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ABSTRACT

 )GBS( باريه  جيالن  ملتالزمة  السريرية  السمات  دراسة  األهداف: 
 Hughes ومقياس )cysC( والعالقة بني مستويات مصل سيستاتني

.GBS في )HMS( احلركي

املنهجية: اشتملت الدراسة على مراجعة 101 مريض ملتالزمة جيالن 
باريه خالل الفترة من يناير 2017م ويناير 2020م بأثر رجعي. أجرنا 
تقييم للخصائص الوبائية واملظاهر السريرية والفحوصات املساعدة. 
حتليل  أجرينا  العجز.  ذروة  لقياس   HMS مقياس  استخدمنا  كما 
للعوامل املؤثرة لشدة GBS بواسطة حتليالت أحادية املتغير ومتعددة 

املتغيرات.

النتائج: كانت مستويات cysC في الدم أعلى بشكل ملحوظ في 
املجموعة الشديدة منها في املجموعة اخلفيفة 0.98  )0.85-1.20( 
مقابل p=0.004 ،)0.76-0.95( 0.81، وكان هناك ارتباط إيجابي 
جيالن  مرضىمتالزمة  في   HMS و  الدم  في   cysC مستويات  بني 
كان  املتغيرات،  متعدد  التحليل  في   .)r=0.376, p=0.001( باريه 
ذروة  حتى  والوقت   ،)p=0.003( التنفسي  اجلهاز  عضالت  شلل 
 )p=0.045( املصل  في   cysC مستويات  و   ،)p=0.017( العجز 
ونقص صوديوم الدم )p=0.015( عوامل خطر مستقلة لنتائج وظيفية 
والشلل   cysC )HMS>3(. كان اجلمع بني مستويات مصل  سيئة 
املرض من شلل عضالت  لتقييم شدة  قيمة  أكثر  التنفسي  العضلي 
.)p=0.001 ، 0.787 مقابل AUC 0.863( اجلهاز التنفسي وحده

اخلالصة: كان مصل cysC عامل خطر مستقل في GBS، ومرتبط 
شدة  لتقييم  استخدامه  وميكن   .HMS مقياس  مع  إيجابي  بشكل 

GBS مع عوامل اإلنذار السلبية األخرى.

Objectives: To study the clinical features of Guillain–
Barré syndrome )GBS( and the relationship between 
serum cystatin C )cysC( levels and Hughes motor 
scale )HMS( in GBS. 

Methods: One hundred and one GBS patients 
between January 2017 and January 2020 were 
reviewed retrospectively. Their epidemiological 
characteristics, clinical manifestations and auxiliary 
examinations were assessed. The HMS was used to 
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measure the peak deficit. The influencing factors 
of GBS severity were analyzed by univariate and 
multivariate analyses. 

Results: The serum cysC levels were significantly 
higher in the severe group than in the mild group 
[0.98 )0.85-1.20( vs. 0.81 )0.76-0.95(, p=0.004], and 
there was a positive correlation between serum cysC 
levels and HMS in GBS patients )r=0.376, p=0.001(. 
On multivariate analysis, respiratory muscle palsy 
)p=0.003(, time to peak deficit )p=0.017(, serum 
cysC )p=0.045( and hyponatremia )p=0.015( were 
independent risk factors for a poor functional outcome 
)HMS>3(. Combining serum cysC and respiratory 
muscle palsy was more valuable for assessing disease 
severity than respiratory muscle palsy alone )AUC 
0.863 vs. 0.787, p=0.001(.  

Conclusion: Serum cysC was an independent risk 
factor in GBS, and positively correlated with HMS. It 
might be used to assess the severity of GBS with other 
negative prognostic factors.
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Guillain–Barré syndrome )GBS( is an immune-
mediated inflammatory disease of the peripheral 

nerves and nerve roots involving mainly the myelin 
sheath. Common methods for diagnosing GBS are 
neuro-electrophysiological and cerebrospinal fluid 
)CSF( examinations. In some atypical cases, however, 
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these tests are not diagnostic in the early stage. 
Moreover, the molecular mechanisms underlying 
the disease remain poorly understood and no reliable 
disease markers are available. Cystatin C )cysC( is a 
cysteine protease inhibitor, that is constantly expressed 
in mammals; its level reflects changes in the glomerular 
filtration rate. Recent studies have found that some 
neurological diseases are associated with imbalances 
between cysC and cysteine proteases.1 A decrease in 
cysC has been reported in the CSF of GBS patients.2,3 
Compared to lumbar puncture and electrophysiology 
examinations, serum cysC is simpler and easier to 
obtain. If serum cysC can provide some information for 
diagnosing and evaluating GBS, it would be useful.

