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Abstract

The study aimed to explore the prognostic role of cystatin C (Cys C) in amyotrophic lateral sclerosis 
(ALS). Patients with sporadic ALS were consecutively recruited and follow-up. Blood tests of Cys C 
were conducted at the first time of evaluation. Online database was systematically searched to identify 
studies on Cys C and ALS. Meta-analyses were conducted to provide evidence for clinical application 
of Cys C in ALS. A total of 143 ALS patients with available data of Cys C were included in our 
analysis. Correlation analyses revealed serum levels of Cys C were positively correlated with lower 
motor neuron (LMN) score (rho=0.180, p=0.032). Pooled results suggested that serum level of Cys C 
was significantly higher in ALS population than that in healthy controls (HCs) (MD 0.50, 95%CI 0.43-
0.57). In cerebrospinal fluid (CSF), the level of Cys C was predominantly higher in HCs than that in 
ALS (MD 0.32, 95%CI 0.12-0.53). There was a positive correlation between serum level of Cys C and 
progression rate in ALS (rho=0.18, 95%CI 0.10-0.25). Serum level of Cys C was a predictor of death 
or invasive respiratory support of ALS patients (HR 1.33. 95%CI 1.18-1.51). The level of Cys C was 
significantly elevated in serum and decreased in CSF among ALS population compared to HCs. Serum 
level of Cys C was significantly higher in patients with severe LMN involvement, and might act as a 
potential predictor of ALS progression and death.
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INTRODUCTION
Amyotrophic lateral sclerosis (ALS), 
characterized by involvement of both upper 
motor neuron (UMN) and lower motor neuron 
(LMN), is a fatal neurodegenerative disorder.1  
As the typical phenotype of motor neuron disease 
(MND), the relentless progression of paralysis 
and atrophy troubles numerous ALS patients and 
their caregivers, causing enormous economic 
losses, care burden and high prevalence of 
psychological disorders within these groups.2,3 
The pathogenesis of ALS remains unclear. 
Around 5-10% ALS patients carry causative gene 
mutations in SOD1, TARDBP, FUS, etc, which 
are known as the familial ALS.4 The majority 
are sporadic, presenting huge heterogeneity in 
clinical manifestations, disease progression and 
survival.5  Although several drugs can lower the 
progression rate of ALS, no effective disease-
modifying treatment has been found.

One main problem of research on ALS is 
the lack of reliable biomarkers for disease 
monitoring. Cystatin C (Cys C) is a non-
glycosylated 13-kDa basic protein that is present 
in all human body fluids, but is most abundant in 
the cerebrospinal fluid (CSF).6  Commonly used 
as a renal function indicator, Cys C abnormally 
altered in neurodegenerative disease including 
Alzheimer’s disease (AD), Parkinson’s disease 
(PD) and multiple systematic atrophy (MSA), 
and may play an important role in aging.7-9 It has 
been reported that Cys C was stained positive 
in Bunina bodies, which was the only specific 
pathological hallmark of ALS.10  A meta-analysis 
involving nine studies in 2018 suggested that Cys 
C levels in CSF were significantly lower in ALS 
patients than in HCs, but there was no statistical 
difference in serum.11 A negative correlation 
between serum Cys C and ALSFRS-R score was 
also reported by Ren et al.12, which indicated 
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that Cys C might be a useful indicator for ALS 
progression.

In the study, we explored the prognostic 
effects of Cys C on ALS among a Chinese 
cohort. An updated meta-analysis based on Zhu 
et al. in 201811 and Agah E et al. in 201813 was 
conducted to further provide evidence for the 
clinical application of Cys C in ALS in evidence-
based medicine (EBM). 

