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Abstract
Objectives
To estimate the incidence of anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis.

Methods
We conducted a retrospective cohort study of >10 million person-years of observation from
members of Kaiser Permanente Southern California, 2011–2022. The electronic health record
of individuals with text-string mention of NMDA and encephalitis were reviewed to identify
persons who met diagnostic criteria for anti-NMDAR encephalitis. Age-standardized and sex-
standardized incidences stratified by race and ethnicity were estimated according to the 2020
US Census population.

Results
We identified 70 patients who met diagnostic criteria for anti-NMDAR encephalitis. The
median age at onset was 23.7 years (IQR = 14.2–31.0 years), and 45 (64%) were female
patients. The age-standardized and sex-standardized incidence of anti-NMDAR encephalitis
per 1 million person-years was significantly higher in Black (2.94, 95% CI 1.27–4.61), Hispanic
(2.17, 95% CI 1.51–2.83), and Asian/Pacific Island persons (2.02, 95% CI 0.77–3.28) com-
pared withWhite persons (0.40, 95% CI 0.08–0.72). Ovarian teratomas were found in 58.3% of
Black female individuals and 10%–28.6% in other groups.

Discussion
Anti-NMDA receptor encephalitis disproportionately affected Black, Hispanic, or Asian/Pacific
Island persons. Ovarian teratomas were a particularly common trigger in Black female indi-
viduals. Future research should seek to identify environmental and biological risk factors that
disproportionately affect minoritized individuals residing in the United States.

Introduction
Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a rare subacute, rapidly pro-
gressive autoimmune encephalitis that can result in severe permanent neurologic deficits or
death. Prior case-only, referral center–based studies1-3 describe a preponderance of anti-
NMDAR encephalitis in female individuals, young adults, a strong association with ovarian
teratomas, and rarely, with herpes simplex virus (HSV) encephalitis. The only multiethnic
referral center–based cohort was composed of 32.1% White patients,2 suggesting racial and
ethnic disparities in anti-NMDAR encephalitis, but this was not investigated further.
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The crude incidence of anti-NMDAR encephalitis in the
Netherlands is estimated at 1 per million.4 No prior studies have
examined potential variation by race and ethnicity. The purpose
of this study was to estimate the incidence of anti-NMDAR
encephalitis in a large multiethnic, population-based cohort and
determine whether it varies by race and ethnicity, sex, or age.

Methods
We conducted a retrospective cohort study using Kaiser
Permanente Southern California’s (KPSC) complete elec-
tronic health records (EHR), which include all inpatient and
outpatient encounters, laboratory and imaging tests, di-
agnoses, medications, and demographic characteristics. KPSC
provides comprehensive health care to >4.8 million members,
representing approximately 20% of the general population in
Southern California. The sociodemographic characteristics of
KPSCmembers are representative of the underlying population.5,6

Potentially incident cases were identified using a text-string
search for NMDA and encephalitis mentioned in the same
encounter between January 1, 2011, and December 31, 2022
(n = 803, eFigure 1). The EHR was abstracted to confirm
patients met diagnostic criteria for definite (positive CSF
antibodies, n = 67) or probable (n = 3, missing CSF results)
anti-NMDAR encephalitis.1,7

Race and ethnicity, surrogates for structural racism,8 were
obtained from record review (cases only) and the EHR. We
categorized race and ethnicity as White (non-Hispanic
White), Hispanic (White, Hispanic), Black (regardless of
ethnicity), Asian or Pacific Islander (PI), other or multiple
races/ethnicities, and unknown because of missing in-
formation (0% of cases).

Standard Protocol Approvals, Registrations,
and Patient Consents
The institutional review board at (KPSC) approved this
study. Informed consent was waived because there was no
direct patient contact.

Statistical Analyses
Incidence rates (IRs) were calculated by dividing the number
of newly diagnosed cases in the group by the sum of person-
years contributed by each member of that group. Confidence
intervals (CIs) for IRs and incidence risk ratios (IRR) were
calculated using Poisson regression. Age-adjusted and sex-
adjusted (male, female) standardized incidence rates were
calculated according to the 2020 US Census population.
Annual variations in IRs were examined tominimize detection
bias (2009–2022, eTable 1). The mean values and SDs of
normally distributed variables were compared using 2-sample
t tests; for binary or categorical variables, the χ2 test with
Fisher exact test was used. All analyses were conducted using
SAS software version 9.4 (SAS Institute Inc., Cary, NC).
Sensitivity analyses excluding probable cases were performed.

