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Abstract
Background A variety of psychiatric syndromes are associated with NMDAR autoantibodies; however, their clinical rel-
evance when only present in the serum is unclear. We explored whether patients with CSF NMDAR autoantibodies could 
be distinguished from patients with serum-only NMDAR autoantibodies.
Methods The electronic databases MEDLINE, EMBASE, PubMed, and PsycINFO were searched. Articles reporting adult 
patients with isolated psychiatric features and positive for NMDAR autoantibodies with relevant investigations were included. 
Patient level meta-analysis compared patients positive for CSF NMDAR autoantibodies with patients positive for serum 
NMDAR autoantibodies, but negative for CSF NMDAR autoantibodies. Dichotomous data were analysed using crude odds 
ratios (OR), whilst continuous data were analysed using Mann–Whitney Test (U). The protocol was prospectively registered 
(CRD42018082210).
Results Of 4413 publications, 42 were included, reporting 79 patients. Median age was 34 years (IQR 19 years); 56% (45/79) 
were female and 24% (16/68) had a tumour. In total, 41 patients were positive for CSF autoantibodies and 20 were positive 
for serum-only autoantibodies. Patients with CSF autoantibodies were significantly more likely to be female (p < 0.001) and 
have a rapid (< 3 month) onset of symptoms (p = 0.02) than patients with serum-only autoantibodies. They were also more 
likely to present with psychosis (p < 0.001), exhibit EEG (p = 0.006), MRI (p = 0.002), and CSF (p = 0.001) abnormalities, 
but less likely to present with insomnia (p = 0.04).
Conclusions Patients with an isolated psychiatric syndrome with CSF NMDAR autoantibodies can potentially be distin-
guished from those with serum-only NMDAR autoantibodies based on clinicodemographic and investigation findings.

Keywords Antineuronal antibodies · Autoimmune psychosis · Autoimmune encephalitis · Meta-analysis · NMDAR · 
Psychosis

Introduction

NMDAR-antibody encephalitis (NMDARE) is a serious 
yet potentially reversible autoimmune neuropsychiatric dis-
order associated with IgG autoantibodies against the NR1 
subunit of the N-methyl-D-aspartate receptor (NMDAR) [8]. 
It predominantly affects young female adults, and around 
20% of cases are associated with ovarian teratomas [38]. 

The clinical syndrome is multi-stage, with an initial pro-
dromal phase followed by prominent psychiatric symptoms, 
cognitive impairment, movement disorders, seizures, and 
in severe cases reduced consciousness and hypoventila-
tion [7]. According to international consensus criteria [11], 
a diagnosis of definite NMDARE requires the rapid onset 
(< 3 months) of one, or more major groups of symptoms 
coinciding with detection of IgG GluN1 autoantibodies in 
the cerebrospinal fluid (CSF). Observational evidence indi-
cates that early treatment with immunotherapy is associated 
with significantly improved clinical and functional outcomes 
[38].

Among patients fulfilling the diagnosis of NMDARE, 
4–5% have an isolated psychiatric syndrome [1, 18] usually 
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encompassing features of psychosis, mood disorders, and 
catatonia [1]. This has prompted psychiatrists to explore 
whether a proportion of patients with a primary psychiatric 
diagnosis may have an NMDAR-antibody mediated disor-
der. Observational studies of patients with a primary psychi-
atric diagnosis have identified NMDAR autoantibodies in 
the serum of a subgroup of patients [2, 43]; however, these 
patients have been found to be clinically indistinguishable 
from those who are antibody-negative [21], and antibody 
prevalence rates may be similar to the general population 
[6, 10].

Definite diagnosis of NMDARE relies heavily on the 
detection of CSF NMDAR autoantibodies. As awareness of 
the disorder being closely associated with psychiatric symp-
toms has increased, CSF and serum testing among patients 
with a purely psychiatric syndrome is increasingly common-
place. Within a psychiatric context, antibody testing is over-
whelmingly performed on serum samples [5]. However, the 
clinical relevance of serum NMDAR autoantibodies without 
accompanying CSF NMDAR autoantibodies is unclear.

