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Abstract
Background and Objectives
Stiff person syndrome spectrum disorder (SPSD) is a rare autoimmune disorder characterized by
progressive muscle stiffness and painful spasms with an estimated prevalence of 1–2 cases per
million people. Population-based epidemiologic studies are lacking because of both poor patient
capture and the lack of standardized diagnostic criteria. Objectives of this study were to describe
the incidence and prevalence of SPSD within the University of Colorado Health (UCH) system
and apply previously proposed published criteria for SPSD within this population.

Methods
We queried Health Data Compass, an electronic health data repository for a large academic
health care system, from 2012 through 2022 for all patients older than 18 years with In-
ternational Classification of Diseases, 10th Revision (ICD-10) codes pertaining to stiff person
syndrome. Records were reviewed for diagnostic confirmation. We calculated yearly and period
prevalence and incidence rates based on observable person-time exposure of our cohort. We
applied previously published Mayo Clinic and Johns Hopkins criteria for SPSD and compared
period prevalence based on each criterion and evaluated for agreement.

Results
Two hundred and seventy-three patients met the initial inclusion criteria using ICD-10 codes;
59 were confirmed to have SPSD. The mean age was 49.7 years (SD = 12.9), 59.3% were female,
59.3% were considered antibody positive. The total database population over the interval was
2,801,674 persons. The estimated prevalence of SPSD based on our UCH cohort was 2.11 (95%
CI 1.57–2.64) per 100,000 persons. The average yearly incidence was 0.35 per 100,000 person-
years (95% CI 0.27–0.46). Applying different clinical diagnostic criteria, the estimated prevalence
ranged from 1.36 (95% CI 0.93–1.79) to 1.82 (95% CI 1.32–2.32) per 100,000 persons.

Discussion
We describe a prevalence of SPSD of 2.11 per 100,000 persons in our UCH cohort. Prevalence
estimates differed depending on which clinical diagnostic criteria were applied and whether
possible SPSD cases were included. Using the most stringent criteria for diagnosis, we report
a prevalence of 1.36 per 100,000 persons. While our study uniquely captures many US de-
mographic groups, limitations remain because this is a retrospective review of a single system.
Additional studies are needed to determine whether these results are representative of a na-
tional or global population.
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Introduction
Stiff person syndrome (SPS) is a rare immune-mediated
neurologic disorder characterized by progressive muscle
stiffness and painful spasms, often occurring primarily in the
axial musculature. SPS was first described in 1956 in patients
with primarily truncal and proximal muscles affected.1 The
spectrum of disease has expanded, ranging from stiff limb
syndrome to a severe form known as progressive encephalo-
myelitis with rigidity and myoclonus (PERM)2 and other
neurologic manifestations collectively described as stiff person
spectrum disorder (SPSD).3 SPSD is most associated with
autoantibodies against glutamic acid decarboxylase, epitope
65 (GAD65),4-8 but other autoantibodies reported in similar
clinical phenotypes include those directed against glycine re-
ceptor α1 subunit (GlyR-α1),9-12 γ-aminobutyric acid-B recep-
tors,13 amphiphysin,14 gephyrin, and dipeptidyl peptidase-like
protein 6 (DPPX).15 Seronegative patients likely make up ap-
proximately 14%–20% of SPSD cases.16,17 The hypothesized
pathophysiology of SPSD suggests immune-mediated dysfunc-
tion of the γ-aminobutyric acid signaling, leading to motor
hyperactivity. An immune-mediated mechanism is further sup-
ported by patient response to immunomodulatory therapy, in-
cluding IV immunoglobulin (IVIg), plasma exchange (PLEX),
and/or rituximab.18

Despite advances, much remains unknown about SPSD.
Clinical diagnosis is based on a combination of clinical pre-
sentation, examination findings, and/or supportive serologic
and electrophysiologic testing. The lack of standardized cri-
teria, delay, and misdiagnosis are common. Authors from the
Mayo Clinic found that misdiagnosis was threefold more
common than the diagnosis of confirmed SPSD in 1 cohort.17

Both the Mayo Clinic17 and John Hopkins University19 have
proposed diagnostic criteria, but it is unclear in practice whether
these criteria are representative and sufficient for SPSD.

Owing to diagnostic challenges, evolving autoantibody asso-
ciations, and limited diagnostic criteria, the epidemiology of
SPSD is largely unknown. The disease’s prevalence is often
quoted as “one-in-a-million,” but accurate epidemiologic data
have been hard to obtain. This quote originated from an
estimated prevalence of 1 in 1,250,000 from a center in
Heidelberg, Germany, serving 2 to 3 million people, with 20
cases over 10 years, noted by Meinck and Thompson in
2002.20,21 The British Neurological Surveillance Unit identi-