METHODS
Subjects

A prospective single-center cohort study of ALS 
was conducted at the Department of Neurology, 
Peking Union Medical College Hospital 
(PUMCH). Patients diagnosed as definite or 
probable ALS according to the revised El 
Escorial criteria14 were consecutively recruited 
and registered online. All enrolled patients 
were recorded with their name, gender, age, 
clinical symptoms and medications with detailed 
physical examination. All included patients 
were assessed using the ALSFRS-R score.15 

Muscle strength was measured using the Medical 
Research Council (MRC) score, including 
assessment of the following muscle actions: neck 
flexion and extension, bilateral neck rotation, 
shoulder abduction, elbow flexion, elbow 
extension, wrist flexion, wrist extension, finger 
flexion, finger extension, thumb abduction, little 
finger abduction, hip flexion, knee flexion, knee 
extension, ankle dorsal extension, ankle plantar 
flexion, toe dorsal extension, and toe plantar 
flexion. The total MRC score was 180. 

A follow-up interview was performed every 
three to six months either by phone call or in 
our outpatient clinic to collect a follow-up 
ALSFRS-R score till patients died or needed 
invasive respiratory support. Patients that could 
not be followed up at the appointed time or 
misdiagnosed were excluded from our cohort. 
Patients with causative gene mutations or 
familial history of MND were excluded. A total 
of 1372 patients with sporadic ALS were enrolled 
and followed-up for at least three months from 
September 2015 to October 2023 was involved 
in the study. And only patients with Cys C values 
were involved in our analyses.

The study was approved by the Ethics 
Committee of the Peking Union Medical College 
Hospital (PUMCH) (JS1210). Informed consent 
was obtained from all participants and/or their 
legal guardians.

Blood tests for Cys C levels

Samples were collected by venipuncture, 
performed between 8:00 and 11:00a.m., after 
fasting from midnight at the time of first 
evaluation in our institution. The blood specimens 
were left at room temperature for 30min to clot 
and centrifuged for 10min at 1,200g. The CysC 
level was measured by the automated particle-
enhanced immunoturbidimetric method, and the 
measurement were completed in the Olympus 
AU5400 analyzer (Olympus, Tokyo, Japan) 
using the manufacturer’s reagents. In addition, 
creatinine (Cr), estimated glomerular filtration 
rate based on Cys C (eGFR-Cys C)16 and the 
ratio of Cr and Cys C (Cr/Cys C)17 were also 
measured based on prior studies. Patients with 
renal dysfunction were excluded from our 
analysis. All the experiments in the study were 
conducted in the Department of Laboratory 
Medicine of PUMCH to ensure homogeneity of 
the results.

Identification of included indicators

Severity of UMN and LMN damage was evaluated 
using the Penn UMN score (Penn score)18, and a 
modified version of the LMN score.19 Besides, 
the neurophysiological burden of LMN damage 
was evaluated using a semiquantitative score for 
active and chronic denervation (AD and CD, 
respectively) in affected muscles which was 
recently validated by Gentile et al.20 According 
to the operating procedures of our laboratory 
of electromyography (EMG), we simplified 
the relevant items and the numbers of tested 
muscles, which was provided in Supplementary 
Table 1. Assessment of respiratory function was 
based on the respiratory ALSFRS-R score15 and 
percentages of forced vital capacity (%FVC). 
The King’s Clinical Staging System for ALS21 
was used to evaluate the changes of Cys C levels 
in disease course.

The progression rate was calculated by the 
difference of the ALSFRS-R score divided by the 
time interval in months (decrease of ALSFRS-R 
per month).22  We selected ALSFRS-R score at 
the first (3-6 months) and second (9-12 months) 
follow-up visits as the indicators to represent 
early and late stages of disease condition, 
respectively. Survival time referred to the time 
(months) between onset of ALS and death or 
need for invasive respiratory support. 
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Literature search and data extraction

We identified relevant studies published from 
inception to November 2024 by searching on 
PubMed. Studies were restricted to human species 
and only English manuscripts was involved. 
The keywords “amyotrophic lateral sclerosis” 
or “motor neuron disease” in combination with 
“cystatin C” were used for online searching. No 
filter for study designs was applied. Pertinent 
studies were also identified during the screen of 
reviews and reference lists of search results. After 
the exclusion of duplication, titles and abstracts 
were screened during the initial selection. 
Further review was based on the full texts. Two 
authors (Nan Hu and Huihong Tian) screened 
all the studies independently. The disagreement 
was resolved by a senior reviewer (Mingsheng 
Liu). This work was performed according to 
the Meta-analysis of Observational Studies in 
Epidemiology (MOOSE)23 and the Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses.24