Using a systematic review and meta-analysis approach, 
we explored whether patients with an isolated psychiatric 
syndrome with serum-only NMDAR autoantibodies differed 
from patients with CSF NMDAR autoantibodies based on 
their clinical and investigation findings.

Methods

Search strategy and selection criteria

We adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines and reg-
istered the protocol on PROSPERO (CRD42018082210). 
The electronic databases MEDLINE, EMBASE, PubMed, 
and PsycINFO were searched for observational studies pub-
lished in English between January 2006 and May 2020 using 
the search terms: (antibod* OR auto-antibod* OR autoanti-
bod*) AND (N-methyl-D-aspartate or NMDA*). The data-
base search was supplemented by reviewing the references 
of included publications and consulting with experts in the 
field. We restricted studies to those which reported indi-
vidual patient-level data.

Inclusion criteria were: (i) a diagnosis of a psychiatric 
disorder, or presence of at least one psychiatric symptom as 
listed in the Brief Psychiatric Rating Scale [26]. This instru-
ment was chosen as it covers the breadth of psychopathology 
associated with NMDARE [1, 38], (ii) NMDAR-antibody 
positivity in the CSF and/or serum using any assay type, and 
(iii) investigation with structural MRI and an awake EEG, 
coinciding with antibody positivity. Whilst we were also 
interested in CSF findings (other than NMDAR-antibody 

status), we did not stipulate this as an inclusion criterion due 
to low anticipated rates among patients.

Exclusion criteria were (i) the presence of new neurologi-
cal or dysautonomic features, unless they could be accounted 
for by the psychiatric syndrome or medication. This criterion 
was applied to identify patients most likely to present to 
psychiatric services. In addition, (ii) patients under 18 years 
at the time of antibody detection were excluded based on 
the lower reported prevalence of psychiatric features [38] 
and difficulties in reliably assessing psychopathology in 
this group. Patients with additional autoantibodies were 
included, as were patients with a pre-existing neurological 
disorder.

Two authors (GB and MFL) screened the titles and 
abstracts of identified articles. Full articles of the remaining 
studies were reviewed to confirm eligibility. If more than 
one publication reported the same case, the more compre-
hensive was selected. Differences were resolved by a third 
author (TP).

Data collection and synthesis

A piloted standardised data-extraction form was used (see 
supplemental section Table 3 for a full list of variables col-
lected). Where data were missing, authors were contacted 
via email. The following variables were extracted (a) demo-
graphics, including sex and age; (b) antibody findings; (c) 
psychopathology; (d) symptom duration; (e) CSF, EEG, and 
MRI abnormalities; and (f) treatment and response. Rapid 
onset of symptoms was defined a priori as a duration of less 
than 3 months, at time of antibody detection, in line with 
established consensus criteria [11].

Psychopathology was appraised against the following 
broad symptom domains associated with NMDARE [1, 38]: 
psychosis, mood, catatonia, sleep, and cognitive impairment. 
Where a patient was assigned a psychiatric diagnosis, with-
out detailing the underlying psychiatric symptoms, psycho-
pathology was based upon the core features of that disor-
der, as defined by DSM-5 [3]. Investigation findings were 
classified as either normal or abnormal, with abnormalities 
further categorised. Risk of bias for each study was assessed 
using an 11-item tool adapted from the National Institute of 
Clinical Excellence [35], and PRISMA guidelines [15]. Each 
study was categorised as being at either low (> 8 points), 
medium (4–7 points), or high (< 4 points) risk of bias based 
on the total score.