In this study, we compared the serum cysC levels in 
GBS patients with mild and severe, and evaluated the 
risk factors that are associated with the severity of GBS 
to explore the role of cysC in GBS.

Methods. The clinical data of patients who were 
diagnosed with Guillain–Barré syndrome, Guillain–
Barré syndrome axonal type, or Guillain–Barré 
syndrome demyelinating type in the Second Affiliated 
Hospital of Xi’an Jiaotong University, Xi’an, China 
between January 2017 and January 2020 were reviewed 
retrospectively. One hundred one patients satisfied 
the clinical diagnostic criteria of GBS were enrolled.4 
Patients with peripheral neuropathy, such as diabetic, 
vasculitis, toxin, hypokalemia, rabies, porphyria and 
drug-induced diseases were excluded, as were patients 
with renal disease. The institutional review board 
approved this study )No.2020060(.

Clinical indicators. Epidemiological characteristics, 
including gender, age, season of onset, and precursor 
events. Clinical manifestations, including first 
symptoms, sensory disturbances, cranial nerves 
involvement, autonomic dysfunction, respiratory 
muscle palsy, weakened or disappeared tendon reflexes, 
time to peak deficit and severity of neurological deficits. 
The Hughes motor scale )HMS( is a function grading 
scale ranging from 0 to 6 )0—normal, 1—mild signs 
and capable of running, 2—capable of walking unaided 
for 5 m, 3—walking 5 m with support, 4—relying on 
bed or wheelchair, 5—requiring ventilatory support, 
6—dead(.5 The HMS at the worst muscle strength in 

the progression of the disease was evaluated. Those with 
HMS>3 were classified as the severe group, and those 
with HMS≤3 were classified as the mild group.

Auxiliary examinations. serum sodium, serum 
cysC, electrophysiological assessment, and CSF 
examination. A serum sodium <135 mmol/L was used 
as the diagnostic criterion for hyponatremia.6 The 
serum cysC concentrations in the kidney function 
test in our hospital were measured regularly on the 
morning of the second day of patient’s admission and 
detected by a latex particle-enhanced turbidimetric 
immunoassay )Mitsubishi Chemical Medience(. The 
serum reference range of cysC was )0.50–0.96( mg/L. 
Electrophysiological parameters included motor 
and sensory nerve conduction, F wave abnormality 
)including prolonged latency and abnormal appearance 
rate(, and conduction block. The electrophysiological 
classification used the diagnostic criteria from 
Hadden et al7 acute inflammatory demyelinating 
polyradiculoneuropathy )AIDP(, acute motor axonal 
neuropathy )AMAN(, acute motor and sensory axonal 
neuropathy )AMSAN( and ambiguous unclassified 
group.

Treatment. According to guidelines and actual 
conditions, patients received IVIG at 0.4 g/kg/day for 5 
days. Routine neurological care during hospitalization, 
paying close attention to changes in the condition. 
Ventilatory assistance and plasma exchange )PE( were 
provided in the intensive care unit )ICU( as necessary.

Statistical analysis. The SPSS 22.0 statistical 
software was used, continuous variables were expressed 
as means±standard deviations or medians with 
interquartile ranges )IQR(, and t test was used to 
compare the differences between 2 groups; categorical 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.

Figure 1 - The serum cysC value in Mild group vs. severe group.



Table 1 - Baseline characteristics and factors affecting GBS severity.