Based on our perspectives, studies that 
satisfied the following criteria were included 
in the meta-analysis: (1) Studies that reported 
levels of Cys C both in ALS patients and healthy 
controls (HCs); (2) Studies that available 
correlation coefficient between levels of Cys C 
and ALS progression rate or hazard ratio (HR) 
with 95% confidence interval (CI) between Cys 
C levels and ALS survival time. Studies which 
focused on specific participants or lack of clear 
definition of control groups were excluded. Due 
to the considerable differences in levels of Cys C 
among different diseases, studies that compared 
Cys C levels between ALS and disease controls 
were not included in the meta-analysis, but were 
systematically discussed in the study.

Data extraction was carried out by two authors 
(Nan Hu and Huihong Tian) independently. 
From each eligible study, we collected authors, 
publication year, geographical region, mean age, 
gender ratio (female/male), study period, study 
design, sample size, disease duration, ALSFRS-R 
score, diagnostic criteria. The values of Cys C 
levels in serum and CSF in both patients with 
ALS and HCs were collected for comparisons. 
Correlation coefficients and HR with 95%CI 
were collected for the analysis of the impacts 
of Cys C on ALS progression and survival. If 
necessary, we tried to contact the corresponding 
author of relevant studies for more information.

We used Agency for Healthcare Research 
and Quality (AHRQ) scale as reference for 

quality assessment for the included cross-
sectional studies and Newcastle-Ottawa Quality 
Assessment Scale (NOS) for included cohort 
studies. Two reviewers (Nan Hu and Jianfeng 
Ding) performed the assessment separately 
and disagreements were resolved by a senior 
reviewer (Mingsheng Liu).

Statistical analysis

The Shapiro-Wilk test was used to assess whether 
data exhibited a normal distribution. Normally 
distributed variables were expressed as means 
(standard deviation, SD) and non-normally 
distributed variables were expressed as medians 
(interquartile range, IQR). Nonparametric test 
was used for comparisons of non-normally 
distributed variables between groups. Spearman 
correlation coefficient was used for the 
correlation analysis and a Bonferroni correction 
was applied for multiple testing. Kaplan-Meier 
curve was used for survival analysis, with ALS 
onset as zero time and death as the end-point 
event. Cox proportional hazard models was 
used to evaluate the prognostic role of blood 
parameters. Significance was defined as p<0.05.

For levels of Cys C in ALS group and HCs, 
the MD (mean difference) and 95%CI were 
calculated. Pooled HR with 95%CI was used to 
reflect the prognostic role of Cys C and related 
biomarkers in ALS. Heterogeneity was tested 
with I2 statistics and data of heterogeneous 
studies with I2>50% would be calculated using 
random-effects model. Funnel plot was used 
to detect the publication bias. To examine the 
stability of the pooled results, each study was 
omitted at a time and the pooled results of the 
rest studies was recalculated.

Statistical analyses were performed using 
SPSS 23.0 and Stata 15.0.

RESULTS
Results of our cohort

A total of one hundred and forty-three ALS 
patients with available data of Cys C were 
included in our analysis. The demographic 
characteristics were presented in Table 1. The 
median (IQR) serum levels of Cys C were 
0.87 (0.79-0.98). No significant difference was 
revealed in serum levels of Cys C, Cr, Cr/Cys C 
or eGFR-Cys C among different clinical stages 
(Supplementary Figure 1). Comparisons in 
onset age (51.32±18.54, p=0.546), gender ratio 
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(female/male 598/631, p=0.841), bulbar onset 
(17.84%, p=0.124), total MRC score (158±6, 
p=0.311), ALSFRS-R score (41±3, p=0.189) 
between involved patients and excluded patients 
showed no significance.