Data Availability
Due to the KPSC institutional review board, data will be
available upon reasonable request.

Results
Demographic and Clinical Characteristics
The clinical and demographic characteristics of individuals
newly diagnosed with anti-NMDAR encephalitis stratified by
race and ethnicity are summarized in Table 1. The median age
at diagnosis was 23.8 years (range 2.5–68.2 years), and 45
(64%) were female patients. The median time from symptom
onset to clinical diagnosis was 17 days (IQR 9–26 days) and
was significantly longer in male patients compared with fe-
male individuals (23 vs 14 days, p = 0.006) but did not differ
significantly between racial/ethnic or age groups (eTable 2).
CSF pleocytosis (70%) and abnormal EEG (73%) were
common, but abnormal brain MRI (n = 28, 40%) less so.

Ovarian teratomas were found in 21 female patients (median
age = 24.5 years, range 9.1–42.2) and a mediastinal teratoma
in 1 Black male patient. Ovarian teratomas were significantly
more common in Black female patients compared with other
racial/ethnic groups, accounting for two-thirds of Black pa-
tients with anti-NMDARencephalitis.HSVencephalitis preceded
the onset of anti-NMDAR encephalitis in 3 patients by 1.3, 1.7,
and 12.5 months. Most of the patients (n = 43, 61.4%) had no
identifiable trigger, particularly those younger than 13 years (n =
12, 81.3%) compared with other age groups (n = 26, 59.1% ≥
13–40 years; n = 4, 40.0% > 40 years, p = 0.012; eTable 2).

Incidence
The age-adjusted and sex-adjusted standardized incidence
rates of anti-NMDAR encephalitis were higher in Black,
Asian/PI, and Hispanic individuals than White persons
(Figure). The risk of anti-NMDAR encephalitis was 7.01
(95% CI 2.63–18.70; p < 0.0001) higher in Black, 4.36 (95%
CI 1.58–12.00; p = 0.0044) higher in Asian/PI, and 4.28 (95%
CI 1.82–10.11, p = 0.0009) higher in Hispanic individuals
compared with that in White persons (reference group). The
age-standardized incidence rate was significantly higher
among Black (IRR = 16.28, 95% CI 3.57–74.32, p = 0.0003),
Asian/PI (IRR = 9.73, 95% CI 2.06–45.82, p = 0.0040), and
Hispanic (IRR = 7.21, 95% CI 1.70–30.48, p = 0.0073) in-
dividuals compared with White female patients (reference
group). Age-standardized incidence was similar between
Black, Asian/PI, and White male patients but higher in His-
panic (IRR = 2.86, 95% CI 0.95–8.56, p = 0.0609) than White
male patients (reference group), although this finding did not
reach statistical significance. After considering the racial/
ethnic distribution of the US population, we estimate that
approximately 400 individuals will be newly diagnosed with
anti-NMDAR encephalitis per year in the United States
(Table 2). Analyses excluding probable cases yielded similar
results (eTable 3).
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Discussion
That Black, Asian, and Hispanic individuals have 7- to 4-fold
higher incidence of anti-NMDAR encephalitis than White
individuals is a novel finding. Presence of antibodies against
the NMDAR in CSF is pathologic and establishes the

diagnosis in symptomatic patients.1 Yet, reliable estimates of
incidence exist are challenging to generate because the disease
is very rare, relatively new, and case identification in large
populations is challenging without a specific ICD code. The
only existing reliable estimate reported a crude estimate of
1.00/million although with confidence limits (0.62–1.59) that

Table 1 Clinical and Demographic Characteristics of Persons With Incident Anti-NMDAR Encephalitis Race/Ethnicity

White Hispanic Black Asian/PI Total p Value

n = 6 n = 42 n = 12 n = 10 n = 70

Age at diagnosis, y, median (IQR) 31.2 (24.8–37.6) 19.6 (11.6–28.1) 28.1 (23.8–42.1) 27.7 (11.7–29.5) 23.8 (14.3–31.0) 0.01

