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Background: Both Guillain-Barré syndrome (GBS) and chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP) are neurodegenerative and inflammatory
demyelination disorders. Sporadic reports showed that the increased levels of thyroid
function and autoantibodies are associated with GBS, CIDP, or both, but no systematic
study has been reported. We assessed the differences of thyroid function and
autoantibodies between GBS and CIDP in a Chinese cohort.

Methods: A total of 256 patients were enrolled in this study. 175 clinically confirmed
GBS and CIDP patients were selected. Meanwhile, 81 patients hospitalized for diseases
other than GBS or CIDP with mild symptoms were enrolled as a control group. Relevant
clinical data, including thyroid function, and autoantibody examinations, were collected
for statistical analysis.

Results: In the comparison of thyroid function and autoantibody parameters, the levels
of total thyroxine (TT4), thyroid peroxidase antibody (TPO-Ab), and thyroglobulin antibody
(TG-Ab) in the GBS group were all higher than those in the CIDP and Control groups
(P < 0.01). The thyroid antibody positive rates in the GBS and CIDP groups were 70.10
and 14.10%, respectively (P < 0.01). In the receiver operating characteristic (ROC) curve
analysis, TT4, TPO-Ab, and TG-Ab were higher in the GBS group and lower in the CIDP
group (P < 0.01). To achieve a high specificity of 97-99%, the diagnostic cutoff value
of TPO-Ab was higher than 133 IU/mL (Sensitivity: 11.34%) or lower than 0.01 IU/mL
(Sensitivity: 9.09%), while the diagnostic cutoff value of TG-Ab was higher than 261.1
IU/mL (Sensitivity: 2.06%) or lower than 0.46 IU/mL (Sensitivity: 11.69%). Multivariate
logistic regression analysis showed that the differences in TPO-Ab were statistically
significant between GBS patients with TPO-Ab was higher than 133 IU/mL and CIDP
patients (P < 0.01); the differences in TG-Ab were statistically significant between GBS
patients with TG-Ab was higher than 261.1 IU/mL and CIDP patients (P < 0.05).
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Conclusion: The elevation of thyroid autoantibodies was associated with GBS. TPO-Ab
higher than 133 IU/mL or lower than 0.01 IU/mL and TG-Ab higher than 261.1 IU/mL
or lower than 0.46 IU/mL had high specificity for differentiating between GBS and CIDP;
therefore, TPO-Ab and TG-Ab can be used as biomarkers for the differential diagnosis

of GBS and CIDP.

Keywords: Guillain-Barré syndrome, chronic inflammatory demyelinating polyradiculoneuropathy, thyroid
peroxidase antibody, thyroglobulin antibody, serum total thyroxine

INTRODUCTION

Guillain-Barré syndrome (GBS) is an autoimmune peripheral
neuropathy characterized by demyelination of peripheral nerves
and nerve roots. The clinical manifestation is acute symmetric
flaccid limb paralysis, which usually peaks within 4 weeks of
disease onset. Respiratory muscle involvement is common, and
glucocorticoid treatment alone is not effective in terms of clinical
outcomes (1).

Chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) is a disease of the peripheral
nervous system (PNS) that is clinically characterized by
symmetrical proximal and distal weakness with altered
sensation and hyporeflexia/areflexia (2). CIDP exhibits a
chronic progression or remission-relapse disease course, and
the disease usually peaks 8 weeks after disease onset. Respiratory
muscle involvement is rare, and most patients have excellent
responses to immunotherapy and corticosteroids (3). Clinically,
the pathological characteristics and clinical symptoms of CIDP
are similar to those of GBS. Differentiation between CIDP and
GBS at the early stage is difficult, as both diseases are easy
to misdiagnose.

Thyroid peroxidase antibody (TPO-Ab) and thyroglobulin
antibody (TG-Ab) are major indicators for the diagnosis of
Hashimoto’s thyroiditis (HT). The general belief is that TPO-Ab
should be measured to identify autoimmune thyroiditis diseases
in a manner similar to HT (4). Bairactaris et al. (5) reported
one patient with CIDP and HT who had elevated TPO-Ab and
TG-AD levels. Toudou et al. (6) reported one patient with GBS
and HT who had elevated TPO-Ab levels. The serum thyroxine
(T4) level has been associated with the incidence and severity of
GBS (7). Only sporadic case reports show that GBS, CIDP, and
HT are associated, and no clinical study has analyzed all three
diseases together. This study retrospectively analyzed thyroid
autoantibodies (TPO-Ab and TG-Ab) and thyroid function to
confirm the associations between GBS, CIDP, and HT. These
measurements were conducted to provide a more theoretical
basis for the early differential diagnosis of GBS and CIDP and
to prevent clinical misdiagnosis.

MATERIALS AND METHODS

Study Subjects

GBS and CIDP Groups

GBS and CIDP patients who were discharged between October
2014 and February 2020 were enrolled. The inclusion criteria

were as follows: O GBS or CIDP diagnosed at Beijing Tiantan
Hospital, Capital Medical University, and confirmed according
to Guillain-Barré and Miller Fisher syndromes—new diagnostic
classification (8) and the European Federation of Neurological
Societies/Peripheral Nerve Society Guideline on management
of chronic inflammatory demyelinating polyradiculoneuropathy
(3), respectively; [ an age of 18-83 years; and [ complete
cerebrospinal fluid (CSF) examinations, including CSF cell
counts, CSF protein measurement, and 24-h intrathecal 1gG
synthesis testing; complete electromyography (EMG); thyroid
antibody detection; autoimmune antibody detection; and tumor
indicator detection. This retrospective study was approved by our
institutional ethics committee with a waiver of informed consent.
OAccording to the Hughes Functional Grading Scale (HFGS)
score (9), HFGS was <4 at the peak of the disease.