Variables Total
(n=101)

Mild group
(HMS≤3)

(n=75) 

Severe group
(HMS>3)

(n=26)

P-value

n (%)
Age )mean ± sd( 50.61±1.74 49.04±2.00 55.15±3.39 0.124
Male 59)58.4( 43)57.3( 16)61.5( 0.708
Season
Spring 21)20.8( 15)20.0( 6)23.1( 0.280
Summer 31)30.7( 21)28.0( 10)38.5(
Autumn 19)18.8( 13)17.3( 6)23.1(
Winter 30)29.7( 26)34.7( 4)15.4(

Precursor events
Diarrhea 16)15.8( 10)13.3( 6)23.1(

10)38.5(
0.389
0.319Upper respiratory tract infection 31)30.7( 21)28.0(

Facial palsy 16)15.8( 12)16.0( 4)15.4( 0.984
Bulbar palsy 12)11.9( 8)10.7( 4)15.4( 0.773
Respiratory muscle palsy 19)18.8( 3)4.0( 16)61.5( <0.001#

Numbness or pain in the limbs 43)42.6( 36)48.0( 7)26.9( 0.061
Urinary and fecal disorders 5)5.0( 4)5.3( 1)3.8( 0.409
Weakened or disappeared tendon reflexes 87)86.1( 63)84( 24)92.3( 0.467
Time to peak deficit )days(, median )IQR( 7)4-10( 9)5-14( 5)2-5( <0.001#

Hyponatremia 17)17.2( 7)9.6( 10)38.5( 0.002#

Serum cysC )mg/l(, median )IQR( 0.86)0.77-1.02( 0.81)0.76-0.95( 0.98)0.85-1.20( 0.004#
Anti-ganglioside antibody 7)38.9( 7)41.2( 0)0.0( 1.000

Electrophysiology
Demyelinating variety 57)63.3( 49)68.1( 8)44.4( 0.063
Axonal variety 24)26.7( 14)19.4( 10)55.6( 0.005#

F wave abnormality 75)83.3( 56)86.2( 19)95.0( 0.498
Conduction block 22)24.4( 20)27.8( 2)11.1( 0.244
CSF protein )mg/dl(, median )IQR( 0.74)0.49-1.09( 0.74)0.47-0.97( 0.89)0.58-1.34( 0.225
IVIG therapy 76)75.2( 51)68.0( 25)96.2( 0.004#

Ventilatory support 14)13.9( 0)0.0( 14)53.8( <0.001#

Mild group vs. Severe group *p<0.05, #p<0.01, GBS -Guillain–Barré syndrome

alone was calculated respectively. Statistical significance 
was defined as a two-tailed p-value<0.05. 

Results. Clinical baseline characteristics. The study 
included 101 GBS patients, 59 males and 42 females 
)M: F=1.4:1(, with an average age of 50.61±1.74 
years. The incidence rate was 20.8% in spring, 30.7% 
in summer, 18.8% in autumn, and 29.7% in winter. 
Precursor events were seen 51 )50.5%( cases, including 
31 cases of upper respiratory infection, 16 of diarrhea, 
two of shingles, one each of surgery and exogenous 
ganglioside application. 90 cases of electrophysiological 
assessments included 57 )63.3%( cases of AIDP, 17 
)18.8%( of AMAN, 7 )7.7%( of AMSAN, and 9 )10%( 
of unclassified. There were 75 )74.3%( cases in the mild 
group, and 26 )25.7%( in the severe group including 5 
)4.9%( who died (Table 1). 

Factors affecting GBS severity. On univariate 
analysis, respiratory muscle palsy )p<0.001(, time 

variables were expressed as the proportion of events, and 
Chi-square test was used to compare the rates between 
2 groups. Logistic regression was used to analyze the 
independent risk factors of a poor functional outcome 
)HMS>3(, and OR and 95%CI were calculated. The 
area under the ROC curve of combining serum cysC 
and respiratory muscle palsy or respiratory muscle palsy 

Serum cystatin C & Guillain-Barré syndrome ... Chen et al

Table 2 - Correlation of the Hughes motor scale and various factors.

Variables  Correlation coefficient. r P-value
Respiratory muscle palsy 0.612 <0.001
Time to peak deficit -0.320 0.001
Hyponatremia 0.351 <0.001
Serum cysC 0.376 0.001
Axonal variety 0.415 <0.001
IVIG therapy 0.328 <0.001

cysC - Cystatin C , IVIG - intravenous immunoglobulin
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to peak deficit )p<0.001(, hyponatremia )p<0.001(, 
electrophysiological axonal pattern )p=0.005(, 
IVIG therapy )p=0.004(, and need for ventilatory 
support )p<0.001( were significantly associated with 
a poor functional outcome. There were no significant 
differences in age, gender, season of onset, precursor 
events, clinical symptoms, anti-ganglioside antibody, 
the rest of the electrophysiological assessment and CSF 
protein between the 2 groups )p>0.05( (Table 1).