Statistical analysis

Following initial summary statistics, patients with CSF 
NMDAR autoantibodies were compared to patients with 
serum-only NMDAR autoantibodies using a patient-level 
meta-analytic approach. Analysis was restricted to patients 
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who had undergone CSF antibody testing, to confirm the 
presence or absence of detectable CSF autoantibodies. 
The primary comparisons were demographic and clinical 
characteristics and investigation abnormalities. Secondary 
comparisons were treatment and clinical outcome, the later 
categorised as full, partial or no improvement. Due to the 
uncertainty regarding the pathogenic potential of non-IgG 
autoantibodies, a sensitivity analysis was performed with the 
analysis repeated and restricted to patients with confirmed 
IgG autoantibodies.

Crude odds ratios (OR) with 95% confidence inter-
vals (CI) were estimated for dichotomous variables. A 
Mann–Whitney U Test was performed for continuous vari-
ables. Significance level was p ≤ 0·05 for all analyses. Given 
the exploratory nature, multiple comparison correction was 
not performed. Missing observations were handled through 
pairwise deletion. Planned analyses were developed in col-
laboration with a senior statistician (BC). Statistical analysis 
and visualisation was performed using R (Version 4.0.3; R 
Core Team 2020).

Results

Literature search

A total of 4413 publications were identified through elec-
tronic databases using prespecified search terms and a 
further 13 via other sources. After screening the titles and 
abstracts, 517 publications were fully reviewed. A total of 
42 studies satisfied inclusion criteria, reporting a total of 
79 patients (see online supplemental Fig. 1 for PRISMA 
flowchart and see online supplemental Table 1 for references 

of included papers). Publication year ranged from 2011 to 
2020 and publication type were research papers (N = 35) and 
abstracts (N = 7). Studies were conducted across 17 coun-
tries; the most common were USA (N = 13), Japan (N = 4), 
UK (N = 3), Spain (N = 2), China (N = 2), and France (N = 2). 
The most frequent study designs were case reports (N = 25), 
case series (N = 7) and case–control (N = 6) studies, which 
accounted for 90% of studies (see supplemental Table 1 for 
study characteristics).

Risk‑of‑bias assessment

Most studies were retrospective single-centre case studies, 
or series. The majority did not prespecify outcomes, report 
consecutive cases, or stratify outcomes by confounders. 
Consequently, most studies were rated as being at high risk 
of bias (n = 32), with a minority at medium (n = 9) or low 
risk of bias (n = 2) (see supplemental section Table 2 for 
further details).

Antibody results

In total, 79 patients were identified with a median age of 
34 years (interquartile range 19 years), with 45 (57%) being 
female and 16/68 (24%) having a tumour reported. Of these, 
61 (77%) patients underwent CSF NMDAR-antibody test-
ing with 41(67%) found to be CSF antibody positive. Cell-
based assay (either live or fixed) was performed in all cases 
where assay type was reported (n = 48) and IgG autoanti-
bodies were detected in all cases where antibody class was 
reported (n = 25). Of the 61 patients who underwent serum 
NMDAR-antibody testing, 55/61 (90%) were seropositive. 
Cell-based assay was performed in all cases where assay 

Fig. 1  Overview of antibody detection. Only cases where CSF testing 
was performed and where NMDAR auto-antibody assays were posi-
tive in either CSF and/or serum were included in the meta-analysis. 

In 2 cases, it was unclear whether autoantibodies were detected in the 
serum and/or CSF
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type was reported (n = 50). Where serum antibody class 
was reported, 40/42 (95%) patients had IgG autoantibod-
ies detected. For CSF and serum NMDAR-antibody testing, 
very few cases reported the type of cell-based assay per-
formed (i.e., fixed or live cell-based).

A total of 32/79 (40%) patients underwent serum or CSF 
antibody testing and 45 (57%) patients underwent both (see 
Fig. 1 for overview of antibody detection). In two (3%) 
cases, it was unclear whether autoantibodies were present 
in the serum and/or CSF. Of patients who underwent both 
serum and CSF testing, 19/45 (42%) were antibody positive 
in CSF and serum, 6/45 (13%) were positive in CSF only, 
and 20/45 (44%) were positive in serum only. Subsequent 
analyses were restricted to the 61 patients who had under-
gone CSF antibody testing.