The exclusion criteria were as follows: O comorbid diseases
affecting brain function, such as stroke, transient ischaemic
attack, encephalitis, and subarachnoid hemorrhage; [ systemic
infectious diseases, malignant tumors, severe heart, liver, or
kidney diseases, or hematological diseases; [J sequelae of nervous
system diseases precluding determination of the severity of GBS;
O a history of treated or untreated thyroid disease; U the use of
drugs affecting thyroid function; [ a history of hypothalamic and
pituitary diseases; and O ventilator-assisted ventilation or death
due to GBS or CIDP.

Control Group

The control group consisted of patients who were discharged
between October 2014 and February 2020. The control patients
were hospitalized for conditions other than GBS and CIDP
with mild symptoms, such as dizziness, primary headache,
leukodystrophy, multiple sclerosis, and minor stroke.

Research Methods

Thyroid Functions and Autoantibody Detection

A blood sample (5mL) was collected from the median cubital
vein of each patient in the morning within 48h of admission.
Blood samples were allowed to stand for 30 min and centrifuged
at 3,000 r/min for 10 min. autoantibodies were detected within
1 h of centrifugation. The Abbott automatic biochemical immune
analyser (Architectcil6200) and original reagent detection and
the chemiluminescence immunoassay method were used to
detect serum levels of free triiodothyronine (FT3), free thyroxine
(FT4), T3, T4, thyroid-stimulating hormone (TSH), TG-Ab, and
TPO-Ab. When the autoantibodies concentration of the sample
was below the lower detection limit (or above the upper detection
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limit), the lower detection limit value (or the upper detection
limit value) was used.

Determination Standards of Abnormal Thyroid
Functions

Based on the Clinical Practice Guidelines for Hypothyroidism
in Adults:

Cosponsored by the American Association of Clinical
Endocrinologists and the American Thyroid Association (4)
and the standards used in Beijing Tiantan Hospital, Capital
Medical University, the normal values for thyroid functions and
autoantibodies were as follows: [ serum total thyroxine (TT4):
69.97-152.52 nmol/L; U serum FT4: 7.64-16.03 pmol/L; [ serum
total triiodothyronine (TT3): 1.01-2.48 nmol/L; O serum FT3:
3.28-6.47 pmol/L; [0 serum TSH: 0.49-4.91 nIU/mL; O serum
TG-Ab: 0-4 IU/mL; and [ serum TPO-Ab: 0-9 IU/mL.

Statistical Methods

The data were analyzed with SPSS 24.0 statistical software.
Measurement data that conformed to or approximated a normal
distribution are expressed by x = s. These means were compared
between the groups by the two-independent-sample ¢-test. Non-
normal data are expressed as the median and interquartile range
and were compared using the Kruskal-Wallis H-test. Count data
are described as a ratio or percentage (%) and were compared
between groups with the x? test. The GBS or CIDP group
assignment was used as the dependent variable, and general
patient data that were significantly different between the groups
were used as the independent variables for binary multivariate
logistic regression analyses. MedCalc19.1 was used to analyse
receiver operating characteristic (ROC) curves to evaluate the
ability of thyroid functions and autoantibodies to predict GBS
and CIDP. P < 0.05 was considered statistically significant.

RESULTS

Comparison of Basic Data

A total of 256 patients were enrolled in this study. The GBS
group (97 cases) included 60 patients with classical acute
inflammatory demyelinating polyneuropathy, 19 patients with
acute motor axonal neuropathy, 4 patients with acute motor-
sensory axonal neuropathy, 11 patients with Miller Fisher
syndrome, and 3 patients with acute sensory neuropathy. The
CIDP group (78 cases) included 66 patients with classical CIDP,
1 patient with pure motor CIDP, and 11 patients with Lewis-
Sumner syndrome. Two acute-onset CIDP (A-CIDP) patients
were identified through dynamic patient follow-up and review.
There were 81 patients in the control group, and all of them were
hospitalized patients with mild disease who did not have GBS
or CIDP.

The GBS group had an average age of 49.04 & 16.19 years,
the CIDP group had an average age of 51.67 £ 13.31 years, and
the control group had an average age of 34.98 £ 12.22 years.
Age in the GBS and CIDP groups was higher than that in the
control group (P < 0.01), but there was no significant difference
between the GBS and CIDP groups (P > 0.05). A comparison
of the sex distribution showed that the CIDP group included

significantly more males than females (x> = 7.69 and P < 0.01).
HFGS showed no significant difference between the GBS and
CIDP groups (P > 0.05; Table 1).

Comparison of Thyroid Functions and

Autoantibody Parameters

TT4, TPO-Ab, and TG-Ab levels were all higher in the GBS group
than in the CIDP and Control groups (P < 0.01). FT4 levels were
higher in the GBS group than in the CIDP group (P < 0.05) and
Control group (P < 0.01). FT4 levels were higher in the CIDP
group than in the control group (P < 0.05). TT3 was lower in
the GBS group than in the CIDP and Control groups (P < 0.05).
The differences in TSH and FT3 between the three groups did
not reach statistical significance (P > 0.05). The comparisons
of the above meaningful indicators are depicted in Table 2 and
Figure 1.

