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Abstract

Objective To investigate the potential detection rate of anti-thyroid antibodies’ (ATAbs) positivity, thyroid dysfunctions,
and autoimmune thyroid diseases (AITDs) in autoimmune encephalitis (AE) and to analyze whether thyroid autoimmunity/
dysfunction can affect the clinical course of AE.

Methods Two hundred twenty-one AE patients and 229 age- and sex-matched controls were included in this study. We
measured the levels of ATAbs (anti-thyroglobulin antibodies [TgAb], anti-thyroid peroxidase anti-bodies [TPOADb]) and
thyroid hormones in all the individuals. In addition, the association of thyroid autoimmunity/dysfunctions with functional
outcomes of AE was identified by using logistic regression and Kaplan—Meier analyses.

Results The prevalence of TPOAb-positive and TgAb-positive was significantly higher in AE patients (16.3% and 16.7%,
respectively) as compared with controls (9.6% and 7.4%, respectively; P =0.034 and P=0.002, respectively). In addition,
the free triiodothyronine (fT3) level was significantly lower in AE patients as compared to the controls (P <0.001). However,
the frequency of AITDs (Hashimoto’s thyroiditis and Graves’ disease) did not significantly differ between AE patients and
control subjects. Importantly, low fT3 was found to be associated with poor functional outcomes at the 3-month follow-up
in AE. Adjustment of potential confounders did not change the association. However, the presence of ATAbs did not signifi-
cantly alert the disease course of AE.

Conclusions ATAbs-positive and/or AITD patients with symptomatic encephalopathy should undergo proper surveillance
for AE. Moreover, low fT3 could serve as a possible predictor of poor short-term outcome in AE, thereby suggesting that
monitoring of thyroid function in AE may be necessary.

Keywords Autoimmune encephalitis - Thyroid function - Anti-thyroid antibodies - Autoimmune thyroid diseases -
Outcome

Introduction

Jing-Fang Lin and Jie-Rui Wang contributed equally to the Autoimmune encephalitis (AE) associated with antibod-
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similar clinical presentations, such as seizures, memory
deficits, and psychiatric symptoms. However, HE and
neuronal antibody—positive AE are considered as different
disorders. The differential diagnosis of neuronal antibody-
positive AE and HE is clinically important because AE is
caused by dysfunction of neurons due to interactions of
neuronal receptors with antibodies, which can be poten-
tially triggered by tumors or abnormal immune conditions.
In addition, patients with HE had been found to respond
well to the steroids. For patients with AE, their immune
treatment methods may be varied. The first-line treatment
includes steroid intravenous immunoglobulins [IVIG]
and plasma exchange. The second-line treatment includes
cyclophosphamide, rituximab, and mycophenolate mofetil.
HE still remains a controversial entity in the twenty-first
century. Until now, no neuronal antibody associated with
HE was found. The high serum levels of TPOAb-asso-
ciated neurological syndrome had been found due to a
completely unrelated etiology [1]. An early diagnosis and
immunotherapy can contribute to better outcome of AE
patients [6]. According to the diagnostic criteria of 2016,
the diagnosis of HE should be conclusively made only
after exclusion of AE and other syndromes associated with
defined auto-antibodies [1].

A number of previous studies have demonstrated that thy-
roid dysfunction may have an influence on the poor clinical
outcomes in some diseases (such as stroke, traumatic brain
injury, or encephalitis) [7-9], but there are only few studies
that have previously focused on the relationship between
the thyroid dysfunction and the functional outcome of AE.
Moreover, autoimmune thyroid diseases (AITDs) are the
most commonly diagnosed organ-specific autoimmune dis-
eases, which mainly includes Hashimoto’s thyroiditis (HT)
and Graves’ disease (GD) [10]. ATAbs, such as anti-thyroid
peroxidase antibodies (TPOADb) and anti-thyroglobulin anti-
bodies (TgAb), are generally considered as sensitive serum
markers of AITDs [11]. An increased prevalence of ATAbs
and AITDs have been found in several autoimmune diseases
such as myasthenia gravis [12], neuromyelitis optical spec-
trum disorder [13], and multiple sclerosis [14]. Patients with
AE are observed to have a high frequency of positive ATAbs
in several previous reports, although the numbers of AE
cases investigated were relatively small [15, 16]. However,
so far, to the best of our knowledge, no study has previously
described detailed clinical characteristics of patients with
both AE and AITDs.