Serum levels of Cys C were positively 
correlated with LMN score (rho=0.180, 
p=0.032), but not significantly related to Penn 
score or ALSFRS-R score at baseline. There 
were negative correlations between Cr/Cys C 
and LMN score (rho=-0.177, p=0.034), AD 
score (rho=-0.645, p=0.009), and CD score 
(rho=-0.608, p=0.016). In addition, eGFR-Cys C 
was negatively related to AD score (rho=-0.529, 
p=0.043). Further analysis showed a remarkable 
relationship between serum levels of Cr and Cys 
C (rho=0.380, p<0.001). (Table 2)

At baseline, no prominent effect of Cys C and 
related biomarkers on progression rate before 
enrollment [(48-baseline ALSFRS-R)/disease 
duration in months] was revealed. During the 
initial 6-month follow-up, serum levels of Cys 
C were significantly related to ALS progression 
rate (rho=0.317, p=0.014, N=120). However, 
the correlation was not significant at the second 
visits during follow-up (rho=0.248, p=0.336, 
N=88). No remarkable correlation between Cr, 
Cr/Cys C, eGFR-Cys C and progression rate 

Table 1: Baseline characteristics of involved ALS patients
Items N ALS patients
Onset age (years old) 143 50.64±11.55
Gender (F/M) 69/74
BMI (kg/m2) 23.58±2.89
Bulbar onset (n, %) 23 (16.08%)
Disease duration (months) 15 (9-24)
Total MRC score 163 (148-176)
ALSFRS-R score 42 (39-44)
Riluzole (n, %) 34 (23.78%)
Serum creatinine 61 (51-68)
Serum cystatin C 0.87 (0.79-0.98)
Penn score 15 (11-17)
LMN score 6 (4-7)
AD score 15 9 (8-9)
CD score 5 (3-6)

Abbreviations: AD active denervation, ALS amyotrophic lateral sclerosis, ALSFRS-R the revised ALS functional research 
scale, BMI body mass index, CD chronic denervation, F female, LMN lower motor neuron, M male, MRC the Medical 
Research Council.
Note: Normally distributed variables were expressed as means±standard deviation (SD) and non-normally distributed 
variables were expressed as medians (interquartile range, IQR).

during follow-up was revealed. (Table 3)
As of October 2023, a total of 75 (52.45%) 

patients died or needed invasive respiratory 
support. As shown in Supplementary Figure 2, 
Kaplan-Meier curve suggested that the median 
(95%CI) survival time of included patients was 
47.0 (38.5-55.5) months. Table 4 presented the 
results of survival analysis, and we found no 
significant relationship between serum levels of 
Cys C, Cr, Cr/Cys C, eGFR-Cys C and survival 
time in our cohort.

Literature selection

A total of 108 studies were included in our 
study, including the results of keywords search 
(n=116) and additional records identified from 
reference lists (n=12). After the detailed reading 
of full texts, eleven articles12,25-34 were potentially 
eligible for meta-analysis (Supplementary 
Figure 3). Five studies12,25,27,31,32 reported the 
serum levels of Cys C in ALS and HCs, and six 
studies12,29-31,33,34 provided the CSF levels of Cys C 
in patients with ALS and HCs. Data of Spearman 
coeffecient between serum levels of Cys C 
and ALS progression rate was given in two12,28 
online studies, three25,26,28 previous studies were 
included in the meta-analysis of survival time. 
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The main information of included studies was 
given in Supplementary Table 2. We assessed 
the quality of included studies using AHRQ 
and NOS checklists. The results were shown in 
Supplementary Table 3 and 4, which suggested 
that all included studies were moderate or high 
quality. 

Risk of bias assessment for included studies

Bias from characters of population

The diversity of demographic features including 
onset age, gender, geographical region, the 
disease duration and baseline ALSFRS-R score 
might contribute to the bias of synthesized 
results. Besides, the proportion of bulbar onset 
varied, which might result in significant inter-
study differences.

Bias from selection of ALS patients and 
adjustments

Included studies set different restrictions at the 
enrollment of ALS population, which provided 
in the Item “Exclusion” in Supplementary Table 2. 
The adjustments in the survival analysis were 
also different among included studies.

Bias from study design 

There were five cross-sectional studies and six 
prospective studies included in our analysis. 
Differences between study designs and the 
deficiencies of cross-sectional studies might 
contribute to the bias of our results.