Provisional diagnosis and clinical characteristics

Figure 2 shows the provisional diagnosis of patients with 
CSF and serum-only NMDAR autoantibodies. Amongst 
patients with CSF NMDAR autoantibodies, the common-
est diagnosis was a relapse of NMDARE (10/41; 24%), fol-
lowed by psychosis (8/41; 20%). In patients with serum-only 
NMDAR autoantibodies, the commonest diagnosis was psy-
chosis (11/20; 55%).

Figure  3 and Table  1 compare the characteristics of 
patients with CSF and serum-only NMDAR autoantibod-
ies. CSF autoantibodies were significantly associated 
with being female (OR 5.1, 95% CI 2.6–9.9, p < 0.001) 
and a rapid onset of symptoms (OR 3.3, 95% CI 1.2–9.3, 
p = 0.02). Tumours identified in CSF-positive patients were 

Table 1  Summary demographics, clinical features, investigation findings, treatment, and outcome by NMDAR-antibody status

Unless specified, data are categorical with the proportion of patients identified as having the feature present (%) with p values calculated by 
likelihood ratio. Continuous data (†) with median and interquartile range with p values calculated by Mann–Whitney U test. aInsufficient data 
to calculate interquartile range. Improvement with immunotherapy defined as partial or full remission of symptoms. Comparison of relapse not 
performed due to absence of positive cases. Significance is denoted as follows: *p < 0.05, **p < 0.01,***p < 0.001. For full set of data, see Sup-
plementary Table 3.]

CSF or serum NMDAR-anti-
body positive (N = 79)

CSF NMDAR-antibody status confirmed (n = 61)

CSF positive (n = 41) Serum-only posi-
tive (n = 20)

P value

Age (median years)† 34 (19) 32 (21) 30 (15) 0.55
Symptom duration (weeks)† 12 (229) 4 (11) 260 (884) 0.03*
Diagnosis
 Psychiatric diagnosis 48/63 (76%) 15/28 (54%) 19/19 (100%) 0.11
 Neurological diagnosis 15/63(24%) 13/28 (46%) 0/19 (0%) 0.11
 Definite NMDARE 41/79 (52%) 41/41 (100%) 0/20 (0%) 0.05*

EEG
 Any abnormality 33/61 (54%) 25/41 (61%) 8/20 (40%) < 0.01**
 Generalised slowing 16/68 (24%) 9/30 (30%) 2/20 (10%) 0.06
 Focal slowing 12/68 (18%) 7/30 (23%) 3/20 (15%) 0.35
 Epileptiform activity 3/68 (4%) 1/30 (3%) 2/20 (10%) 0.46

CNS medication 34/58 (58%) 17/24 (71%) 11/17(65%) 0.54
MRI
 Any abnormality 21/61 (34%) 19/41 (54%) 2/20 (10%)  < 0.01**
 Hyperintensity 12/74 (16%) 8/36 (22%) 1/20 (5%) 0.16
 Temporal lobe hyperintensity 5/74 (7%) 4/36 (11%) 0/20 (0%) 0.45
 Atrophy 7/74 (9%) 2/36 (6) 0/20 (0%) 0.66

CSF
 Any abnormality 32/46 (67%) 25/31 (81%) 7/15 (47%)  < 0.01**
 Elevated protein 15/29 (52%) 8/18 (44%) 6/8 (75%) 0.14
 Oligoclonal bands 8/27 (30%) 4/14 (29%) 2/10 (20%) 0.63
 Pleocytosis 13/35 (37%) 10/18(56%) 1/15 (7%) 0.03*

