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Abstract
Background: Stress was reported to trigger and exacerbate a lot of autoimmune diseases. The underlying
mechanisms include disturbed hormone homeostasis, dysregulated immune function,
neuroin�ammation by macrophages and microglia, and so on. There have been case reports of stress-
induced anti-N-methyl-d-aspartate receptor (NMDAR) encephalitis (anti-NMDARE). To elucidate the
association between stress events and anti-NDMARE, we conducted a retrospective single-center cohort
study.

Materials and Methods: All severe anti-NMDARE patients admitted to neuro-intensive care unit (NICU) of
Nanfang Hospital between September 2013 and July 2020 were screened. The stress events within 1 year
before the onset were evaluated by a questionnaire survey using the Chinese Life Event Scale. The
demographic information, clinical features, laboratory results and prognosis were collected and
compared between patients with and without life stress events (LSE). Patients were further classi�ed
based on the existence of teratoma and herpes viruses in cerebrospinal �uid to investigate the
association between stress and anti-NMDARE.

Results: Of the 26 severe anti-NMDARE patients, 9 (34.6%) patients reported LSE. Among them, 5 (55.6%)
had family stress, 3 (33.3%) had work stress and 1 (11.1%) had both family and work stress. No
signi�cant differences were observed in disease severity upon admission, NICU stay time, mechanical
ventilation time or other laboratory results. The comorbid rate of teratoma and herpes virus was not
signi�cantly different between patients with and without LSE. However, 7 of the patients without
teratoma and herpes virus (7/17, 41.2%) experienced LSE before the disease onset. The prognosis of
patients with LSE was signi�cantly better than that of patients without LSE (P=0.023).

Conclusions: Up to 34.6% of severe anti-NMDARE patients had LSE within 1 year before the onset, which
might even be underestimated. This study suggested that stress might be another risk factor for anti-
NMDARE besides teratoma and herpes virus. Neurologists should pay attention to the stress of the
patients and provide psychological therapy to the patients.

Introduction
Anti-N-methyl-d-aspartate receptor (NMDAR) encephalitis (anti-NMDARE) was �rst reported in 2007. Since
then, it was widely reported in young women with ovarian teratomas [1]. It is now recognized as a neuro-
in�ammatory disease mediated by autoantibodies to the NMDAR GluN1 subunit. The antibodies cross-
link NMDAR, change its surface dynamics and interaction with other synaptic proteins, inhibit receptor
internalization, and lead to severe impairment of synaptic plasticity and NMDAR network function [2]. It is
well known that anti-NMDARE may be associated with teratoma and herpes virus infection [3], and also,
there are reports in the literature that stress can induce anti-NMDARE [4, 5].

Stress occurs when people’s needs exceed their psychosocial resources or adaptability. Some acute life
events, such as the death of relatives, long-term work challenges, can be a source of demand or stress [6].
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There is now a lot of convincing evidence that acute stress can stimulate plasma in�ammatory response.
Life stress events (LSE) have widely reported to be associated with the severity and progression of many
diseases, including depression, cardiovascular disease, human immunode�ciency virus /acquired
immunode�ciency syndrome infection, chronic obstructive pulmonary disease, breast cancer, asthma,
toxic diffuse goiter, and autoimmune diseases [7–15].

There has been a case reported that emotional stress-related factors induce anti-NMDARE [4]. To evaluate
the correlation between stress and severe anti-NMDARE, and to elucidate the clinical features of severe
anti-NMDARE with LSE, we conducted this retrospective single center cohort study.

Materials And Methods
Study design and participants

We screened all patients diagnosed with anti-NMDARE who were admitted to the neuro-intensive care unit
(NICU) of Nanfang Hospital, a university-a�liated academic hospital, between September 2013 and July
2020. The diagnostic criteria for anti-NMDARE were as follows: rapid onset (less than 3 months) of one
or more of the six major groups of symptoms, including abnormal (psychiatric) behavior or cognitive
dysfunction, speech dysfunction (pressured speech, verbal reduction, and mutism), seizures, movement
disorders (dyskinesias or rigidity/abnormal postures), decreased level of consciousness, and autonomic
dysfunction or central hypoventilation; the presence of anti-NMDAR antibodies in cerebrospinal �uid
(CSF); reasonable exclusion of other disorders [16]. Severe anti-NMDARE was de�ned as ful�lling one or
more of following criteria: respiratory failure requiring endotracheal intubation and/or mechanical
ventilation (MV); disturbance of consciousness; status epilepticus [17]. Exclusion criteria included:
secondary anti-NMDARE; history of psychological or psychiatric illness; loss to follow-up. 

A questionnaire survey about the patients was conducted on the family members upon admission and a
retrospective survey was conducted on the patients themselves after recovery using the Chinese Life
Event Scale (LES). LES was compiled by Yang et. al. according to China’s national conditions. There are a
total of 50 items, of which 48 are mainly family life items (28), work or study items (13) and social life
items (7). These are three common life events in our country. The other two blank items are �lled in by the
subjects according to their personal circumstances [18] . Each item got one point and the sum of the
scores was de�ned as LSE score. If a patient or family member reported a positive event within one year
before the onset of the disease, the patient was de�ned as LSE+.