Results of meta-analysis

Pooled results involving 1660 ALS patients and 
1820 HCs suggested that serum level of Cys 
C was significantly higher in ALS population 
than that in HCs (MD 0.50, 95%CI 0.43-0.57) 
(Figure 1A). In CSF, the level of Cys C was 
predominantly higher in HCs than that in ALS 
(MD 0.32, 95%CI 0.12-0.53) (Figure 1B). 

As presented in Figure 1C, a positive 
correlation was found between serum levels of 
Cys C and progression rate in ALS (rho=0.18, 
95%CI 0.10-0.25). Pooled analysis involving 
four longitudinal studies indicated that serum 
level of Cys C was a risk factor of death or 
invasive respiratory support of ALS patients 
(HR 1.33. 95%CI 1.18-1.51) (Figure 1D). No 
significant heterogeneity was revealed in these 
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analyses and Funnel plot suggested no significant 
publication bias of included studies.

DISCUSSION
There was an urged need to find reliable 
biomarkers for ALS monitoring. Cys C, a 
lysosomal protein, was extensively expressed in 
neurons, astrocytes, endothelial and microglial 
cells in the brain and was also found in body 
fluids.35 Initially used as an indicator of renal 

Table 3: Correlation analysis between Cyc C and progression rate

Pre-progression Post progression 
(3-6 months)

Post progression 
(9-12 months)

rho p rho p rho p
Cys C -0.100 0.234 0.317 0.014 0.248 0.336
Cr -0.121 0.149 -0.054 0.683 -0.119 0.650
Cr/Cys C -0.087 0.303 -0.183 0.166 -0.325 0.203
eGFR-Cys C 0.054 0.523 -0.218 0.097 -0.144 0.583

Abbreviations: Cr creatinine, Cys C cystatin C, eGFR estimated glomerular filtration rate.
Note: Spearman coefficient was used for analysis, and p<0.05 was considered significance, which was bold.

Table 4: Univariate and Multivariate Cox survival analysis regarding Cystatin C

Model 0 Model 1 Model 2
Hazard ratio 
(95% CI)

p Hazard ratio 
(95% CI)

p Hazard ratio 
(95% CI)

p

Cys C
<0.87 1 1 1
≥0.87 1.402 (0.886-

2.220)
0.149 1.219 (0.719-

2.067)
0.462 1.393 (0.813-

2.386)
0.228

Cr
  <61 1 1
  ≥61 0.878 (0.555-

1.390)
0.579 0.876 (0.551-

1.392)
0.575

Cr/Cys C
  <69.6 1 1
  ≥69.6 0.772 (0.488-

1.222)
0.270 0.783 (0.479-

1.277)
0.372

eGFR-Cys C
  <85.5 1 1

≥85.5 0.643 (0.405-
1.021)

0.061 0.700 (0.402-
1.221)

0.209

Abbreviations: ALSFRS-R the revised ALS functional research scale, BMI body mass index, CI confidence interval, Cr 
creatinine, Cys C cystatin C, eGFR estimated glomerular filtration rate.
Note: Model 0, unadjusted model; Model 1, adjusted by age, gender, onset region, BMI, baseline ALSFRS-R score and 
intake of Riluzole; Model 2, adjusted by age, gender, onset region, BMI, baseline ALSFRS-R score, intake of Riluzole 
and Cr. p<0.05 was considered significance.

function, Cys C was superior to Cr as it was 
unaffected by age, sex, and muscle mass.36 

Studies have proved the usefulness of Cys C as 
a biomarker of renal function in ALS patients 
and proposed that its applicability could be 
extended to other neuromuscular diseases.32 
Besides, eGFR based on Cys C could be used 
for disease monitoring in ALS patients who 
received long-term treatment with edaravone37 
and serum Cr/Cys C have emerged as promising 
biomarkers for assessing muscle mass.16 In the 



987

study, we explored the prognostic roles of Cys C 
in a prospective ALS cohort and systematically 
summarized the results of prior studies on Cys 
C and ALS.