Comparison of Thyroid Autoantibodies
Positive Rates

The normal values of thyroid functions and autoantibodies
referenced by Beijing Tiantan Hospital were used as standards
for analyses. Of the 97 patients in the GBS group, 68
(70.10%) patients were thyroid autoantibodies positive. Of the 78
patients in the CIDP group, 11 (14.10%) patients were thyroid
autoantibody positive. Of the 81 patients in the control group, 7
(8.64%) patients were thyroid autoantibody positive. The positive
rates were significantly different between the GBS and CIDP
groups (¥* = 54.75 and P < 0.01). Moreover, the positive rates
were significantly different between the GBS and Control groups
(x% = 68.39 and P < 0.01) although not between the CIDP and
Control groups (P > 0.05; Figure 2).

Analyses of ROC Curves of Thyroid

Functions and Autoantibodies Parameters

The CIDP group was used as the reference group, and the GBS
group was used as the measurement group. The differences in
TT4, FT4, TPO-Ab, and TG-Ab between the GBS and CIDP
groups were statistically significant (P < 0.05). The diagnostic
cut-off value corresponding to the maximum point of the Youden

TABLE 1 | Comparison among clinical data of the GBS, CIDP, and Control
groups, X £ s.

Subjects All patients Age (years) Sex HFGS
Male Female

GBS group 97 49.04 + 16.19 51 46 3.71 £0.52

CIDP group 78 51.67 + 13.31 57 21 3.85 +0.40

Control group 81 34.98 £+ 12.22 30 51 0.10 £ 0.30

F/x? 32.79 20.88 2,088.69

P 0.00** 0.00** 0.00**

Differences in sex were statistically significant between the GBS and CIDP groups
(x2 = 7.69, P < 0.01), while HFGS showed no significant difference (P > 0.05). Age
and HFGS in the GBS and CIDP groups were higher than those in the control group
(P < 0.01).
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TABLE 2 | Comparison of thyroid function and autoantibodies parameters between GBS and CIDP groups M (P25, P75).

Subjects TT3 (nmol/L) TT4 (nmol/L) TSH (lU/mL) FT3 (pmol/L) FT4 (pmol/L) TPO-Ab (IU/mL) TG-Ab (IU/mL)
GBS group 1.31 101.62 1.32 4.36 13.12 47.91 39.16
(1.07, 1.57) (84.50, 122.20) (0.88, 2.16) (3.85, 4.77) (11.83, 14.49) (0.99, 98.00) (1.67, 69.78)
CIDP group 1.45* 86.94** 1.55 4.38 12.32 0.44* 0.90*
(1.27,1.58) (77.97, 105.41) (0.96, 2.78) (3.95, 4.78) (11.52, 13.88) (0.21, 3.62) (0.84, 1.69)
Control group 1.41* 82.2* 1.49 4.29 11,7944 0.31* 0.90*
(1.28, 1.56) (71.63, 102.03) (1.08, 2.55) (3.85, 4.72) (11.03, 13.01) (0.13,0.77) (0.90, 1.27)
P 0.042 0.000 0.327 0.776 0.000 0.000 0.000
Compared with the GBS group, Kruskal-Wallis H-test, *P < 0.05, **P < 0.01. Compared with the CIDP group, Kruskal-Wallis H-test, *P < 0.05.
“P < 0.05, *P < 0.01
Hm GBS group
150 20 150
v =3 CIDP group
| — ek
-y L S 5 - . Control group
= H * F15 & &
3 ; ——— = E et
g 100+ "l' ; T 8 5 100+
= E a = 'L de de
e '
o | 10~ 2 ——
-_ H T QO
2 z 3 &
& 504 : ) = 50—
- ] — ©
© : -5 = >
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FIGURE 1 | Comparison of thyroid function and autoantibodies parameters among the GBS, CIDP, and Control groups. TT4, FT4, TPO-Ab, and TG-Ab levels were all
higher in the GBS group than in the CIDP and Control groups (P < 0.01, *P < 0.05).

index was obtained. The diagnostic cut-oft value of TPO-Ab was
13.7 IU/mL. At this cut-off value, the sensitivity was 63.92%,
and the specificity was 96.15%. The diagnostic cut-off value
of TG-Ab was 6.6 IU/mL. At this cut-off value, the sensitivity
was 69.07%, and the specificity was 88.46%. The diagnostic
cut-off value of TT4 was 89.15 nmol/L. At this cut-off value,
the sensitivity was 70.10%, and the specificity was 55.13%. The
diagnostic cut-off value of FT4 was 12.23 pmol/L. At this cut-
off value, the sensitivity was 71.13%, and the specificity was
48.72%. When the sensitivity was close to 60%, the diagnostic
cut-off value of TPO-Ab was 18.6 IU/mL, with a specificity
of 97.44%; the diagnostic cut-off value of TG-Ab was 17.36
IU/mL, with a specificity of 94.87%; the diagnostic cut-off value
of TT4 was 97.45 nmol/L, with a specificity of 60.26%; and
the diagnostic cut-off value of FT4 was 12.71 pmol/L, with
a specificity of 58.97%. When >133 IU/mL, TPO-Ab had a
sensitivity of 11.34% and a specificity of 98.72% [95% confidence
interval (CI): 0.707-0.836]. When >261.1 IU/mL, TG-Ab had
a sensitivity of 2.06% and a specificity of 98.72% (95%CI:
0.742-0.864). When >218.25 nmol/L, TT4 had a sensitivity
of 1.03% and a specificity of 98.72% (95%CIL: 0.567-0.713).
When >17.7 pmol/L, FT4 had a sensitivity of 4.12% and a
specificity of 98.72% (95%CI: 0.514-0.664) (Tables 3, 4 and
Figure 3).