Thus, we aimed to evaluate the possible detection rate of
ATAbs positivity as well as thyroid dysfunctions in patients
with AE and also to investigate whether thyroid autoimmun-
ity/dysfunction can significantly affect the clinical course of
AE. In addition, the clinical presentations, laboratory find-
ings, temporal patterns, treatment, and prognosis of patients
with coexistence of AE and AITDs have been also analyzed.
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Methods
Patients

In this observational study, patients with definite AE and
who visited the neurology center, West China Hospital, from
June 2012 to September 2020 were retrospectively reviewed.
AE was diagnosed according to the 2016 diagnostic crite-
ria as described in our previous study [1, 17]. Exclusion
criteria used were as follows: (1) patients diagnosed with
infectious encephalitis, toxic metabolic encephalopathy, cer-
ebral malaria, brain abscess, brain tumor, prion diseases, or
unknown cause encephalitis; (2) patients who did not test
the serum samples for ATAbs and thyroid function tests; and
(3) patients with missing data. The control group included
subjects who visited our hospital for health examination.

Clinical evaluation

The data related with the demographics, clinical features,
the results of auxiliary examinations, treatment modalities,
outcomes, and clinical relapses were collected by experi-
enced neurologists. Brain magnetic resonance imaging
(MRI) results were systematically assessed by radiologists
and neurologists. Routine electroencephalogram (EEG)
results were evaluated by experienced neurophysiologists.
The modified Rankin scale (mRS) was used to evaluate the
functional outcome of AE [18]. All the data in a unified
report form were collected from the hospital medical records
or the database of the One-WC (Outcomes of anti-NMDAR
Encephalitis Study in Western China; registration number:
ChiCTR1800019762) registry study.

Laboratory testing

The fasting blood samples were collected at 67 a.m. of the
second day after admission, including hemoglobin (Hb) lev-
els, neutrophil-to-lymphocyte ratio (NLR), total cholesterol,
uric acid, and plasma fibrinogen. In addition, the testing for
serum thyroid function levels during the first admission
(before immunotherapy) included serum free triiodothyro-
nine (fT3, reference range, 3.60-7.50 pmol/l), free thyroxine
(fT4, reference range, 12.0-22.0 pmol/l), thyrotropin (TSH,
reference range, 0.27-4.20 mU/1), TPOAD (reference range,
0-34 U/ml), and TgAb (reference range, 0—115 U/ml), and
these were tested by a Roche immunoanalyzer (Moduler EE,
E170D) [19].

Cerebrospinal fluid (CSF) and serum samples of all
patients were screened prior to administering immunother-
apy. The antibodies panel included NMDAR, anti-LGI-1,
anti-CASPR?2, anti-GABA 4R, anti-GABAgR anti-AMPA1,
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anti-AMPA?2, anti-DPPX, anti-IgLONS. An evaluation of
antibodies was performed according to the previously
reported studies [17, 20].

Follow-up and outcome

In this study, the mRS score was evaluated by follow-up
clinic visits from the patients or/and their caregivers every
3 months after disease onset. The follow-up period was at
least 3 months after the disease onset for all patients. The
primary outcome was a poor outcome at the 3-month follow-
up. The secondary outcomes included relapse and death at
the last follow-up.

Definition

As previously reported, overt hypothyroidism was defined by
increased TSH, and a decrease in fT4, whereas subclinical
hypothyroidism was defined by raised TSH and normal level
of fT4. Overt hyperthyroidism was defined by decrease in
TSH and increased fT4 and/or fT3, and subclinical hyper-
thyroidism was defined by decreased TSH and normal
level of fT4 and fT3 [21]. HT was defined by the high level
of TPOAD, raised TSH, and/or thyroid ultrasonography
(hypoechogenic appearance) [22]. Furthermore, the diag-
nosis of GD was based on the clinical symptoms, low TSH
with elevated fT4 and/or fT3 levels, positive TRAb and/or
thyroid ultrasonography (diffuse goiter, and decreased as
well as dishomogeneous echogenicity) [23]. Thyroid ultra-
sonography was not included in the routine examination.

The relapse of AE was identified as a new onset or wors-
ening of the symptoms after at least 2 months of stabilization
or initial improvement [24]. A mRS score of > 2 was defined
as a poor functional outcome.

Statistical analysis

Statistical analysis was conducted using the Statistical
Package for the Social Sciences (SPSS) version 25.0 (SPSS
Inc., Chicago, IL, USA) and R software, version 3.6.1 (R
Foundation for Statistical Computing, Vienna, Austria). In
this study, continuous variables were presented as median
(range) or mean + SD; and categorical variables were pre-
sented as an absolute number (percentage). We applied the
Mann—Whitney U test for continuous variables with non-
normal distribution and ¢ test for continuous variables with
normal distribution. Chi-square test or Fisher’s exact test
were used to calculate the categorical variables. A two-sided
P value <0.05 was considered statistically significant. Bon-
ferroni correction was used for multiple testing. Multiple
logistic regression was used to examine the association of
thyroid function with functional outcome at the 3-month
follow-up.