Our results suggested the levels of Cys C were 
significantly elevated in serum and decreased 
in CSF among ALS population compared to 
HCs. Studies on large samples of community 
population17,38 and that compared ALS with other 
diseases12,31,33,39-41 reported similar results. The 
epidermis of ALS was immunohistochemically 
strongly positive for Cys C as compared with that 
of controls, suggesting that a metabolic alteration 
of Cys C also took place in the skin of ALS.42 
The observed discrepancy between serum and 
CSF levels of Cys C might reflect compartment-
specific regulatory mechanisms. Cys C was 
produced by various tissues, and increased serum 
levels might be driven by systemic inflammation, 
which was increasingly recognized in ALS. 
In contrast, CSF levels might be influenced 
by blood-CSF barrier dysfunction or rapid 
clearance via impaired glymphatic pathways in 

neurodegeneration. It was reported that in CSF 
there might be an increased sequestration of Cys 
C into Bunina bodies10, a pathologic hallmark in 
LMN of ALS.43 However, the abnormal changes 
of Cys C were also reported in AD, PD and 
MSA.7,9,43 Cao et al. reported that CSF cystatin 
C levels were significantly lower in patients with 
anti-N-methyl-D-asparate receptor (NMDAR) 
encephalitis than in patients with ALS, especially 
among those with poor functional status.29 

Despite these promising associations, several 
limitations temper the interpretation of Cys C as 
a specific ALS biomarker. First, elevated serum 
Cys C is not unique to ALS; it has been reported 
in other neurodegenerative diseases, chronic 
kidney disease, and inflammatory disorders. 
Second, the absence of disease control groups, 
such as patients with other lower motor neuron 
syndromes (e.g., spinal muscular atrophy, 
progressive muscular atrophy), limits our 
ability to assess diagnostic specificity. Future 
prospective studies should include such controls 
to determine whether Cys C could effectively 
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differentiate ALS from mimicking conditions. 
All these suggested that it might be a biomarker 
of neuron degeneration or damage rather than 
specific to ALS. We noticed the considerable 
inter-heterogeneity of included studies, 
which might be attributed to the influences of 
different protein concentration as reported.31 
Furthermore, there might be a dynamic change 
within the disease course, although no significant 
differences among clinical stages were revealed 
by our results and prior studies.33  The stability 
during the ALS course made Cys C might be an 
ideal biomarker for ALS monitoring.

Patients with severe LMN involvement 
reported higher levels of serum Cys C and lower 
levels of Cr/Cys C, indicating that serum Cys C 
might be related to loss of LMN or subsequent 
muscle atrophy. Nakane et al reported that reduced 
Cys C in CSF could reflect UMN involvement 
through high-field magnetic resonance (MR) 
of ALS, potentially providing a new biomarker 
for UMN degeneration in ALS.39 However, we 
did not find a significant relationship between 
serum Cys C and UMN score based on clinical 
manifestations. The inconsistency between 
imaging and clinical manifestations deserved 
further exploration. Besides, several studies 
reported the significant correlation between Cys 
C and ALSFRS-R score12,28, suggesting that Cys 
C might reflect the disease severity in ALS. We 
did not find remarkable relationship between 
Cys C and baseline ALSFRS-R score, total MRC 
score or respiratory function status, which might 
be contributed to the diversity in demographic 
characteristics among the studies. 

Pooled results suggested that serum levels of 
Cys C might act as a potential predictor of ALS 
progression. Confined to our results, Jiang et al 
reported ALS patients with higher Cys C levels 
had a greater disease progression rate compared 
to those with lower Cys C levels.25 In a USA 
prospective study in 2010, Wilson et al. found 
that slow progressors of ALS exhibited a trend 
of increasing Cys C levels over time, while fast 
progressors exhibited a subtle, non-significant 
decrease in Cys C levels.33 By longitudinally 
tracking C9-ALS/FTD in monkeys, Xu et al. 
found that changes in Cys C levels in the CSF 
corresponded to the phenotypic progression of 
poly50-induced neurodegenerative disease.44 