This study was approved by the Ethics Committee of Nanfang Hospital, Southern Medical University.
Informed consent was waived by the review board because this study was observational and
retrospective, and all data were fully de-identi�ed.

Data collection 
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Electrical medical records were carefully reviewed to collect the patients’ information  including
demographic information, teratomas, Glasgow coma scale (GCS) score on admission, Acute Physiology
and Chronic Health Evaluation (APACHE) II score on admission, laboratory results, immunotherapy
protocol (steroids, intravenous immunoglobulins (IVIG), plasma exchange (PE)), LSE scores, length of
NICU stay, duration of MV, and the modi�ed Rankin Scale (mRS) score of 6-month after discharge.
Information on functional status after discharge was obtained through telephone interview or clinic
interview by a trained neurologist blinded to the study data. We de�ned mRS≤2 as a good prognosis,
while mRS ≥3 as a poor prognosis.

Statistical analysis

Student’s t-test was used to compare data for continuous variables. Mann-Whitney and Chi-Squared tests
were used to compare data for non-continuous and categorical variables between the two groups. A p-
value < 0.05 was considered statistically signi�cant. SPSS statistical software v.22 was used for the
statistically analysis.

Results
Of 29 patients screened for eligibility, 26 ful�lled the inclusion and exclusion criteria (Fig. 1). In this
cohort, 9 patients (9/26, 34.6%) were reported to have experienced LSE within one year before the disease
onset. In the LSE+ group, 5 patients reported family stress (55.6%), 3 patients reported work stress
(33.3%) and 1 patient reported stress from both family and work (11.1%). Seven patients (77.8%) had an
LSE score of 1, one patient (11.1%) had a score of 2, and one patient (11.1%) had a score of 3.

The clinical characteristics were compared between the patients with and without LSE (Table 1). There
were no signi�cant differences between the two groups in terms of demographic characteristics, APACHE
II score, GCS score, teratoma incidence, NICU stay, mechanical ventilation time and laboratory results of
complete blood count (CBC) and CSF results. One LSE+ patient had an extremely long NICU stay [19], and
she was excluded from the analysis of NICU stay and MV time to avoid bias.  

The association between teratomas, herpes virus and LSE was shown in Table 2. There was no
signi�cant difference in the incidence of teratoma between the two groups (P=0.357), though the
proportion seemed lower in LSE+ group (1/9, 11.1%) than that (6/17, 35.3%) in LSE- group. And also, the
comorbidities of herpes virus detection revealed no signi�cant difference between the two groups
(P=1.000). Comorbidities of teratomas or herpes virus revealed no signi�cant difference between the two
groups (P=0.418). It is worth noting that among patients without teratoma and herpes virus, 7 (7/17,
41.2%) had LSE.

All the patients received �rst-line treatment, including teratoma resection if exists, steroids, IVIG, and PE.
There was no signi�cant difference in treatment strategies between the two groups. During follow-up, 18
patients (18/26, 69.2%) achieved a good prognosis. In the LSE+ group, all patients (100%) achieved a
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good prognosis, while only 52.9% of LSE- patients achieved a good prognosis. The prognosis of LSE+
patients was signi�cantly better than that of patients without LSE (P=0.023). 

Discussion
In this retrospective cohort study, we found that in severe anti-NMDARE patients, as high as 34.6%
patients had experienced LSE within one year before the disease onset. Since some patients could not
provide information by themselves, this incidence could still be underestimated. Patients with LSE
seemed to achieve a better prognosis than those without LSE.

Stress has been reported to trigger and exacerbate a lot of autoimmune diseases, such as rheumatoid
arthritis, systemic lupus erythematosus, in�ammatory bowel disease, multiple sclerosis, Graves’ disease
as well as other autoimmune conditions [20]. And also patients with stress-related disorders were at
increased risk of autoimmune disease [20, 21]. A large number of studies have tried to elucidate the
underlying mechanisms of stress and various autoimmune diseases. The suggested hypotheses included
disturbed homeostasis, neuroin�ammation by macrophages and microglia, and evoked humoral immune
response [20, 22].

Rare studies have reported the association between stress and anti-NMDARE, and the mechanism was
still unclear [5, 23, 24]. Obi CA and their colleagues suggested that emotional stress triggered immune
dysregulation, which ultimately resulted in anti-NMDARE [4]. The other suggested mechanism was the
preexisting anti-NMDAR antibody in the peripheral blood [25, 26]. Under some stress inducers, the integrity
of blood-brain barrier (BBB) was disrupted and the antibody was passed through the barrier, causing the
disease [5]. In animal models, restraint stress mediates time-dependent alterations in the permeability of
the BBB [27]. Acute psychosocial stress also has proin�ammatory effects mediated by activation of mast
cells and is associated with BBB opening [28]. Maladaptation of the BBB to persisting and/or severe
stressors may contribute to detrimental health outcomes [29]. In this study, we found that as high as
34.6% of severe anti-NMDARE patients reported LSE before the disease onset, which could still be
underestimated. We have no idea whether the disease was attributed to the stress induced immune-
dysregulation or stress induced BBB leakage with preexisting serum antibody. However, we did �nd an
association between stress and severe anti-NMDARE clinically, and more research was warranted to
investigate the exact mechanism.