Results

Demographics and clinical features of patients
with AE and controls

A total of 221 patients with AE (mean age:
34.5 +15.58 years; female/male: 128:93) were included in
this study. Among them, 156 patients with NMDAR anti-
bodies, 41 patients with LGI1 antibodies and/or CASPR2
antibodies, and 24 patients with GABAgR antibodies were
detected. The demographical and clinical features of the
patients with AE and controls have been summarized in
Table 1. These controls also matched the patients with AE
for sex and age.

Comparison of detection rate of ATAbs-positive
and thyroid dysfunction in patients with AE
and the controls

As shown in Table 1, compared to the controls, patients with
AE presented a significantly higher ATAbs (19.9% vs 12.2%,
P =0.026), TPOAD (16.3% vs 9.6%, P=0.034) and TgAb
seroprevalence rate (16.7% vs 7.4%, P=0.002). The TSH
level was significantly higher in patients with AE than in the
controls (P <0.001), while the fT3 level was significantly
lower in patients with AE than in controls (P <0.001). In
addition, in patients with AE, 87.3% were euthyroid, 7.7%
had subclinical hypothyroidism, 0.9% had overt hyperthy-
roidism, 2.3% had subclinical hyperthyroidism, and 1.8%
had overt hypothyroidism. Moreover, there was no sig-
nificant difference in the frequency of thyroid dysfunction
between the two groups. Finally, compared to the controls,
patients with AE displayed a higher frequency of AITDs,
although this difference was not found to be statistically sig-
nificant (3.1% vs 1.7%; P=0.381).

With regard to different types of AE, the proportion of
patients with ATAbs-positive was observed to be highest in
the GABAR group (41.7%) followed by the LGI1/CASPR2
group (31.7%) and the NMDAR group (13.5%). TgAb- and
TPOAb-positive rates were also noted to be statistically dif-
ferent among these groups (P <0.05; Fig. 1).

Association of the clinical course of AE
with ATAbs-positivity and thyroid dysfunction

Our data showed that all of the 44 AE patients with
ATAbs-positive presented seizures (37/44, 84.1%), behav-
ior dysfunction (40/44, 91.0%), cognitive deficits (30/44,
68.1%), movement disorders (16/44, 36.4%), disturbance
of consciousness (19/44, 43.2%), speech disturbance
(16/44, 36.4%), autonomic dysfunction (23/44, 52.3%),
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Table 1 Demographic
characteristic and thyroid status

in patients with AE and controls

Item AE (n=221) Controls (n=229) P value
Age, (mean+ SD), years 34.50+15.58 34.28+13.84 0.631
Gender, n (%), male 93 (42.1) 107 (46.7) 0.322
Laboratory findings
ATAbs-positive, n (%) 44 (19.9) 28 (12.2) 0.026
TPOAbD-positive, n (%) 36 (16.3) 22 (9.6) 0.034
TgAb-positive, n (%) 37 (16.7) 17 (7.4) 0.002
TSH, (mean + SD), mU/I 2.74+7.06 2.60+1.78 <0.001
fT3, (mean + SD), pmol/l 4.01+1.0 5.50+5.26 <0.001
fT4, (mean + SD), pmol/l 19.89+25.92 18.49+27.12 0.07
Thyroid dysfunction/ autoimmunity
Clinical hyperthyroidism 4(1.8) 1(0.4) 0.209
Subclinical hyperthyroidism 5(2.3) 1(0.4) 0.117
Clinical hypothyroidism 2(0.9) 0(0) 0.241
Subclinical hypothyroidism 17 (7.7) 14 (6.1) 0.509
AITDs, n (%) 73.2) 41.7) 0.374

AE autoimmune encephalitis; ATAbs anti-thyroid antibodies; AITDs autoimmune thyroid diseases; f13 free
triiodothyronine; fT4 free thyroxin; 7gAb anti-thyroglobulin antibodies; TPOAb anti-thyroid peroxidase

antibodies; TSH thyrotropin
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Fig.1 A comparison of the frequency of ATAbs-positive in the dif-
ferent types of autoimmune encephalitis. The detection rate of ATAbs
positivity was found to be highest in the GABAgR group followed
by the LGI1/CASPR2 group and the NMDAR group. The ATAbs-
positive rate was statistically different among these groups (P <0.05).
ATAbs = anti-thyroid antibodies; CASPR2 =contactin associated pro-
tein-2; GABAgR =gamma-aminobutyric-acid receptor; LGI1 =leu-
cine-rich glioma-inactivated protein-1; NMDAR = N-methyl-D-aspar-
tate receptor. Blue bars represent the number of patients with ATAbs
positivity. Red line represents the prevalence of ATAbs positivity of
the different types of autoimmune encephalitis