The serum cysC levels were higher in the severe 
group than in the mild group, and the difference was 
significant [0.98 )0.85-1.20( vs. 0.81 )0.76-0.95(, 
p=0.004] (Table 1) (Figure 1).

Spearman rank correlation analysis of the Hughes 
motor scale and various factors. There was a positive 
correlation between the serum cysC and Hughes motor 
scale in GBS patients )r=0.376, p=0.001( (Table 2).

Logistic regression analysis of the Hughes motor 
scale and various factors. On multivariate analysis, 
respiratory muscle palsy )OR 0.010, 95% CI 0.000-
0.200, p=0.003(, time to peak deficit )OR 0.686, 95% 
CI 0.503-0.936, p=0.017(, serum cysC )OR 1.641, 
95%CI 1.043-2.854, p=0.045( and hyponatremia 
)OR 0.784, 95%CI 0.644-0.954, p=0.015( were 
independent risk factors for a poor functional outcome 
)HMS>3( (Table 3).

Area under the ROC curve. The cut-off value of 
serum cysC is 0.875, which corresponds to a sensitivity 
of 0.769 and a specificity of 0.569.

Combining serum cysC and respiratory muscle 
palsy was more valuable for assessing disease severity 
than respiratory muscle palsy alone )AUC 0.863 vs. 
0.787, p=0.001( (Figure 2).

Discussion. The GBS is a life-threatening disease 
with a mortality rate of 3–7%;8 patients die mainly of 
ventilatory insufficiency, pulmonary complications, or 
autonomic dysfunction. Analysis of the risk factors of 
GBS patients can help doctors to formulate treatment 
plans and judge the prognosis of patients. In this study 
of 101 patients, the ratio of male to female was 1.4:1, 
indicating male dominance. About half of the patients 
had a history of infection within 6 weeks before 
the disease, and most of the infections were upper 
respiratory tract or gastrointestinal infections. In our 
study, patients’ symptoms reached peak disability at an 
average of 7 )4–10( days, slightly less that described by 
Wang et al.9 and consistent with Paul et al.10 

In terms of electrophysiology, two-thirds of the 
patients in this study were found to have a demyelinating 
variant, and an axonal variant that included AMAN 
and AMSAN was less but also a quarter. According 

Table 3 -  Logistic regression analysis of the Hughes motor scale and various factors.
  

Variables
B S.E. Wald p Exp(B) 95%Confidence interval

Lower limit Upper limit 

Respiratory muscle palsy -4.611 1.532 9.052 0.003# 0.010 0.000 0.200
Time to peak deficit -0.377 0.158 5.665 0.017* 0.686 0.503 0.936
Axonal variety -1.438 1.008 2.034 0.154 0.237 0.033 1.713

Serum cysC 0.495 0.283 3.068 0.045* 1.641 1.043 2.854
Serum sodium -0.244 0.100 5.902 0.015* 0.784 0.644 0.954

Constant 34.547 14.107 5.997 0.014 12.096

*p<0.05,#p<0.01

Figure 2 - Area under the ROC curve.
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to reports, 5% of GBS in North America and Europe 
are axonal variant, while this variant is much more 
common in Northern China, Japan and the rest of 
America.11 Patients with the axonal variant also had poor 
functional outcomes. Patients with AMAN have a more 
rapid progression of weakness to an earlier nadir than in 
AIDP resulting in prolonged paralysis and respiratory 
failure over a few days.12 The distinction seems clear 
conceptually, but the borders between the 2 conditions 
are not well defined. The electrophysiological findings 
are sometimes ambiguous, as they indicate AIDP in 
the early phases and AMAN later, or both conditions 
simultaneously.13 

In our series, hyponatremia occurred in 17.2% of 
GBS patients, with a higher incidence in the severe group 
)38.5% vs. 9.6%, p=0.002(. Hyponatremia is common 
in GBS patients14 and might be related to increasing 
age, concurrent malignancy, diuretic use, preceding 
diarrhea and IVIG treatment.15 Hyponatremia is 
an important predictor of a poor outcome in GBS. 
Therefore, the importance of hyponatremia when 
assessing the prognosis of patients with severe GBS 
should be emphasized. Clinicians should pay attention 
to not only the respiratory muscle palsy, but also the 
electrolyte levels in patients. Timely and accurate 
treatment can improve the prognosis.