The GBS group was used as the reference group, and the CIDP
group was used as the measurement group. The differences in
TT4, FT4, TPO-ADb, and TG-Ab between the GBS and CIDP
groups were statistically significant (P < 0.05). When lower than
0.01 IU/mL, TPO-AD had a sensitivity of 9.09% and a specificity
0f97.96%. When lower than 0.46 IU/mL, TG-Ab had a sensitivity
of 11.69% and a specificity of 98.98%. When lower than 69.03
nmol/L, TT4 had a sensitivity of 6.49% and a specificity of
98.98%. When lower than 9.08 pmol/L, FT4 had a sensitivity of
1.30% and a specificity of 97.96% (Table 4 and Figure 4).

Logistic Regression Analysis of Risk
Factors for GBS Patients With

TPO-Ab>133 IU/mL or TG-Ab>261.1 IlU/mL
In the GBS and CIDP groups, GBS patients with TPO-Ab>133
IU/mL or TG-Ab>261.1 IU/mL and CIDP patients were used
as classification dependent variables, respectively, and general
patient data, including sex, age, and levels of TT3, TT4, TSH,
FT3, FT4, TPO-AD, TG-Ab, and HFGS, were used as independent
variables for univariate logistic regression analysis. Variables
with P < 0.05 were included in Multivariate logistic regression
analysis. The results of the regression showed that when GBS
patients with TPO-Ab>133 IU/mL, the difference in TT3 and
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FIGURE 2 | Comparison of thyroid autoantibodies positive rates in the GBS,
CIDP, and Control groups. Of the 97 patients in the GBS group, 68 (70.10%)
patients were thyroid autoantibody positive. Of the 78 patients in the CIDP
group, 11 (14.10%) patients were thyroid autoantibody positive. Of the 81
patients in the control group, 7 (8.64%) patients were thyroid autoantibody
positive. The positive rates were significantly different between the GBS and
CIDP groups (x? = 54.75 and **P < 0.01) and between the GBS and Control
groups (x2 = 68.39 and **P < 0.01). However, they were not significantly
different between the CIDP and Control groups (P > 0.05).

TABLE 3 | Analysis of the ROC curves of thyroid function and autoantibodies
parameters in the GBS and CIDP groups.

Variable AUC SE 95% CI Youden index P
TT3 0.600 0.043 0.523-0.673 0.228 0.020
TT4 0.643 0.042 0.567-0.713 0.252 0.000**
TSH 0.537 0.044 0.460-0.613 0.135 0.401
FT3 0.528 0.044 0.451-0.603 0.120 0.530
FT4 0.590 0.043 0.514-0.664 0.199 0.038*
TPO-Ab 0.776 0.037 0.707-0.836 0.601 0.000**
TG-Ab 0.809 0.035 0.742-0.864 0.575 0.000**

The CIDP group was used as the reference group, and the GBS group was used as the
measurement group. The differences in TT4, FT4, TPO-Ab, and TG-Ab between the GBS
and CIDP groups were statistically significant, **P < 0.01, *P < 0.05.

TPO-AD was statistically significant (P < 0.05), especially to the
TPO-Ab (P < 0.01). When GBS patients with TG-Ab>261.1
IU/mL, the difference in TG-Ab was statistically significant
(P < 0.05). However, the difference in HFGS was not statistically
significant (P > 0.05, Table 5).

DISCUSSION

To search for biomarkers between GBS and CIDP, we carried
out a data analysis on the disease. Ganglioside antibodies are

TABLE 4 | List of cut-off value, sensitivity, and specificity of thyroid function and
autoantibodies in GBS and CIDP ROC analysis.

Variable Criterion Specificity (%) Sensitivity (%)
TPO-Ab >13.7 IU/mL* 96.15 63.92
>18.6 IU/mL* 97.44 60.82
>133 IU/mLA 98.72 11.34
<0.011U/mLA 97.96 9.09
TG-Ab >6.6 IU/mL* 88.46 69.07
>17.36 IU/mL* 94.87 60.82
>261.11U/mLA 98.72 2.06
<0.46 IU/mL~ 98.98 11.69
T4 >89.15 nmol/L* 55.13 70.10
>97.45 nmol/L* 60.26 60.82
>157.75nmol/L» 97.44 6.19
<69.03nmol/L* 98.98 6.49
FT4 >12.23 pmol/L* 48.72 71.13
>12.71 pmol/L* 58.97 60.82
>17.7pmol/L* 98.72 4.12
<9.08pmol/L* 97.96 1.30

*The diagnostic cut-off value corresponding to the maximum point of the Youden index.
#The diagnostic cut-off value corresponds to sensitivity near to 60%.
AThe diagnostic cut-off value corresponds to the maximal specificity.