central hypoventilation (7/44, 16.0%), and sleep disturbance
(20/44, 45.5%). As shown in Tables 2 and 3, based on the
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univariate analysis, compared to AE patients with ATAbs-
negative, age at onset was higher in AE patients who were
detected with ATAbs-positive (P <0.05). The proportion of
elevated antinuclear antibody (ANA) was significantly higher
in the ATAbs-positive group (P <0.05). All patients with
both ATAbs- and ANA-positive had an ANA positive titer
of at least 1:100. Our data also showed that NLR was signifi-
cantly higher in the TPOAb-positive group as compared to
the TPOAb-negative group (P=0.03). Moreover, AE patients
with TgAb-positive had significantly higher levels of total
cholesterol as compared with TgAb-negative AE patients
(P=0.023). However, when the AE patients with ATAbs-
positive were compared with those with ATAbs-negative, sig-
nificant difference was not observed in the sex, clinical symp-
toms, the proportion of tumors, abnormal EEG, and abnormal
brain MRI. In addition, univariate analysis also indicated
that the disturbance of the consciousness (P =0.002), Hb
(P=0.01), and NLR (p=0.005) were significantly different
between the low fT3 and non-low fT3 groups.

Overall, 34.8% (77/221) of patients with the poor out-
come (mRS score >2) were diagnosed at the 3-month
follow-up. Univariate analysis showed that low fT3 could
be a significant predictive value (P =0.001; odds ratio, 0.6;
95% confidence interval, 0.442-0.813) for poor outcome at
the 3-month follow-up. This association remained signifi-
cant even in the multivariate model that was adjusted for
age, sex, systolic blood pressure, disturbance of conscious-
ness, Hb, total cholesterol, and NLR (Fig. 2). However, no
statistical significance between poor functional outcome
and fT4, TSH, TPOADb, and TgAb was observed in this
study.
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Table 2 Demographic and clinical characteristics between autoimmune encephalitis without and with ATAbs-positive
Item TPOAb-positive TPOAb-negative P value TgAb-positive (n=37) TgAb-nega- P value
(n=36) (n=185) tive (n=184)
Gender, n (%), male 17 (47.2) 76 (41.1) 0.495 15 (40.5) 78 (42.4) 0.858
Age at onset, 40.6+184 333+14.7 0.036 40.4+19 33.3+14.6 0.049
(mean =+ SD), years
Heart rate on admis- 85 (78-101) 88 (78-101) 0.977 84 (72-100) 89 (78-101) 0.474
sion, median (IQR),
bpm
Systolic blood pressure, 120 (106-132) 120 (110-132) 0.862 119 (105-133) 120 (109-131) 0.848
median (IQR), mmHg
Cumulative symptoms, n (%)
Seizure 30 (83.3) 148 (80) 0.644 31 (83.8) 147 (79.9) 0.585
Behavior dysfunc- 32 (88.9) 157 (84.9) 0.795  33(89.2) 156 (84.8) 0.614
tion
Cognitive deficits 25 (73.5) 120 (65.9) 0.387 26 (74.3) 119 (65.7) 0.325
Movement disorders 12 (33.3) 69 (37.3) 0.652 15 (40.5) 66 (35.9) 0.591
Disturbance of 14 (38.9) 87 (47) 0.370 15 (40.5) 86 (46.7) 0.490
consciousness
Speech disturbance 13 (36.1) 60 (32.4) 0.668 14 (37.8) 59 (32.1) 0.792
Autonomic dysfunc- 18 (50) 98 (53) 0.744 19 (51.4) 97 (52.7) 0.879
tion
Central hypoventila- 7 (19.4) 38 (20.5) 0.881 6(16.2) 39 (21.2) 0.493
tion
Sleep disturbance 17 (50) 71 (38.4) 0.204 15429 73 (39.7) 0.725
Laboratory findings
CSF protein 10 (27.8) 50 (27) 0926 10(27) 50 (27.2) 0.985
(>0.45 g/L), n (%)
CSF WBC (>5 16 (44.4) 81 (43.8) 0942 16 (43.2) 81 (44) 0.965
cells/uL), n (%)
MRI abnormality, 10 (29.4) 82 (46.6) 0.065 12 (32.4) 80 (46.2) 0.124
n (%)
EEG abnormality, 24 (70.6) 131 (76.6) 0455 25(71.4) 130 (76.5) 0.527
n (%)
Hemoglobin, 135 (128-149) 132 (123-146) 0.219 135 (126-150) 134 (123-146) 0.417
median (IQR), g/L
Uric acid, median 245.5 (192.5-347.5) 258.5 (189.5-339.5) 0.645 255 (199-353) 257.8 (188.3-337.8) 0.549
(IQR), pmol/L
Total cholesterol, 4.0 (3.3-4.6) 3.9(3.3-4.6) 0422 4.3 (3.5-5.0) 3.8(3.3-45) 0.023
median (IQR),
mmol/L
NLR 6.8 (3.0-9.8) 4.0 (2.7-6.6) 0.03 6.2 (2.6-8.7) 4.0 (2.8-6.6) 0.164
Plasma fibrinogen, 2.8 (2.1-3.4) 2.6 (2.1-3.3) 0.657 2.7 (2.0-3.3) 2.6(2.1-3.3) 0.904
median (IQR), g/L.
Other autoantibodies (%)
Antinuclear anti- 9(25.7) 16 (9.0) 0.009 11 (30.6) 14 (7.9) 0.001
body
Antinuclear anti- 9 (25.7) 15 (8.4) 0.007 11 (30.6) 13 (7.3) <0.001
body titer > 1:100
Double stranded 0 0 - 0 0 -
DNA
Elevated rheumatoid 0 5(2.8) 0.594 1(2.8) 4(2.3) 1.000
factor
SSA or SSB 2(5.7) 8 (4.5) 0.670 2 (5.6) 8 (4.5) 0.678
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Table 2 (continued)

