects downstream disease‑related metabolic dysregulation. 
Finally, therapeutic strategies aimed at modulating the IIS, 
through insulin sensitizers, IGF1 supplementation or IGFBP1 
inhibition, warrant further investigation in future trials.

Overall, the results of the current study suggested that 
IGFBP1 could be a promising biomarker for ataxia severity 
and neurodegeneration in SCA3; its strong associations with 
NfL, SARA and BMI supported its potential clinical utility 
in disease monitoring and stratification. IGFBP1 could also 
represent a mechanistic link between metabolic dysfunction 
and CNS pathology in SCA3.
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