The predominant involvement of LMN and 
loss of muscle mass in patients with high levels 
of Cys C might contribute to the correlation. 
It was noteworthy that we found that the 
significant relationship between serum Cys C 

and progression rate only existed in the short-
term follow-up. In addition to the potential 
impact of lost data, the treatment and food 
intake of patients might significantly influence 
the serum Cys C levels over a long period of 
time. And the relentless loss of LMN might 
weaken the correlation with the prolongation 
of disease duration. More studies were needed 
to further investigate the interaction between 
Cys C and progression of ALS in different 
clinical stages. Beyond single measurements, 
longitudinal trends of Cys C might offer greater 
clinical utility. In our cohort, the correlation 
between serum Cys C and progression rate was 
significant during the first six months of follow-
up but attenuated thereafter, suggesting that the 
prognostic value of Cys C might vary by disease 
phase. Collectively, these findings suggest that 
tracking the dynamic change of Cys C rather 
than relying on a single measurement might help 
differentiate fast versus slow disease progression. 
Future prospective studies with repeated Cys 
C measurements at standardized intervals were 
needed to validate this hypothesis and to explore 
whether longitudinal Cys C trajectories can 
serve as a surrogate marker for disease severity 
and prognosis.

As for prognosis, serum levels of Cys C might 
be a potential risk factor for ALS death. However, 
we found no significant impact of serum Cys C on 
ALS survival time in our cohort. The cut-off value 
of serum Cys C in the multivariate analyses might 
partly explain the discrepancies. The higher the 
cut-off value, the more likely the result was to be 
significant. Besides, the differences in the onset 
region, exclusion of ALS patients and follow-up 
time might contribute to the inconsistency. As 
reported by Ryberg et al, Cys C levels examined 
by mass spectrometry were only correlated with 
survival in patients with limb-onset.45 Besides, 
in Jiang et al.25 the results were no longer 
significant after adjusting the treatment. It was 
reported that Cys C levels in CSF but not plasma 
might be useful as prognostic indicators of 
patient survival time.34 Due to the limited data of 
involved studies, we failed to conduct stratified 
analysis on site of onset, treatment and follow-up 
time. Besides, it has been reported that Cr/Cys C 
and eGFR-Cys C were potential biomarkers of 
ALS prognosis.17,27,36 Future studies were needed 
to further elucidate the prognostic role of Cys C 
and related biomarkers in ALS. 

From a clinical perspective, the identification 
of a practical cut-off value for serum or CSF Cys C 
would facilitate its use in routine practice. In our 



989

cohort, the median (IQR) serum Cys C level was 
0.87 (0.79-0.98) mg/L, and patients with levels 
above the upper quartile (0.98 mg/L) exhibited 
a trend toward more severe LMN involvement. 
However, due to the absence of a gold standard 
for defining “severe LMN involvement” and the 
inherent heterogeneity across studies including 
differences in assay platforms, population 
characteristics, and disease stages, a universally 
applicable cut-off cannot be established from the 
current data. For CSF Cys C, our meta-analysis 
confirmed significantly lower levels in ALS 
patients compared with healthy controls, but the 
limited availability of individual-level data and 
variability in pre-analytical handling preclude 
the definition of a specific threshold. Future 
large-scale, multicenter studies with standardized 
protocols were warranted to determine clinically 
meaningful cut-off values.

The mechanisms of the correlation between 
Cys C and ALS remained unclear. Through 
analyses of a large-scale online database, Zhang 
et al concluded that Cys C might be related to 
ALS risk.46 Another study reported that lower 
Cr/Cys C was significantly associated with a 
higher risk of ALS onset.17 Besides, chronic 
renal disease evaluated by Cys C might increase 
ALS risk.27 All these indicated that Cys C might 
participate in the pathogenesis of ALS. Two 
distinct pathways had been proposed: autophagy 
induction through AMPK-mTOR pathway 
and inhibition of cathepsin B.47 Furthermore, 
exogenously added Cys C was transduced 
into the cells and aggregated in the cytosol 
under oxidative stress conditions, implying 
a relationship between the neuroprotective 
activity of Cys C and Bunina body formation.47 
Intracerebroventricular administration of Cys C 
during the early symptomatic SOD1G93A mice 
could extend their survival times.48 However, 
genetic analysis indicated that there might not be 
a direct genetic link between Cys C and ALS.49 

Whether Cys C alteration was an epiphenomenon 
or the initial factors of ALS needed further 
investigations.