Item TPOAb-positive TPOAb-negative P value TgAb-positive (n=37) TgAb-nega- P value
(n=36) (n=185) tive (n=184)
Anti-neutrophil 0 0 - 0 0 -
cytoplasmic
antibody
Other autoimmune 0 3 1.000 0 3 1.000
diseases
Tumors, 1 (%) 2 (5.6) 23 (12.4) 038 2(54) 23 (12.5) 0.268
Treatment, 1 (%)
IVIG+MP 26 (72.2) 108 (58.4) 0.12 26 (70.3) 108 (57.2) 0.189
IVIG or MP 10 (27.8) 77 (41.6) 11 (29.7) 76 (41.3)

CSF cerebrospinal fluid; EEG electroencephalography; MRI magnetic resonance imaging; mRS modified Rankin scale; MP methylprednisolone;
NLR neutrophil-to-lymphocyte ratio in peripheral blood; /VIG IV immunoglobulin; WBC white cell count

During a median follow-up of 24 months (range,
3-90 months), a total of 40 (18.1%) patients experienced
clinical relapses. The median interval from onset to the
first relapse was approximately 6 months (range: 2-54).
Kaplan—Meier curve demonstrated a higher trend of clini-
cal relapses in patients with ATAbs-positive, but these were
found to be not statistically significant (TPOAb-positive vs
TPOAD -negative, 25.0 vs 16.8% P=0.16; TgAb-positive vs
TgADb -negative, 27.0 vs 16.3% P=0.1). In addition, during
the follow-up period, 15 patients (6.8%) died with a median
interval of 6 months from the symptom onset to the death
(range, 2.5-21 months). Kaplan—Meier curve showed a simi-
lar probability of survival rate among the different thyroid
function groups (Supplementary Fig. 1).

Clinical characteristics of patients with AE and AITDs

Of these 221 patients, seven patients were found to have
evidence of AITDs, including HT (n=5) and GD (n=2).
Other autoimmune diseases were found in 3 of 221 patients,
including one with psoriasis (0.5%), one with systemic lupus
erythematosus (0.5%), and one with Sjogren’s syndrome
(0.5%). Supplementary Table 1 shows the detailed clinical
characteristics of the patients with AE and AITDs, and all of
these patients did not have any other autoimmune disorders.

Among the five AE patients with HT, the onset of these
two different diseases was found to be approximately con-
comitant. Three HT patients who also exhibited overt
hypothyroidism were treated with synthetic levothyroxine
therapy. Two patients (patient 2 and 5) were diagnosed GD
prior to AE, and the time between the onset of both the
conditions were 4 and 2 years, respectively. Three patients
received only IVIG and four patients received IVIG and MP
treatment. In addition, four patients received levothyroxine
(L-T4) treatment, one patient received thiamazole treatment,
and two patients without treatment for AITDs. One GD
patient (patient 2) had hypothyroid exposure to radioactive
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iodine-131 and maintained L-T4 treatments daily. And one
GD patient (patient 5) received substitution with thiama-
zole when AE was diagnosed. Since only a small number of
patients were diagnosed with AITDs, the exact comparison
of AE patients with and without AITDs could not be car-
ried out.