Clinical improvement 63/66 (95%) 37/40 (93%) 18/18 (100%) 0.60
Follow-up (median years) 1.1(1.5) 1.3 (1.7) 0.9 (0.4) 0.48
Relapse 2/53(4%) 2/36 (6%) 0/11 (0%) 0.84
Received immunotherapy 44/65 (68%) 36/40 (90%) 4/17 (24%)  < 0.001***
Clinical improvement with immunotherapy 37/41 (90%) 31/33 (94%) 3/4 (75%) 0.38
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predominantly ovarian teratomas (n = 10). Adenocarcinoma 
of the colon (n = 1), phaeochromocytoma (n = 1), and neu-
roendocrine carcinoma (small cell tumour) and hepatocel-
lular carcinoma (n = 1) were also reported. For serum-only 
NMDAR patients, only one tumour (ovarian Sertoli–Leydig 
tumour) was identified. Patients with CSF autoantibodies 
had a median symptom duration of 4 weeks and 48% (19/40) 
had a rapid onset of symptoms (< 3 months), thereby meet-
ing criteria for definite NMDARE [11]. Patients with CSF 
NMDAR autoantibodies had a significantly shorter duration 
of symptoms than patients with serum NMDAR autoanti-
bodies (p = 0.03). Patients with CSF NMDAR autoanti-
bodies were significantly more likely to have psychotic 
symptoms (OR 3.7, 95% CI 1.8–7.8, p < 0.001) and were 
significantly less likely to have sleep symptoms (OR 0.4, 
95% CI 0.1–0.9, p = 0.04). There were no significant differ-
ences in the other symptom domains.

Investigations

Patients with CSF NMDAR autoantibodies were more likely 
to have EEG abnormalities (OR = 2.3, 95% CI 1.3–4.3, 
p = 0.006) compared to patients with serum-only NMDAR 
autoantibodies. They were also more likely to have MRI 
abnormalities (OR 7.8, 95% CI 2.2–28.0, p = 0.002). The 
commonest MRI abnormality in patients with CSF autoanti-
bodies was signal hyperintensity. Notably, in the only patient 
with serum-only NMDAR autoantibodies with hyperinten-
sities, these were reported as non-specific T2 white matter 

lesions, rather than a focal area of cortical hyperintensity. 
Finally, we compared the frequency of CSF abnormali-
ties (specifically, elevated protein, oligoclonal bands, and 
pleocytosis). Patients with CSF NMDAR autoantibodies 
were more likely to have one or more CSF abnormalities 
(OR = 4.8, 95% CI 1.9–12.1, p = 0.001), and were specifi-
cally more likely to have pleocytosis (> 5 leucocytes/μl) 
(p = 0.03).

Treatment and outcome

Patients with CSF autoantibodies were more likely to receive 
immunotherapy compared to patients with serum-only 
NMDAR autoantibodies (p < 0.001). The commonest type 
of immunotherapy in patients with CSF autoantibodies was 
steroids (n = 31), followed by intravenous immunoglobulin 
(IVIG) therapy (n = 23). Median follow-up after immu-
notherapy in patients with CSF and serum-only NMDAR 
autoantibodies was 1.3 and 0.9 years, respectively, and did 
not differ significantly between groups (p = 0.48). There was 
no difference in response to immunotherapy, or likelihood 
of relapse between groups; however, only a small number of 
patients with serum-only NMDAR autoantibodies received 
immunotherapy (n = 4).

Fig. 2  Provisional diagnosis of patients with CSF- and serum-only NMDAR autoantibodies
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As part of a planned sensitivity analysis, we repeated the 
analysis restricted to patients with confirmed IgG autoanti-
bodies (n = 25). Significant associations with CSF NMDAR 
autoantibodies were unchanged, with the exception of rapid 

onset (p = 0.23), tumour (p = 0.14), and symptom duration 
(p = 0.09), which became non-significant.