There was no signi�cant difference in the comorbidities of teratoma and herpes virus between LSE + and
LSE- groups. Nevertheless, 41.2% of the patients without teratoma and herpes virus experienced LSE
before disease onset, which indicated that stress might be another risk factor for anti-NMDARE besides
teratomas and herpes virus. For anti-NMDARE patients, psychological therapy and stress management
should be considered to prevent stress-induced immune dysregulation, as this might help prevent relapse.

Another interesting phenomenon in this study was that patients with LSE revealed a better prognosis
although there was no signi�cant difference in disease severity at admission. The underlying reasons
were unclear. The relatively low incidence of teratoma in the LSE + group was a possible reason, avoiding
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with surgery damage. The second possible reason could be that for most patients, stress was
discontinued after the diseases since most patients were unconscious. Another possible reason was that
patients with poor prognosis could not provide LSE information by themselves, and the LSE survey was
conducted on their family members, which could cause bias. Therefore, this prognosis result should be
interpreted with caution and more studies are needed to elucidate the problem.

This study has some limitations. First, this is a single-center retrospective study with a very limited
sample size. Secondly, this study only focused on severe patients. Third, the stress assessment was
recalled by patients and/or family members, which might introduce bias. Due to all the limitations, some
results of the study should be interpreted with caution and more research is required.

Conclusions
In this study, we found that 34.6% of severe anti-NMDARE patients had stress events within one year
before the onset of the disease, which might be still underestimated. As high as 41.2% of the patients
without teratoma and herpes virus experienced LSE before the disease onset, which suggested that stress
might be another risk factor for anti-NMDARE in addition to teratomas and herpes virus. Neurologists
should pay attention to the stress events of anti-NMDARE patients, and psychological therapy should be
considered during maintenance therapy.
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Tables
Table 1 The clinical features of the patients



Page 10/12

LSE+

(n=9)

LSE-

  (n=17)

p

Gender (female), n (%) 6 (66.7%) 12 (70.6%) 1.0c

Age (years), mean±SD  28.67±11.09 26.35±10.40 0.603 a

*Time of NICU stay (days), median (IQR) 23.5 (0.75,
36.25)

25 (7.5, 68.5) 0.771 b

*Mechanical ventilation time (hours), median
(IQR)

26 (0,336) 17 (0,432) 0.734 b

6-month mRS≤2, n (%) 9 (100% 9 (52.9%) 0.023 c

Teratoma, n (%) 1 (11.1%) 6 (35.3%) 0.357 c

First-line therapy, n (%)      

Steroids 7 (77.7%) 11 (64.7%) 0.667 c

IVIG 7 (77.7%) 16 (94.1%)  0.268 c 

PE 7 (77.7%) 14 (82.4%) 1.0 C

CSF results      

WBC (cells/μL), median (IQR) 2 (0, 36.5) 4 (0, 45) 0.442 b

Total protein (g/L), median (IQR) 0.21 (0.15, 0.28) 0.23 (0.17,
0.295)

0.787 b

Glucose (mmol/L), median (IQR) 3.43 (3.01, 4.22) 3.9 (3.60, 4.39) 0.235 b

CSF herpes virus detection, n (%)  1 (11.1%) 2 (11.8%) 1.0 c 

CBC results      

WBC (G/L), mean±SD 10.4±3.57 10.0±3.82 0.800 a

Lymphocytes (G/L), mean±SD 1.39±0.52 1.53±0.77 0.621 a

Neutrophils (G/L), mean±SD 8.37±3.25 7.62±4.06 0.639 a

a, Student’s t-test; b, Mann-Whitney test; c: Chi-square test.

* Exclude one patient for her extremely long hospital stay and NICU stay.

Abbreviations: CBC, complete blood count; CSF, cerebrospinal �uid; IQR, interquartile range; IVIG,
intravenous immunoglobulins; LSE, life stress events; mRS, modi�ed Rankin Scale; PE, plasma exchange;
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WBC, white blood cell.

 

Table 2: The association between teratomas, CSF herpes virus and LSE in the patients

LSE, n P*

Yes No

Teratomas Yes 1 6 0.357 

No 8 11

CSF herpes virus Yes 1 2 1.000 

No 8 15

Teratomas or CSF herpes virus Yes 2 7 0.418

No 7 10

*, Chi-square test;

Abbreviations: CSF, cerebrospinal �uid; LSE, life stress events.

Figures
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Figure 1

Flow chart of enrolled patients. anti-NMDARE, anti-N-methyl-d-aspartate receptor encephalitis; NICU,
neuro-intensive care unit.