<13, n (%) 0 (0) 13 (31.0) 0 (0) 3 (30.0) 16 (22.9) 0.07

≥13–40, n (%) 5 (83.3) 24 (57.1) 8 (66.7) 7 (70.0) 44 (62.9)

>40, n (%) 1 (16.7) 5 (11.9) 4 (33.3) 0 (0) 10 (14.3)

Time from symptom onset to
diagnosis, d, median (IQR)

30.5 (9.0–59.0) 17.5 (11.0–25.0) 15.5 (7.0–22.0) 12.0 (6.0–23.0) 17.0 (9.0–26.0) 0.43

Female, n (%) 2 (33.3) 25 (59.5) 10 (83.3) 8 (80.0) 45 (64.3) 0.13

Presenting symptoms, n (%)

Seizures 3 (50.0) 22 (52.4) 7 (58.3) 4 (40.0) 36 (51.4) 0.89

Psychobehavioral symptoms 6 (100.0) 41 (97.6) 12 (100) 9 (90.0) 68 (97.1) 0.44

Movement disorders 3 (50.0) 16 (38.1) 8 (66.7) 9 (90.0) 36 (51.4) 0.01

Sleep disturbances 1 (16.7) 21 (50.0) 3 (25.0) 3 (30.0) 28 (40.0) 0.25

Clinical triggers, n (%)

None 3 (50.0) 29 (69.0) 3 (25.0) 8 (80.0) 43 (61.4) 0.002

Teratoma/dermoid tumors 1 (16.7) 12 (28.6) 8 (66.7) 1 (10.0) 22 (31.4)

HSV infection 2 (33.3) 1 (2.4) 0 (0) 0 (0) 3 (4.3)

Other viral triggera 0 (0) 0 (0) 0 (0) 1 (10.0) 1 (1.4)

Other tumorb 0 (0) 0 (0) 1 (8.3) 0 (0) 1 (1.4)

CSF/serum antibody tests, n (%)

At least 1 positive 5 (83.3) 41 (97.6) 12 (100) 9 (90.0) 67 (95.7) 0.15

CSF not done/serum negative 1 (16.7) 1 (2.4) 0 (0.0) 1 (10.0) 3 (4.3)

CSF pleocytosis presentc, n (%) 3 (50.0) 29 (69.0) 9 (75.0) 8 (80.0) 49 (70.0) 0.71

MRI, n (%)

Normal 3 (50.0) 26 (61.9) 5 (41.7) 8 (80.0) 42 (60.0) 0.16

Abnormal, unilateral 0 (0) 4 (9.5) 2 (16.7) 2 (20.0) 8 (11.4)

Abnormal, bilateral 3 (50.00%) 12 (28.6) 5 (41.7) 0 (0) 20 (28.6)

EEGd, n (%)

Normal 4 (66.7) 9 (21.4) 2 (16.7) 1 (10.0) 16 (22.9) 0.03

Abnormal 1 (16.7) 31 (73.8) 10 (83.3) 9 (90.0) 51 (72.9)

Abbreviations: HSV = herpes simplex virus; IQR = interquartile range; NMDAR = N-methyl-D-aspartate receptor; PI = Pacific Islander.
a Patient had concomitant RSV infection at the same time of NMDAR onset.
b Lung mass in smoker who died before biopsy could be obtained.
c CSF testing was not performed in 1 White and 1 Black patient.
d EEG was not performed/report not found for 1 White patient and 2 Hispanic patients.
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overlap with the rate in White people in our study. While
another study attempted to estimate the incidence of auto-
immune encephalitides in White individuals, it was limited by
a small sample (;3.3 million person-years), a timeframe
(1995–2015) largely before the first description of anti-
NMDAR encephalitis (2007), and identified only 1 patient
with anti-NMDAR encephalitis.9