more closely associated with GBS (10). CIDP is associated
with antibodies against the nodes of Ranvier/paranodal NF155
and contactin-1 (CNTN1) antibody (11). In addition to
our well-known serum and cerebrospinal fluid immunology-
related antibody tests, are there any other serum immune
biomarkers that can be easily and quickly tested to identify
these diseases? Relevant studies have reported that Fas is a
transmembrane receptor involved in the death program of
several cell lines, including T lymphocytes (12). Defective Fas
function is associated with CIDP, A-CIDP, thyroid autoimmunity
(13) development and aggressive evolution, which can be used
as a biomarker for the differential diagnosis of GBS and A-CIDP
(14). Gautier’s research showed that the IL-8 in CSF as a Potential
Biomarker in GBS (15). Our study found that increased thyroid
function and thyroid autoantibodies are associated with the
occurrence of GBS. We envisage the early identification of GBS
and CIDP by detecting thyroid autoantibodies because thyroid
function evaluation is much easier to obtain, whereas an essay of
T cell apoptosis and IL-8 acquisition in CSF are time-consuming
and require certain conditions. However, existing Chinese and
international publications are mostly case reports, and no clinical
studies with large sample sizes have focused on this topic.
The pathogenesis of GBS and thyroid autoantibody positivity
has not been elucidated and requires further investigation in
clinical research.

The Associations Between Thyroid
Autoantibodies (TPO-Ab and TG-Ab) and
GBS, CIDP, and Control Groups

The presence of serum thyroid autoantibodies is a major
indicator for the diagnosis of HT. TPO-Ab and TG-Ab are very
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FIGURE 3 | Receiver operating characteristic curves of TPO-Ab, TG-Ab, TT4, and FT4 for GBS occurrence (A) TPO-Ab, (B) TG-Ab, (C) TT4, and (D) FT4. The CIDP
group was used as the reference group, and the GBS group was used as the measurement group. O The diagnostic cut-off value corresponds to the maximum point
of the Youden index. @ The diagnostic cut-off value corresponds to the maximal specificity. X The diagnostic cut-off value corresponds to sensitivity near to 60%.

sensitive, and increases in these parameters can confirm HT (16).
This study showed that increases in TPO-Ab and TG-Ab were
associated with GBS. The TPO-Ab and TG-Ab autoantibody
levels of CIDP patients did not differ from those of the control
group. These results indicated that the positive rate of thyroid
autoantibodies in CIDP patients was similar to that of the control
population, although we did not consider the possibility of
elevated thyroid autoantibody levels in the general population.
There was no significant difference in HFGS score (representing
disease severity) between the GBS and CIDP groups. Therefore,

we concluded that there was no significant correlation between
the increase of thyroid functions and autoantibody levels and
disease severity. In logistic regression analysis, TT3 and TPO-
Ab was a risk factor for GBS patients with TPO-Ab was higher
than 133 IU/mL, especially to the TPO-Ab.TG-Ab was a risk
factor for GBS patients with TG-Ab higher than 261.1 IU/mL.
However, HFGS is not a risk factor. This study showed that the
differences in thyroid autoantibody are not driven by severity.
Our ROC curve analysis showed that TPO-Ab higher than
133IU/mL or lower than 0.01 IU/mL and TG-Ab higher than

Frontiers in Neurology | www.frontiersin.org 6

September 2020 | Volume 11 | Article 1018


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Tuetal.

Thyroid Autoantibodies in GBS and CIDP

A TPO-Ab TG
100 100
E Sensitivity: 96.1 i
B Specificity: 6327 - Sensitivity: 88.31
80 —— Criterion: <13.7 # 80 Specificity: 68.37
[ B Criterion: <66
> B rd - e
- g 6o
i) - = B
s’ 17) p.
5 L 2 I
o 40} » 40
20 — f 20 -
: /"Sensitivity: 9.09 AUC =0.775 : l,’Slensiﬁvity: 11.69 AUC =0.808
- ’/' Specificity: 97.96 P <0.001 » '/’ Specificity: 98.98 P <0.001
0 d Criterion: <0.01 0 % Criterion: <0.46
Illllllllllllllllll Illllllllllllllllll
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity
C
TT4 FT4
100 |- 100 |-
80 I~ 80 I~
| Sensitivity: 55.84 [ Seesitivifys 3074
S o Specificity: 61.22
- Specificity: 70.41 L » Criterion: <12.71 5
= 60 |—Criterion: <89.15 e =2 60 - T Py
= - > E
= J = J
[} B 7 0 B e
5 of 5 of
» 40 v » 40
20 20 |~ y
B " Sensitivity: 649 AUC = 0.653 N  Sensitivity: 1.30 AUC = 0.601
| J Z])eufiuty:<289.:§ P < 0.001 L Specificity: 97.96 P=0.019
il riterion: <69. : - Criterion: <9.08 .
0IIIIIIIIIIIIIIIIIIIII Ollllrelnolnl lIIIlIlIIlIl
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity
FIGURE 4 | Receiver operating characteristic curves of TPO-Ab, TG-Ab, TT4, and FT4 for CIDP occurrence (A) TPO-Ab, (B) TG-Ab, (C) TT4, and (D) FT4. The GBS
group was used as the reference group, and the CIDP group was used as the measurement group. O The diagnostic cut-off value corresponds to the maximum point
of the Youden index. @ The diagnostic cut-off value corresponds to the maximal specificity.

261.1 IU/mL or lower than 0.46 IU/mL had high specificity
for differentiation between GBS and CIDP and could be used
as an auxiliary reference indictor for differentiation between
the two diseases. HT with comorbid GBS may be caused by
dysregulation of the immune system, which may be different
from the pathophysiology underlying HT with comorbid CIDP;
the possible mechanisms are analyzed below.