Discussion

Through a systematic review and patient-level meta-analysis, 
we identified 79 patients with an isolated psychiatric syn-
drome associated with NMDAR autoantibodies who had 
undergone neurological investigation. Exploratory analysis 
revealed patients with CSF autoantibodies differed from 
those with serum-only autoantibodies on several demo-
graphic, clinical, and investigation finding variables.

With respect to demographic and clinical profile, patients 
with CSF NMDAR autoantibodies were more likely to be 
female and to have a rapid onset of symptoms. These clini-
cal characteristics are consistent with the epidemiology of 
NMDARE, a disorder based on CSF NMDAR-antibody 
detection [7]. In the largest observational study of NMDARE 
to date, 81% were female, and 38% had a tumour reported 
(most commonly an ovarian teratoma) [38], which was a 
similar proportion to the CSF antibody-positive group in 
this study. According to current consensus criteria, all of the 
patients we identified with CSF NMDAR autoantibodies met 
the criteria for definite NMDARE and 94% of those treated 
with immunotherapy showed an improvement.

Patients with CSF autoantibodies were similar to patients 
with serum-only NMDAR autoantibodies across several 
psychiatric domains; however, there were some differences. 
Notably, patients with CSF NMDAR autoantibodies were 
more likely to exhibit psychotic symptoms. The finding is 
consistent with a recent systematic review of patients with 
NMDARE, which identified a consistent and distinctive psy-
chopathology including psychotic symptoms [1].

In terms of investigation findings, patients with CSF 
autoantibodies were more likely to have EEG abnormalities. 
These were most commonly focal or generalised slowing, 
which are consistent with NMDARE [38]. Patients with CSF 
autoantibodies were also more likely to have additional CSF 
abnormalities, particularly elevated white cells (pleocytosis). 
Almost half of patients with serum-only NMDAR autoanti-
bodies had one or more CSF abnormalities, most commonly 
elevated protein. It has been hypothesised that the brain may 
act as an immunoprecipitator, leading autoantibodies to be 
undetectable in the CSF [9]. In these situations, disruption 
of the blood–brain barrier would be necessary to permit 
autoantibodies synthesised in the serum to transfer into the 
CSF and allow binding to NMDA receptors in the brain [31]. 
Further research measuring blood and CSF autoantibodies, 
alongside indices of blood–brain barrier integrity, are war-
ranted. In a naturalistic study of 124 patients with an iso-
lated psychotic syndrome who underwent CSF analysis, 18 
(14.6%) had intrathecal oligoclonal bands and 6 (4.8%) had 

Fig. 3  Forest plot of random-effects odds ratios (OR) and 95% confi-
dence intervals comparing patients with CSF NMDAR autoantibod-
ies to those with serum-only NMDAR autoantibodies according to 
a  clinical and demographic characteristics, b  psychiatric symptoms, 
and c investigation findings. CSF abnormalities were restricted to ele-
vated protein, oligoclonal bands, and pleocytosis
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pleocytosis [27]. Our meta-analysis found that a higher pro-
portion of patients with NMDAR autoantibodies had these 
abnormalities, including patients with serum-only NMDAR 
autoantibodies. This suggests that CNS immune activation 
may take place, in at least a subset of patients with detectable 
neuronal autoantibodies in serum only; however, it is beyond 
the scope of the study to infer causality. Also of clinical rel-
evance was the finding that patients with CSF autoantibodies 
were more likely to have EEG and MRI abnormalities than 
patients with serum-only NMDAR autoantibodies, with an 
unadjusted odds ratio of 2.3 and 7.8, respectively.