Discussion

The present report describes a comprehensive ATAbs
(TPOAD and TgAb) and thyroid function profile (TSH, fT4
and fT3) among a cohort of AE patients. It was observed
that compared to sex- and age-matched controls, AE patients
with significantly higher frequencies of TPOAb-positive and
TgAb-positive, higher TSH levels. and lower fT3 levels. In
addition, low fT3 level served as a significant predictive
value for poor outcome at the 3-month follow-up in AE
patients. However, the presence of ATAbs did not signifi-
cantly alter the disease course of AE. Finally, the prevalence
of patients with AE that co-existed with other AITDs was
also identified and their clinical features were described.

A few previously published studies with small sam-
ple size found that ATAbs-positivity could be detected
in 30-50% AE patients [15, 16]. In this study, although
a relatively low prevalence of ATAbs-positive in patients
with AE was observed, our results are in accordance with
previous studies that reported a significantly higher inci-
dence of ATAbs-positivity in AE as compared to controls.
Moreover, the proportion of patients with ATAbs-positivity
was higher in those with anti-LGI1/CASPR2 encephalitis
and anti-GABAGgR encephalitis as compared to those with
anti-NMDAR encephalitis. Given that a significant higher
percentage of AE patients show laboratory evidence of
ATAbs-positivity, our findings suggest that when a patient
might be suspected of having HE, antibodies against neural
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Table 3 Demographic and clinical characteristics of autoimmune encephalitis according to thyroid status

Item Low fT3 (n=77) Non-low fT3 P value Euthyroidism Hypothyroidism*  Hyperthyroidism# P value
(n=144) (n=193) n=19) n=9)
Gender, n (%), 27 (35.1) 66 (45.8) 0.122 80 (41.5) 9 (47.4) 4 (44.4) 0.858
male
Age at onset, 33.2+149 352+159 0.384 34.8+15.5 35.8+17.7 249+49 0.222
(mean + SD),
years
Heart rate on 89 (78-104) 86 (78-100) 0.63 87 (78-100) 89 (75-100) 80 (73-117) 0.989
admission,
median (IQR),
bpm
Systolic blood 116 (107-129) 121 (110-132) 0.069 120 (110-132) 117 (110-127) 101 (98-120) 0.038
pressure, median
(IQR), mmHg
Cumulative symptoms, 7 (%)
Seizure 65 (84.4) 113 (78.5) 0.288 155 (80.3) 14 (73.7) 9 (100) 0.268
Behavior dys- 67 (87) 122 (84.7) 0.645 163 (84.5) 18 (94.7) 8 (88.9) 0.550
function
Cognitive 54 (72) 91 (64.5) 0.266 126 (67) 14 (37.3) 5(55.6) 0.597
deficits
Movement 30 (39) 51(35.4) 0.602 70 (36.3) 7(36.8) 4(444) 0.898
disorders
Disturbance of 46 (59.7) 55(38.2) 0.002 86 (44.6) 8 (42.1) 7(77.8) 0.168
consciousness
Speech distur- 28 (36.4) 45 (31.3) 0441 64 (33.2) 11 (57.9) 5(55.6) 0.218
bance
Autonomic 43 (55.8) 73 (50.7) 0.465 98 (50.8) 12 (63.2) 6 (66.7) 0.419
dysfunction
Central 21(27.3) 24 (16.7) 0.062 40 (20.7) 3 (15.8) 2(22.2) 0.929
hypoventila-
tion
Sleep distur- 31 (40.3) 57 (40.1) 0.986 74 (38.7) 11 (57.9) 3(33.3) 0.278
bance

Laboratory findings

CSF protein 22 (28.6) 38 (26.4) 0.728 51 (26.4) 8 (42.1) 1(11.1) 0.207
(>0.45 g/L),
n (%)

CSFWBC (>5 39 (50.6) 58 (40.3) 0.139 85 (44) 8 (42.1) 4.(44.4) 1.000
cells/ulL), n
(%)

MRI abnormal- 35 (47.3) 57 (41.9) 0452 81 (44) 8 (42.1) 3429 1.000
ity, n (%)

EEG abnormal- 59 (83.1) 96 (71.6) 0.069 136 (76.4) 12 (63.2) 7 (87.5) 0.051
ity, n (%)

Hemoglobin, 131 (120.5-141.5) 135 (125-148) 0.01 133 (124-147) 135 (122-143) 135 (119-154) 0.959
median (IQR),
g/L