The possible mechanism underlying the increase in thyroid
autoantibodies in GBS patients may be a consequence of
an immunological interaction between autoantibodies and
neuronal cells (6). Indeed, ganglioside antibodies play an
important role in the possible mechanism. Patients with positive

thyroid autoantibodies had significantly increased responses
to ganglioside antibodies (17). Ganglioside is an important
link between pathogens and nerve tissue components in the
pathogenesis of GBS. The production of ganglioside antibodies
interferes with myelination and damages the integrity of myelin
sheaths to beget GBS, while CIDP lacks pathogenic infection
and other relevant links. Whether it is precursor infection that
causes the thyroid autoantibodies titres in GBS to significantly
increase needs further discussion. In addition to the effect
of ganglioside antibodies on the integrity of myelin sheaths,
cytokines [such as interferon-y, tumor necrosis factor a (TNF-a),
and interleukin 17 (IL-17)] (18, 19) and oxidative stress [such as

Frontiers in Neurology | www.frontiersin.org

September 2020 | Volume 11 | Article 1018


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Tuetal.

Thyroid Autoantibodies in GBS and CIDP

TABLE 5 | Logistic regression analysis of risk factors for GBS patients with TPO-Ab>133 IU/mL or TG-Ab>261.1 IU/mL.

Variable GBS patients with TPO-Ab>133 IU/mL GBS patients with TG-Ab>261.1 lU/mL
Univariate logistic Multivariate logistic Univariate logistic Multivariate logistic
regression analysis regression analysis regression analysis regression analysis
OR P OR P OR P OR P
Sex 7.238 0.006** 2.539 0.358 0.000 0.998 - -
Age 0.977 0.402 - - 0.925 0.337 - -
TT3 54.378 0.004** 137.398 0.013* 1.316 0.899 - -
TT4 0.992 0.452 - - 1.010 0.764 - -
TSH 0.832 0.316 - - 0.685 0.108 - -
FT3 1.402 0.374 - - 1.329 0.750 - -
FT4 0.839 0.264 - - 1.673 0.325 - -
TPO-Ab 0.986 0.002** 0.989 0.001** 0.994 0.039* 0.993 0.054
TG-Ab 0.996 0.113 - - 0.994 0.014* 0.994 0.023*
HFGS 1.691 0.400 - - 0.000 0.999 - -

GBS patients with TPO-Ab>133 IU/mL or TG-Ab>261.1 IU/mL and CIDP patients were used as classification dependent variables, respectively, and general patient data, including
sex, age, and levels of TT3, TT4, TSH, FT3, FT4, TPO-Ab, TG-Ab, and HFGS, were used as independent variables for univariate logistic regression analysis. Variables with P < 0.05
were included in Multivariate logistic regression analysis. The results of the regression showed that when GBS patients with TPO-Ab> 133 IU/mL, the difference in TT3 and TPO-Ab was
statistically significant (*P < 0.05), especially to the TPO-Ab (**P < 0.01). When GBS patients with TG-Ab>261.1 IU/mL, the difference in TG-Ab was statistically significant, *P < 0.05.

the production of large amounts of reactive oxygen species (ROS)
in cells] (20, 21) were also directly involved in the pathological
process of demyelination in patients with GBS and CIDP,
which are also associated with the occurrence of autoimmune
thyroid disease and elevated TPO-Ab antibody levels (22, 23).
Moreover, a specific genetic background may cause shared
susceptibility to these autoimmune diseases (24). Although GBS
and CIDP both belong to immune-mediated peripheral nerve-
demyelinating diseases, they have long been regarded differently
in the disease spectrum. As mentioned above, defective Fas
function has resulted in the simultaneous occurrence of CIDP
and autoimmune thyroid diseases (13). Thus, the possibility of
common susceptibility between CIDP and HT is taken into
account. However, are GBS and HT more susceptible? To date,
no relevant reports have been issued. Further study is necessary
to explore whether the possible mechanism that promotes GBS
and the increase in thyroid autoantibodies differ from those that
act in CIDP.

The Associations Between Thyroid
Function (TT3, TT4, FT3, FT4, and TSH) and
GBS, CIDP, and Control Groups

Most T4 binds with its transport proteins (thyroxine-binding
globulin (TBG), prealbumin, and albumin). Changes in the TBG-
binding ability and the concentration of T4 under physiological
and pathological conditions influence TT4. This study showed
that the TT4 and FT4 levels in GBS patients were higher than
those in CIDP and Control group patients, especially the TT4
level. The existence of a certain step in the disease course of GBS
that affects the binding ability of TBG and leads to an increase
in TT4 cannot be ruled out, which still requires further clinical
studies for confirmation.

The Associations Between Sex Differences
and GBS and CIDP

Autoimmune thyroid diseases are more common in women,
but the incidence and prevalence of GBS among men are both
increasing, and genetic and environmental factors likely play a
role in this trend (25). The GBS and CIDP groups both included
more men than women in this study, which is consistent with the
increasing trend of GBS among men mentioned above, but no
reports indicate that CIDP is more common in men.

A limitation of this study is its retrospective design, and
we could not ensure that each patient received complete
examinations, such as thyroid color Doppler ultrasound and
anti-ganglioside antibody detection. Furthermore, the Medical
Research Council (MRC) sum score was not assessed for each
enrolled patient; therefore, the correlation between the MRC
sum score and increased thyroid autoantibodies levels could
not be evaluated. In the future, prospective studies should be
performed with complete examinations to improve the accuracy
of the results.