Most patients with CSF NMDAR autoantibodies who 
received immunotherapy improved and did not relapse 
during follow-up; however, outcome measures and follow-
up varied. This finding is consistent with evidence that 
NMDARE is responsive to prompt immunotherapy [38]. 
Intriguingly, three of the four patients with serum-only 
NMDAR autoantibodies treated with immunotherapy also 
improved and did not relapse (follow-up ranged between 
6 months and 2 years), in keeping with a small open-label 
trial [43]. However, the small number of patients, absence of 
blinding, and possible publication bias limit further interpre-
tation; randomised controlled trials are awaited with interest 
[22]. Interestingly, all the patients treated with antipsychot-
ics, in the absence of immunotherapy, also improved [4, 16, 
19, 24, 39–42]. This may reflect natural changes in symptom 
severity over time, or a response to antipsychotic medica-
tion. Antipsychotics are recognised to be immunomodu-
latory [34, 36], including having effects on the adaptive 
immune system [28]. Further research is indicated to explore 
whether these effects play a role in the treatment of anti-
body-associated psychiatric syndromes.

Previous studies of isolated psychiatric symptoms in 
patients with NMDAR autoantibodies have been largely lim-
ited to case reports or case series, and this is the first attempt 
to pool the existing literature using meta-analytic methods. 
There is robust evidence for the pathogenic potential of 
NMDAR autoantibodies when exposed to brain parenchyma 
at sufficient concentrations [16, 30]. Our study supports the 
consensus criteria that patients with new-onset psychiatric 
symptoms who are CSF positive for NMDAR autoantibod-
ies can be considered to have a monosymptomatic form 
of NMDARE. Similarities in the clinical characteristics, 
investigation findings and response to treatment, with more 
typical presentations of NMDARE support this assertion. 
Whilst we excluded patients who exhibited neurological or 
autonomic features, we note that some patients may have 
gone on to develop these in the absence of immunotherapy 
[14]. This may be particularly relevant in patients who had 
a previously been diagnosed with NMDARE, who may have 
been initiated on treatment more promptly given their medi-
cal history.

Unlike a CSF NMDAR-antibody positive result, the clini-
cal relevance of serum-only NMDAR-antibody positivity 
is less clear. The demographic and clinical characteristics 
were less comparable with NMDARE, and patients were 
less likely to exhibit the EEG, CSF, and MRI changes asso-
ciated with NMDARE, or encephalitis more generally. This 
is consistent with a recent large prospective study, in which 
patients with psychosis who were seropositive for NMDAR 
autoantibodies did not differ in response to antipsychotic 
medication compared to patients who were seronegative 
[33]. However, we did identify higher rates of CSF, EEG, 
and MRI abnormalities than would normally be expected in 
patients with a primary psychiatric diagnosis [25, 29, 37], 
suggesting that, at least in a subgroup, serum autoantibodies 
may be an epiphenomena of a biologically relevant underly-
ing process. However, a potential confounding factor is that 
patients who test positive for serum neuronal autoantibodies 
are more likely to under further investigations. Similarly, 
patients presenting with atypical symptoms or imaging find-
ings may prompt clinicians to test for autoantibodies.

Whilst some studies have suggested increased seropreva-
lence of NMDAR autoantibodies in patients with psychiat-
ric disorders [21, 32], this has not been consistently found 
[6, 10]. In a recent meta-analysis, the overall prevalence 
of NMDAR IgG antibody seropositivity was estimated 
to be less than 1% in patients with psychosis, and did not 
differ significantly compared to healthy individuals [5]. 
However, when restricted to studies using a live cell-based 
assay, the estimated prevalence increased to almost 3%, and 
patients were over four times more likely to be seroposi-
tive than healthy individuals, suggesting that assay type is 
an important mediator of antibody detection. Through 
sensitivity analyses, we were able to demonstrate that all 
our findings were robust when restricting to cases where 
NMDAR autoantibodies of IgG class was confirmed, except 
for the association between a postive CSF NMDAR-anti-
body result and rapid symptom onset, tumour presence and 
shorter symptom duration which became non-significant. 
However, due to very few cases reporting details of the assay 
performed, we were unable to explore the influence of assay 
type.