Consistent with prior studies, we found an association with
ovarian teratomas2 highest in Black patients10 and rarely in
young female patients2; rare association with HSV encepha-
litis; and high frequency of neuropsychiatric features, CSF
pleocytosis, abnormal EEGs, and normal brain MRIs2 at anti-
NMDAR encephalitis presentation. We found a lower female
preponderance in Hispanic individuals compared with Black

and Asian individuals in this study and compared with prior
studies in non-Hispanic populations.2,4

This study is limited by a relatively small number of cases,
particularly among White individuals and in the youngest and
oldest age groups, variation in timing and type of EEGs and
MRIs, lack of socioeconomic status data, and the inherent
challenges in lumping large groups of people with diverse
cultures and ancestral backgrounds into limited racial and
ethnic categories. Whether findings from California can be
extrapolated to other diverse populations is also unknown
and should be addressed in future studies. Strengths include
an exhaustive search strategy to identify cases, long study
period improving precision, and decreasing the possibility of
underdetection.

Table 2 Standardized Incidence Rates and Estimated Number of Newly Diagnosed Individuals With Anti-NMDAR
Encephalitis Annually in the United States by Race/Ethnicity

Race/
ethnicity

Cases with
anti-NMDAR
encephalitis

Active KPSC
member
person-years

Crude incidence
per 1,000,000 person-
years (95% CI)

Standardized incidence
per 1,000,000 person-
years (95% CI)a

US
population
in 2020b

Expected newly diagnosed
patients with anti-NMDAR
encephalitis annually

White 6 15,838,182 0.38 (0.08–0.68) 0.40 (0.08–0.72) 191,722,195 77

Hispanic 42 20,126,744 2.09 (1.46–2.72) 2.17 (1.51–2.83) 65,329,087 142

Black 12 4,074,294 2.95 (1.28–4.61) 2.94 (1.27–4.61) 39,944,624 117

Asian/Pacific
Islander

10 5,390,568 1.86 (0.71–3.01) 2.02 (0.77–3.28) 20,243,574 41

Totalc 70 45,429,789 1.54 (1.18–1.90) — 317,239,480 377

Abbreviations: KPSC = Kaiser Permanente Southern California; NMDAR = N-methyl-D-aspartate receptor.
a Standardized to the 2020 US Census and adjusted for age and sex.
b Per 2020 US Census.
c Includes persons with other/missing/unknown race and ethnicity.

Figure Incidence of Anti-NMDAR Encephalitis by Race/Ethnicity and Sex

This graph shows the annual incidence
rates (indicated by the number above
each bar) and 95% confidence intervals
of anti-NMDAR encephalitis standard-
ized by age and sex (total) or age alone
(female, male) to the 2020 US Census in
Black (in black), Asian/Pacific Islander (PI)
(in gray), Hispanic (in dots), and White
(in white) persons by sex. The overall in-
creased incidence of NMDAR in Black,
Asian/PI, and Hispanic individuals com-
pared withWhite individuals is driven by
a significantly higher incidence in Black
(4.84, 95% CI 1.81–7.86), Asian/PI (3.17,
95% CI 0.97–5.37), and Hispanic (2.51,
95% CI 1.52–3.49) female individuals
compared with White female individuals
(0.25, 95% CI 0.00–0.60). The age-stan-
dardized incidence was highest in His-
panic male individuals (1.85, 95% CI
0.97–2.73) and lowest in White male in-
dividuals (0.94, 95% CI 0.01–1.06), but
this difference did not reach statistical
significance.
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Our study raises interesting questions about why minoritized
individuals, particularly female individuals, in the United
States may be more prone to aberrant humoral (and cell-
mediated) immune responses. Current evidence suggests at
best a weak association with certain human leukocyte antigen
subtypes underscoring the importance of environmental fac-
tors in the development of anti-NMDAR encephalitis. In-
formed by the evidence in another autoimmune disease with a
similar racial/ethnic distribution,11 we speculate that racial/
ethnic disparity in anti-NMDAR encephalitis in the United
States may at least partly be attributable to the embodiment of
socioeconomic and environmental factors including poverty,
racial discrimination, substandard health care,8,12 and earlier
exposure and more vigorous responses to common childhood
infections.13,14 These factors and their potential influence on
immunologic dysregulation and epigenetic changes that could
predispose individuals to anti-NMDAR encephalitis should
be examined in future studies.
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