Uric acid, 235 (185-344) 263 (197-333) 0.28 255 (189-340) 248 (178-325) 309 (241-484) 0.194
median (IQR),
pmol/L

Total choles- 3.7(3.2-44) 4.0 (3.5-4.7) 0.066 3.9 (3.3-4.6) 3.8(3.24.9) 3.9 (2.74.6) 0.636
terol, median
(IQR),

mmol/L
NLR 5.3 (3.3-8.6) 3.6 (2.5-6.6) 0.005 4.02.7-7.3) 4.7 (3.0-8.3) 5.4 (3.2-11.3) 0.504
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Table 3 (continued)

Item Low fT3 (n=77) Non-low T3 P value Euthyroidism Hypothyroidism*  Hyperthyroidism# P value
(n=144) (n=193) (n=19) (n=9)
Plasma fibrino- 2.7 (2.1-3.3) 2.6 (2.2-3.3) 0.737 2.6 (2.1-3.3) 2.4 (2.2-3.8) 2.7(2.3-3.3) 0.861
gen, median
dQR), g/L
Tumors, n (%) 13 (16.9) 12 (8.3) 0.056 24(12.4) 0 (0) 1(11.1) 0.842
Treatment, n (%)
IVIG+MP 43 (55.8) 91 (63.2) 0.287  119(61.7) 10 (52.6) 5(55.6) 0.691
IVIG or MP 34 (44.2) 53 (36.8) 74 (38.3) 9 (47.4) 4(444)

CSF cerebrospinal fluid; EEG electroencephalography; MRI magnetic resonance imaging; mRS modified Rankin scale; MP methylprednisolone;
NLR neutrophil-to-lymphocyte ratio in peripheral blood; /VIG IV immunoglobulin; WBC white cell count

“Clinical and subclinical hypothyroidism

#Clinical and subclinical hyperthyroidism

Group P value OR (95%Cl)

fT3

Model 1 0.001 0.6 (0.442-0.813) ——

Model 2 0.02 0.672(0.48-0.939) —

fT4

Model 1 0.607 1.003 (0.992-1.013) "

Model 2 0.789  1.002 (0.99-1.014) .

TSH

Model 1 0.333 0.943 (0.837-1.062) -

Model 2 0.456 0.959 (0.859-1.071) -

TPO

Model 1 0.521 0.781 (0.367-1.66) —_——

Model 2 0.591 0.791 (0.336-1.862)

TgAb

Model 1 0.545 0.794 (0.375-1.679) I E—

Model 2 0.571 0.784 (0.337-1.822) | | | |
0 0.5 1 1.5 2

QOdds ratio

Fig.2 Multiple analyses between the thyroid function and poor out-
come at the 3-month follow-up in AE. Because of relatively small
numbers of outcomes, model 1 was adjusted for sex and age. Model
2 was adjusted for systolic blood pressure, disturbance of con-
sciousness, hemoglobin, total cholesterol, and neutrophil-to-lym-
phocyte ratio in addition to model 1. AE=autoimmune encephali-
tis; CI=confidence interval; fT3=free triiodothyronine; fT4="free
thyroxin; OR=odds ratio; TgAb=anti-thyroglobulin antibodies;
TPOADb = anti-thyroid peroxidase antibodies; TSH = thyrotropin

cell-surface should also be screened to make a differential
diagnosis.

Lin et al. reported that in patients with anti-NMDAR
encephalitis, the ATAbs-positive group had a higher occur-
rence of epileptic seizures and conscious disturbances, as
well as higher mRS scores [16]. However, our data showed
that clinical characteristics and prognosis of AE was almost
similar in both the ATAbs-positive and ATAbs-negative
groups. It is possible that such differences may be a con-
sequence of small sample size. Previous studies have also
speculated that the presence of ATAbs-positivity may not
be directly pathogenic and it may cause immune dysfunc-
tion in the brain by promoting cross-reaction with antibodies
against the cell-surface or synaptic proteins [3]. Interest-
ingly, although the difference was not statistically significant,

@ Springer

relapse was more common in patients with ATAbs-positivity
than in those with ATAbs-negativity. Thus, whether ATAbs-
positivity plays a role in the relapse of AE remains to be
explored.