fied 119 cases among the UK population over 5 years
(2000–2005), implying a prevalence of 1–2 cases per mil-
lion.22 In 2018, a United States–based study found a point
prevalence of 2.06 per million patients in a population of
patients evaluated within the United States Veterans Affairs
(VA) Health Administration.23 While this study was generally
close to the estimate of 1–2 per million, the study had various
limitations including population characteristics with poor
generalizability—population was predominantly male and
limited to GAD65 antibody positivity only—and methodo-
logical limitations of a lack of defined population inclusion
(i.e., denominator). A 2024 study used a taxonomic approach
to analyze Medicare claims data, reporting a diagnostic
prevalence as high as 3 in 100,000.24 A neurologist recorded
the diagnosis in a minority of cases, and a positive titer was
noted only by the International Classification of Diseases, 10th
Revision (ICD-10) code R76.0. Using taxonomic codes for
antibody titers limits the ability to delineate high versus low
titers. With current estimations limited by poor disease cap-
ture and previous study population characteristics with poor
generalizability, the incidence and prevalence of SPSD remain
unknown. In this study, we report the incidence and preva-
lence of SPSD using a unique data warehouse for a large US
health system in Colorado. Furthermore, we apply and
compare existing diagnostic criteria to evaluate their utility in
capturing the diverse phenotypes of SPSD and compare
agreement between criteria.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The Colorado Multiple Institutional Review Board approved
this study as exempt for secondary data use (COMIRB, #22-
1727). Our institutional ethical standards committee waived
informed consent, given the retrospective design.

Study Design
This retrospective study includes all adult patients (18 years
and older) who had any contact with the University of Col-
orado Health (UCH) system from January 1, 2012, to De-
cember 31, 2022. We queried Health Data Compass (HDC),
the data repository of the UCH, for electronic health records
(EHRs) to identify patients with ICD-10 codes for SPS or stiff
man syndrome (G25.82). Two neurologists (P.D.C. and

Glossary
CDPHE = Colorado Department of Public Health and Environment; DPPX = dipeptidyl peptidase-like protein 6; GAD65 =
glutamic acid decarboxylase 65-kilodalton isoform; EHR = electronic health record; GlyR-α1 = glycine receptor α1 subunit;
HDC = Health Data Compass; ICD-10 = International Classification of Diseases, 10th Revision; IVIg = IV immunoglobulin G;
LADA = latent autoimmune diabetes of adults; PERM = progressive encephalomyelitis with rigidity and myoclonus; PLEX =
plasma exchange; RIA = radioimmunoprecipitation assay; SPS = stiff person syndrome; SPSD = stiff person spectrum disorder;
UCH = University of Colorado Health; VA = Veterans Affairs.
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A.L.P.) reviewed records for diagnostic confirmation, with
a third autoimmune neurologist (E.A.M.) providing tie-
breaking adjudication. A subset of patients were evaluated and
treated by the authors, further substantiating a likely diagnosis
of SPSD. This included a clinical evaluation of 45 patients
(76.3% of the entire cohort) by A.L.P. Diagnostic confirma-
tion of SPSD was based on the inclusion criteria of cardinal
features of muscle stiffness and episodic muscle spasms,25

antibody positivity (criteria given further), and exclusion if
there was an alternative diagnosis. For antibody-negative
cases, there was need for additional supportive features of
SPSD including hyperstartle response, muscle spasms in-
duced by various triggers, additional cerebellar or brainstem
features, and exclusion of an alternative diagnosis after review
of red flags.17 Antibody-negative patients or those with low-
titer GAD65 with red flags were excluded to minimize the
inclusion of patients with misdiagnosis. Red flags used in our
exclusion criteria have been previously described and included
muscle stiffness and spasms not being a major symptom,
prominent muscle wasting and fasciculations, no documented
improvement with benzodiazepines, no objective improve-
ment with immunotherapy, chronic pain as the predominate
feature, functional neurologic signs, and absence of increased
tone noted on clinical examination.17 eTable 1 provides
clinical symptoms and red flags in our cohort.

Patients with a verified diagnosis of SPSD were defined as the
University of Colorado Health or “UCH” cohort. We applied
the proposed Mayo Clinic criteria17 definitions for probable
and definite SPSD and Johns Hopkins criteria19 for possible,
probable, and definite SPSD and compared their agreement
(Figure 1).

Antibody-positive SPSD cohort was defined as patients with
either serum GAD65 IgG >20 nmol/L (radioimmuno-
precipitation assay [RIA] atMayoClinic Laboratories), serum
GAD65 IgG >10,000 IU/mL (ELISA), CSF GAD65 IgG
positive, GlyR-α1 IgG positive (serum or CSF at Mayo Clinic
Laboratories), amphiphysin IgG positive (serum or CSF), or
DPPX IgG (serum or CSF) positive. For patients with more
than 1 laboratory assay for GAD65, Mayo Clinic Laboratories’
results determined high titer. Patients below the threshold of
high-titer cutoff for GAD65 and CSF negativity were con-
sidered “antibody negative.”

Data Source
We used the HDC, which captures EHRs from UCH; billing
data from participating provider groups; and additional struc-
tural data points from the Colorado All Payers ClaimDatabase,
the Colorado Department of Public Health and Environment
(CDPHE), and others. Patients in the UCH system have been
captured by this database since EHR integrationwith Epic, with
all sites contributing full data sets from 2011 onward.