In summary, our study indicated that an elevation of thyroid
autoantibodies was associated with GBS. Among the GBS
patients, TPO-AD had higher auxiliary diagnostic value for male
GBS patients. The use of thresholds of higher than 13.7 IU/mL
for TPO-Ab or higher than 6.6 IU/mL for TG-Ab yielded the
best sensitivity and specificity for differentiating GBS from CIDP.
When TPO-Ab was higher than 133 IU/mL and TG-Ab was
higher than 261.1 IU/mL, a diagnosis of GBS was almost certain.
However, when TPO-Ab was lower than 0.01 IU/mL and TG-
Ab was lower than 0.46 IU/mL, a diagnosis of CIDP was almost
certain. TPO-Ab and TG-Ab may be used as biomarkers for
the differential diagnosis of GBS and CIDP. Early detection of
thyroid autoantibodies abnormalities in patients has important
clinical value for predicting GBS.

Frontiers in Neurology | www.frontiersin.org

September 2020 | Volume 11 | Article 1018


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Tuetal.

Thyroid Autoantibodies in GBS and CIDP

DATA AVAILABILITY STATEMENT

All datasets presented in this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics committee of Beijing tiantan hospital
affiliated to capital medical university. Written informed consent
from the participants’ legal guardian/next of kin was not required
to participate in this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

YT managed and collected data and wrote the manuscript.
XG researched data and wrote the manuscript. XY conceived

REFERENCES

1. Hughes RA, Brassington R,
Corticosteroids ~ for
Syst  Rev.  (2016)
446.pub5

2. Comi C, Gaviani P, Leone M, Ferretti M, Castelli L, Mesturini
R, et al. Fas-mediated T-cell apoptosis is impaired in patients
with  chronic  inflammatory ~ demyelinating  polyneuropathy. |
Peripher Nerv Syst. (2006) 11:53-60. doi: 10.1111/j.1085-9489.2006.
00063.x

3. Van den Bergh PY, Hadden RD, Bouche P, Cornblath DR, Hahn A, Illa
I, et al. European federation of neurological societies/peripheral nerve
society guideline on management of chronic inflammatory demyelinating
polyradiculoneuropathy: report of a joint task force of the european federation
of neurological societies and the peripheral nerve society - first revision. Eur J
Neurol. (2010) 17:356-63.

4. Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechanick
JI, et al. Clinical practice guidelines for hypothyroidism in adults:
cosponsored by the american association of clinical endocrinologists and the
american thyroid association. Thyroid. (2012) 22:1200-35. doi: 10.1089/thy.20
12.0205

5. Bairactaris C, Stouraitis G, Papalias E, Fakas
G, Gourtzelidis P. Early neurophysiological
inflammatory demyelinating polyneuropathy in a patient with Hashimoto’s
thyroiditis.  Muscle Nerve. (2008) 38:1518-22. doi: 10.1002/mus.
21138

6. Toudou Daouda M, Obenda NS, Maazou L, Camara D, Souirti Z, Elmidaoui
A, et al. Guillain-Barre syndrome and hashimoto’s thyroiditis. Q/M. (2016)
109:547-8. doi: 10.1093/qjmed/hcw007

7. Huang Y, Ying Z, Chen Z, Xiang W, Su Z, Quan W, et al. Thyroid
hormone level is associated with the frequency and severity of Guillain-Barré
syndrome. Int ] Neurosci. (2017) 127:893-9. doi: 10.1080/00207454.2016.12
78541

8. Wakerley BR, Uncini A, Yuki N, GBS Classification Group, Group
GC. Guillain-Barré and miller fisher syndromes-new diagnostic
classification. Nat Rev Neurol. (2014) 10:537-44. doi: 10.1038/nrneurol.
2014.138

9. Hughes RA, Newsom-Davis JM, Perkin GD, Pierce JM. Controlled
trial  prednisolone in  acute  polyneuropathy.  Lancet.  (1978)
2:750-3. doi: 10.1016/S0140-6736(78)92644-2

10. Fan C, Jin H, Hao H, Gao E Sun Y, Lu Y, et al. Anti-ganglioside
antibodies syndrome and inflammatory

Gunn  AA, van Doorn PA.
Guillain-Barré  syndrome. Cochrane Database
10:CD001446.  doi:  10.1002/14651858.CD001

N, Papatheodorou
evolution of chronic

in Guillain-Barre chronic

and designed the study and contributed to the manuscript.
GZ, WZ, and ZL researched the data, contributed to
the discussion, and reviewed and edited the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

The present study was supported by the Zhuhai Science
and Technology Plan Project (Grant No. 20191208
E030034).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2020.01018/full#supplementary-material

demyelinating polyneuropathy in Chinese patients. Muscle Nerve. (2017)
55:470-5. doi: 10.1002/mus.25266

11. Querol L, Siles AM, Alba-Rovira R, Jauregui A, Devaux J, Faivre-
Sarrailh C, et al. Antibodies against peripheral nerve antigens in chronic
inflammatory demyelinating polyradiculoneuropathy. Sci Rep. (2017)
7:14411. doi: 10.1038/s41598-017-14853-4

12. Comi C, Fleetwood T, Dianzani U. The role of T cell apoptosis
in  nervous system  autoimmunity. (2012)
12:150-6. doi: 10.1016/j.autrev.2011.08.011

13. Bona G, Defranco S, Chiocchetti A, Indelicato M, Biava A, Difranco
D, et al. Defective function of Fas in T cells from paediatric patients
with autoimmune thyroid diseases. Clin Exp Immunol. (2003) 133:430-
7. doi: 10.1046/j.1365-2249.2003.02221.x

14. Comi C, Osio M, Ferretti M, Mesturini R, Cappellano G, Chiocchetti
A, et al. Defective Fas-mediated T-cell apoptosis predicts acute onset
CIDP. J Peripher Nerv Syst. (2009) 14:101-6. doi: 10.1111/j.1529-8027.2009.
00219.x

15. Breville G, Lascano AM, Roux-Lombard P, Lalive PH. IL-8 as a potential
biomarker in Guillain-Barre syndrome. Eur Cytokine Netw. (2019) 30:130-4.