The CysC is considered a housekeeping gene 
because it protects cells from hydrolysis by endogenous 
and exogenous proteolytic enzymes, and is the strongest 
cathepsin inhibitor known. CysC is secreted mainly 
from the choroid plexus into human CSF, where the 
concentration [)2.04–3.58( mg/l] is five times the 
serum level [)0.50–0.96( mg/l]. CysC in the CSF is an 
endogenous neuroprotective and plays a very important 
role in different neurological diseases, such as brain 
tumors, stroke and neurological autoimmune diseases.1 
When inflammation and tumors occurred in the brain, 
cysC in the CSF entered the blood circulation through 
the pathologically altered blood-brain barrier )BBB(, 
which in turn increases the serum cysC concentration, 
while the CSF cysC concentration decreases 
accordingly. Yang identified that cysC was the most 
significant differential protein among 6 protein spots in 
the CSF of GBS patients by using proteomic methods, 
and its downregulation in CSF proved its potential use 
in diagnosis and finding treatment.2 Li3 also reported 
that the accuracy of CSF cysC in the diagnosis of GBS 
was 0.827, although it cannot distinguish AIDP from 
AMAN. The decrease of cysC in CSF was also observed 
in CIDP and MS. A possible explanation might be that 

inflammatory cytokines down-regulate cysC secretion. 
Proteolytic enzymes like cysC are associated with 
demyelination and blood-CSF barrier dysfunction in 
GBS.16 

Although blood is rarely in direct contact with the 
central and peripheral nervous systems, the circulation 
and renewal of CSF lead to an exchange of blood 
components. Then, the state of nervous system diseases 
in the body can be reflected by some blood components. 
Serum cysC levels can predict the extent of peripheral 
nerve damage. Diabetic patients with peripheral 
neuropathy have higher serum cysC levels than simple 
diabetic patients or healthy volunteers.17 In our study, 
serum cysC levels were significantly higher in the severe 
group than in the mild group, and were positively 
correlated with the degree of physical disability. The 
increase in serum cysC implies that it is involved in 
the pathology of GBS, and possible reasons are damage 
to the blood-brain barrier or blood-CSF barrier leads 
to the outflow of cysC from the brain;18 serum cysC 
is involved in regulating the cysteine protease activity 
and participating in inflammatory response;16,19 or the 
stress response of disease, including the secretion and 
synthesis of antidiuretic hormone )ADH( and renin-
angiotensin, reduce the glomerular filtration rate, 
resulting in decreased excretion of cysC.20,21 There is an 
inflammatory response mechanism in the pathogenesis 
of GBS.22 Serum cysC is involved in the regulating 
the inflammatory response, which mainly affects 
neutrophil migration, phagocytosis, and chemotaxis. 
The higher serum cysC level in GBS patients is, the 
more severe the inflammatory, the greater edema of the 
nerve roots, and the greater the limb paralysis; however, 
the exact mechanism needs further study with other 
inflammatory factors.

There were some limitations in data availability due 
to a retrospective study. First, we included only 3-year 
inpatients from our hospital, and it was susceptible to 
selection bias and other confounding factors. Second, 
most GBS patients had only one electrophysiological 
assessment, and some are even absent, leading to errors 
in discriminating between axonal and demyelinating 
types. Third, HMS at the worst muscle strength in the 
progression of the disease was evaluated in our study, 
and long-term endpoints should be identified for more 
accurate predictions, such as 3-month outcomes.

This study found that serum cysC levels were 
positively correlated with the degree of limb paralysis 
in GBS patients, and serum cysC was a risk factor for 
a poor functional outcome )HMS>3( in GBS patients. 
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Perhaps further study can observe the dynamic changes 
in cysC in serum and CSF during the development 
of the disease, with separate analysis of axonal and 
demyelinating subtypes, to better understand the 
mechanism of cysC in GBS.
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