From a clinical perspective, the meta-analysis highlights 
the value of neurological investigation in patients present-
ing with psychiatric symptoms and NMDAR-antibody sero-
positivity. This is particularly relevant, given that routine 
screening for serum NMDAR autoantibodies is increasingly 
recommended in first-episode psychosis [12]. Lumbar punc-
ture can confirm (or exclude) NMDARE, which is particu-
larly important due to the association between prompt use 
of immunotherapy and outcome [38]. Furthermore, findings 
in this highly enriched sample of cases suggest that EEG 
and MRI are informative and carry the advantages of being 
non-invasive and well tolerated. Should these investigations 
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detect a potentially relevant abnormality, the index of sus-
picion for autoimmune encephalitis should be raised. Given 
the current lack of availability of lumbar puncture facilities 
in most mental healthcare settings, further research using 
prospective methods is urgently needed to investigate the 
feasibility of developing a clinical tool that captures the 
complex psychopathology associated with NMDAR-anti-
body mediated disorders. In addition, alternative biomark-
ers that do not require CSF sampling, such as neurofilament 
light chain, may have clinical utility in identifying patients 
with NMDARE[13]. Such approaches would help clinicians 
identify which patients are in greatest need of CSF antibody 
testing [1].

Several limitations of the current study should be 
acknowledged. First, case reports and case series, which 
constituted the bulk of included studies, are generally con-
sidered low levels of evidence and may report novel or atypi-
cal presentations. Second, there is likely to be a degree of 
reporting bias, leading to patients with absent CSF NMDAR 
antibodies to be underreported in the literature as they do 
not meet criteria for NMDARE [11]. Third, there was a large 
degree of heterogeneity in detail; such as the granularity of 
psychopathology. We were partially able to address this by 
contacting authors. Nevertheless, there is likely to have been 
underreporting of clinical and investigation findings, high-
lighting the need for further research adopting a prospective 
design, so that patients are phenotyped in a standardised 
way. This is particularly relevant with regards the assay used, 
which vary in sensitivity to detect NMDAR autoantibod-
ies [5]. Fourth, due to the reliance upon case report and 
case series, it is not possible to generate estimates of overall 
prevalence, or incidence. Future research in a larger sample 
with an appropriate patient control group (i.e., NMDAR-
antibody negative) is recommended. Fifth, due to the inter-
val from symptom onset to antibody testing among some 
patients, it is plausible that a proportion of cases categorised 
as serum-only NMDAR-antibody positive may have been 
CSF positive at an earlier stage. Sixth, few studies reported 
the titre of autoantibodies detected, which has been shown 
to relate to pathogenic potential [16, 17]. It is important to 
acknowledge that NMDARE with purely isolated psychi-
atric syndrome with CSF NMDAR autoantibodies is rare. 
Of the cases we identified, almost a quarter were a relapse. 
Finally, it is not possible to know how many of the included 
patients would have developed neurological or autonomic 
features associated with NMDAR-antibody encephalitis 
without immunotherapy. This may be particularly relevant 
to patients with CSF autoantibodies, who were more likely 
to undergo antibody testing sooner.

In conclusion, there is increasing recognition of psychiat-
ric syndromes associated with neuronal autoantibodies, with 
important treatment implications. We found that patients 
with CSF NMDAR autoantibodies were clinically distinct 

from those with serum-only NMDAR autoantibodies based 
on their demographic and clinical characteristics. EEG and 
MRI were able to assist the differentiation. Patients with 
new-onset psychiatric syndromes are likely to be under the 
care of mental health services, and psychiatrists increasingly 
face the dilemma of whether to perform antibody screening. 
This meta-analysis supports existing evidence that a propor-
tion of patients with new-onset psychiatric symptoms have 
NMDARE. Rapid onset of symptoms, female sex, and psy-
chotic symptoms should raise the index of suspicion. CSF 
analysis is the definitive investigation to confirm the diagno-
sis; however, where lumbar puncture is not immediately fea-
sible, our study suggests that EEG and MRI are informative.
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