The present study also focused on the thyroid function
profiles among AE patients. We found that AE patients had
lower fT3 and higher TSH levels as compared to the con-
trols. Previously, thyroid hormone abnormalities have been
observed in various medical conditions [7-9, 25]. Impor-
tantly, our data indicated that low fT3 levels upon admis-
sion were associated with relatively poor short-term func-
tional outcomes in AE patients, which was consistent with
prior reports related to the short-term prognostic value of
low fT3 in some diseases including encephalitis [9], stroke
[26], severe brain injury [8], and coronavirus infections 2019
[25]. However, we report for the first time that a significantly
down-regulated fT3 level was observed in AE, which sug-
gest that AE may trigger other immune pathways. One pos-
sible explanation may be that systemic inflammation can
reduce deiodinase activity thereby converting total thyroxine
to total triiodothyronine, leading to low T3 levels [25]. The
correlation of low fT3 and NLR in this study further sup-
ported the role of systemic inflammation although detailed
mechanisms remain to be elucidated. Further prospective
studies with a larger sample size are warranted to verify
the potential prognostic implications of the low fT3 in AE.
Additionally, anti-TSH receptor antibodies were not included
in the routine examination because all patients enrolled did
not have a history of any symptoms of hyperthyroidism
except of the two GD patients. The absence of data on anti-
TSH receptor antibodies could be considered as a weak-
ness of this study. However, it is not very essential for our
research, which has mainly presented the findings related to
autoimmunity in AE patients.

To date, the coexistence of AE and AITDs has been
described only rarely (Supplementary Table 2). Binks S et al.
indicated that patients with LGI1 and CASPR2 antibodies
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may often display coexisting AITDs (8/68 [11.8%] and 1/31
[3.2%], respectively) [27]. Zhao et al. demonstrated that
5.4% of patients with AE had HT [28], which is consist-
ent with our results (3.1%). Although our data showed that
the overall prognosis of patients with AE and AITDs was
favorable, the results have to be interpreted with great cau-
tion as the size of patients used was quite small. Importantly,
5 patients with AE were complicated with HT. The mecha-
nism of the two diseases coexist at the same time remains
unclear. Although these patients had symptoms of enceph-
alitis and elevated TPOADb, they should not be diagnosed
with HE according to the 2016 diagnostic criteria, which
suggested that AE should be considered in the presence of
neuronal antibodies [1]. It has been reported that TPOAb-
carriers are more likely to carry neuronal antibodies com-
pared to TPOAb-negative individuals [29]. The increased
TPOADb may reflect a subclinical HT and that the associated
neurologic syndrome is due to a completely unrelated etiol-
ogy [3]. Moreover, our study showed that in two patients,
GD onset was prior to AE onset. To our knowledge, only
four cases of coincident GD and AE have been reported pre-
viously [29-32]. Given the increased risk of concurrent GD
in patients with AE, it therefore suggested that, when GD
patients display symptomatic encephalopathy, a comprehen-
sive diagnostic evaluation should be strongly encouraged.

The relationship between AE and AITDs has been incom-
pletely understood so far. The coexistence of AE and AITDs
may result from genetic predisposition and/or different
immunological factors. Firstly, previous studies have shown
that HLA class II alleles can be associated with immune-
mediated conditions (including anti-NMDAR encephalitis,
anti-LGI1 encephalitis and GD) [30, 31]. Thus, genetic pre-
disposition may have played a significant role in the develop-
ment of both the diseases. In addition, T cells recently have
been suggested to play a vital role in immunopathogenic
mechanisms thus triggering both AE and AITDs [32, 33].
Therefore, it can be speculated that the T cells may con-
tribute to the coexistence of both AE and AITD by diverse
mechanisms. However, the detailed mechanisms underlying
the coexistence of AE and AITDs remain to be explored in
the future. Furthermore, in our cohort, three patients with
AE also have other autoimmune diseases, such as psoriasis,
systemic lupus erythematosus, and Sjogren’s syndrome. And
the prevalence of elevated ANA was significantly higher in
the ATAbs-positive AE group. The presence of ANA illus-
trates probably the autoimmune background, which may lead
to the development of AE.

There are some limitations in this study. First, the results
of this study should be interpreted cautiously due to its ret-
rospective design. Second, seven patients with both AITD
and AE were diagnosed in our study. Their CNS clinical
presentation was not different as compared to the patients
with AE only. The exact comparison of AE patients with

and without AITDs could not be carried out due to relatively
small number of patients with AITD and AE in this cohort.
Further studies are needed to clarify these important aspects.

Conclusions

In conclusion, a high rate of ATAbs-positivity was found in
AE, and AITDs may be comorbidities associated with AE.
Thus, ATAbs-positive and/or AITDs patients with symp-
tomatic encephalopathy should be informed about the pos-
sible diagnosis of AE. Furthermore, low fT3 was identified
as an independent predictor of poor short-term functional
outcomes for AE. The thyroid function profiles might thus
provide valuable information for carefully assessing the risk
of poor functional outcomes in AE patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10072-022-05932-0.
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