16. Radetti G. Clinical aspects of hashimoto’s thyroiditis. Endocr Dev. (2014)
26:158-70. doi: 10.1159/000363162

17. Misssig K, Leyhe T, Holzmiller S, Klein R, Weinert C, Saur
R, et al. Increased prevalence of antibodies to central nervous
system tissue and gangliosides in hashimoto’s thyroiditis compared
to  other  thyroid illnesses.  Psychoneuroendocrinology.  (2009)
34:1252-6. doi: 10.1016/j.psyneuen.2009.03.011

18. Yang QD, Wu Y. Role of related cytokines in the pathogenesis of Guillain-
Barre syndrome. Int ] Immunol. (2015) 38:596-9.

19. Beppu M, Sawai S, Misawa S, Sogawa
T, et al. Serum cytokine and chemokine
with  chronic  inflammatory  demyelinating

(2015)  279:7-10.  doi:

Autoimmun  Rev.

K, Mori M, Ishige
profiles in patients
polyneuropathy. ]
Neuroimmunol. 10.1016/j.jneuroim.2014.
12.017
20. Marrali G, Salamone P, Casale F, Fuda G, Cugnasco P, Caorsi C, et al.
NADPH oxidase 2 (NOX2) enzyme activation in patients with chronic
inflammatory demyelinating polyneuropathy. Eur ] Neurol. (2016) 23:958-
63. doi: 10.1111/ene.12971
21. Giuimisyayla S, Vural G, Yurtogullari Cevik S, Akdeniz G, Neselioglu S, Deniz
O, et al. Dynamic thiol-disulphide homeostasis in patients with Guillain-Barre
Syndrome. Neurol Res. (2019) 41:413-8. doi: 10.1080/01616412.2019.1573955
22. Kokkotou E, Marafelia P, Mantzos EI, Tritos NA. Serum monocyte
chemoattractant protein-1 is increased in chronic autoimmune thyroiditis.
Metabolism. (2002) 51:1489-93. doi: 10.1053/meta.2002.34717

Frontiers in Neurology | www.frontiersin.org

September 2020 | Volume 11 | Article 1018


https://www.frontiersin.org/articles/10.3389/fneur.2020.01018/full#supplementary-material
https://doi.org/10.1002/14651858.CD001446.pub5
https://doi.org/10.1111/j.1085-9489.2006.00063.x
https://doi.org/10.1089/thy.2012.0205
https://doi.org/10.1002/mus.21138
https://doi.org/10.1093/qjmed/hcw007
https://doi.org/10.1080/00207454.2016.1278541
https://doi.org/10.1038/nrneurol.2014.138
https://doi.org/10.1016/S0140-6736(78)92644-2
https://doi.org/10.1002/mus.25266
https://doi.org/10.1038/s41598-017-14853-4
https://doi.org/10.1016/j.autrev.2011.08.011
https://doi.org/10.1046/j.1365-2249.2003.02221.x
https://doi.org/10.1111/j.1529-8027.2009.00219.x
https://doi.org/10.1159/000363162
https://doi.org/10.1016/j.psyneuen.2009.03.011
https://doi.org/10.1016/j.jneuroim.2014.12.017
https://doi.org/10.1111/ene.12971
https://doi.org/10.1080/01616412.2019.1573955
https://doi.org/10.1053/meta.2002.34717
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Tuetal.

Thyroid Autoantibodies in GBS and CIDP

23. Karanikas G, Schuetz M, Wahl K, Paul M, Kontur S, Pietschmann P,
et al. Relation of anti-TPO autoantibody titre and T-lymphocyte cytokine
production patterns in hashimoto’s thyroiditis. Clin Endocrinol. (2005)
63:191-6. doi: 10.1111/j.1365-2265.2005.02324.x

24. Wang JY, Pan ], Luo BY, Zhang YY. Temporal coincidence of myasthenia
gravis and Guillain Barré syndrome associated with hashimoto
thyroiditis. Neurol Sci. (2011) 32:515-7. doi: 10.1007/s10072-011-
0579-3

25. McCombe PA. Sexual dimorphism in autoimmune disease.
Curr Mol Med. (2009) 9:1058-79. doi: 10.2174/1566524097898
39116

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Tu, Gong, Zeng, Zhuo, Li and Yu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

10

September 2020 | Volume 11 | Article 1018


https://doi.org/10.1111/j.1365-2265.2005.02324.x
https://doi.org/10.1007/s10072-011-0579-3
https://doi.org/10.2174/156652409789839116
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Differences in Thyroid Function and Autoantibodies in the Development of Guillain–Barré Syndrome vs. Chronic Inflammatory Demyelinating Polyradiculoneuropathy
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