We admitted several limitations of the study. 
Firstly, serum Cys C was only available in a 
small proportion of our cohort, which might 
result in considerable selection bias. Secondly, 
lack of control group disabled us to make the 
comparisons in serum Cys C between ALS and 
HCs or disease controls. Thirdly, stratification 
analyses based on age, gender and onset region 
were not conducted due to limited data. Fourthly, 
lack of repeated tests of Cys C disabled us to 

reveal the dynamic changes of Cys C during 
follow-up, and identify the potential confounding 
factors. Fifthly, serum neurofilament light chain 
(NfL), a well-established neuroaxonal injury 
marker in ALS, was not available in this cohort. 
Future studies incorporating NfL alongside 
Cystatin C will be valuable to determine 
whether these markers provide complementary 
or independent prognostic information. Lastly, 
some confounding factors such as levels of 
creatine kinase (CK)50 and lipid metabolism51 
were not included in our analyses. Additionally, 
the absence of established cut-off values for 
serum and CSF Cys C limits the direct clinical 
applicability of our findings, and the lack of 
repeated measurements precludes assessment of 
longitudinal Cys C trends in relation to disease 
progression phenotypes. More well-designed 
prospective studies and basic studies were 
needed to further explore the prognostic effects 
of Cys C in ALS and the relevant mechanisms.

In conclusion, the levels of Cys C were 
significantly elevated in serum and decreased in 
CSF among ALS population compared to HCs. 
Serum levels of Cys C were significantly higher 
in patients with severe LMN involvement, 
and might act as a potential predictor of ALS 
progression and death.
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Figure Legends
Figure 1. Meta-analysis of involved stud-
ies.
Table 1. Baseline characteristics of in-
volved ALS patients.
Table 2. Correlation analysis between 
cystatin C and other variables at baseline.
Table 3. Correlation analysis between 
Cyc C and progression rate.
Table 4. Univariate and Multivariate Cox 
survival analysis regarding Cystatin C.
Supplementary Files
Supplementary Figure 1. Serum levels 
of blood parameters in different clinical 
stages.
Supplementary Figure 2. Kaplan-Meier 
curve representing survival of ALS pa-
tients. 
Supplementary Figure 3 . Results of sys-
tematic literature search.
Supplemental Table 1. Simplified criteria 
used to calculate active (AD) and chronic 
denervation (CD) scores in needle elec-
tromyography (EMG).
Supplementary Table 2. Characteristics 
of involved studies in meta-analysis.
Supplementary Table 3. Quality assess-
ment of cross-sectional studies based 
on Agency for Healthcare Research and 
Quality (AHRQ) scale.
Supplementary Table 4. Newcastle-Otta-
wa scale (NOS) for assessing the quality 
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of included studies.
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Supplemental Table 1. Simplified criteria used to calculate active (AD) and chronic denervation (CD) scores 
in needle electromyography (EMG).
For the bulbar region (sternocleidomastoid muscle), cervical region (first dorsal interosseus), thoracic region 
(thoracic paraspinal muscles), lumbosacral region (tibialis anterior). In case of different scores between 
bilateral muscles, the higher score was considered.

Active denervation 
(spontaneus activity)

Chronic denervation 
(MUAPs characteristics)

Score

absent Normal amplitude and duration 0

Fibrillation potentials and positive sharp 
waves +

or

insertional activity +

or

Presence of high frequency discharge

or

fibrillation potentials +/-

Increased duration, normal amplitude

or

normal duration, increased amplitude

or

decreased amplitude, increased/ decreased/
normal duration

or

decreased duration, normal amplitude

1

Fibrillation potentials and positive sharp 
waves ++

Increased duration, increased amplitude

or

very increased duration and amplitude

2

Fibrillation potentials and positive sharp 
waves +++ or ++++ 

or 

Fibrillation potentials and positive sharp 
waves in every site

No activity during voluntary muscle activa-
tion

3

Abbreviations: MUAPS Motor Unit Action Potentials.
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