Epidemiology Analysis
The study period was January 1, 2012, to December 31, 2022.
Period prevalence was calculated by dividing all patients

identified as having SPSD at any time during the period by the
total number of persons who had any contact with the health
system during the observation period. Patients were consid-
ered present in the system after their first recorded encounter
and until recorded death. Death data were obtained using the
EHR and integrated into Compass from CDPHE. 95% CIs
were calculated using either the Wald method for proportions
when the number of SPSD cases was 10 or greater or the exact
Clopper-Pearson method when the number of SPSD cases
was less than 10. The same method was applied to each cal-
endar year. Prevalence for the entire study period was sepa-
rately calculated for the different diagnostic criteria.
Proportions were expressed per 100,000 persons.

Incidence was calculated with Poisson count rate models, with
log link, log exposure time offset, and robust standard errors.
Counts were the number of newly diagnosed SPSD cases
within the study period. Exposure time was determined by
how long a person was in the system before SPSD diagnosis.
Patients with SPSD diagnosed on their first encounter were
not included because of zero exposure time. Diagnosis started
at the time of the first use of the SPS ICD-10 code (G25.82).
95% CIs were calculated with the Wald method. Incidence
was calculated for the entire study period and for each cal-
endar year. Incidences were expressed per 100,000 person-
years.

Additional Statistical Analysis
Summary statistics were obtained for SPSD patient de-
mographics, diagnostic criteria, disease characteristics,
comorbidities, antibody biomarkers, electrophysiology, and
medications. Mayo Clinic and Johns Hopkins criteria were
compared among the patients with SPSD with a 2-way fre-
quency table, the McNemar test, and a κ statistic. The κ
coefficient was used to measure agreement, with a κ of 1
indicating perfect agreement and a κ of 0 indicating agreement
equivalent to chance. Demographic statistics were reported
for the source patient population.

Additional data quality checks identified a small subset of
patients (n = 573) with implausible ages (>120 years) likely
because of unidentified individuals. We could not confirm
whether these individuals were duplicate records, so we re-
moved them from the total analysis. This did not affect the
incidence or prevalence calculations.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results
Summary of Patient Demographics
Based on our UCH cohort of 59 patients, the mean age of
patients was 49.7 years (SD = 12.9) and 59.3% were female.
81.4% self-identified as White, 8.5% Black, 1.2% American
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Indian or Alaskan Native, and 6.8% other. 91.5% self-reported
as non-Hispanic, Latino/a, or Spanish origin (Tables 1 and 2).

Antibody Status
In this UCH cohort, 59.3% (35/59) were considered anti-
body positive. Of patients who had antibody testing on the
RIA at Mayo Clinic Laboratories, 40.4% (23/57) were posi-
tive at >20 nmol/L. One patient was identified to have a high
titer (>10,000 IU/mL) on ELISA with a titer of 25,000 IU/
mL. Three additional patients had limited GAD65 testing
(i.e., laboratory testing limited to a titer of >250 IU/mL on
ELISA testing, without further testing to determine whether
values were either >20 nmol/L [RIA] or >10,000 IU/mL
[other ELISA methods]). These 3 patients did not meet cri-
teria for high-titer GAD65 and, therefore, were considered
“antibody negative.” Twenty-four patients were considered
“antibody-negative.” Fifteen of these patients had low-titer
GAD65 accounting for 62.5% of what we considered our
“antibody-negative” population. Nine patients were true se-
ronegative, when accounting for low-titer GAD65 antibodies
(thus a true seronegative rate of 15.3%). Low-titer GAD65
was considered only at the time of diagnosis and not counted
if this was positive after IVIg. Of patients who were tested for
GlyR-α1 IgG, 31.3% (10/32) were positive in the serum.
GlyR-α1 IgG testing was not commercially available until
2020. Some patients who were GlyR-α1 IgG positive were
identified starting in 2017 through research testing available
per special request (Mayo Clinic Laboratories). One of 48
(2.1%) was amphiphysin IgG positive (in both serum and

CSF). Owing to reports of SPSD-like presentations in DPPX
autoimmunity, we assessed for this antibody in our cohort, but
no cases were identified.

CSF Analysis
Lumbar puncture was completed in 67.8% (40/49) of our
cohort. Elevated CSF protein (>45 mg/dL) was the most
common finding in 30.8% (12/39), followed by the presence of
CSF-restricted oligoclonal bands in 21.6% (8/37), a pleocy-
tosis (>5 white blood cells/μL) in 12.8% (5/39), and an ele-
vated IgG index (>0.66) in 5.9% (2/34). Of those who were
tested, 30.8% (8/26) were GAD65 antibody positive in the
CSF. Of 9 tested, none had GlyR-α1 antibodies in the CSF.

Electrophysiology
EMG was completed in 72.9% (43/59) with 52.8% (19/36)
meeting at least 1 of the following criteria on EMG: (1)
inability to relax paraspinal muscle, (2) co-contraction of
agonist/antagonist muscles, (3) continuous motor unit ac-
tivity in affected muscles, and (4) exaggerated acoustic or
exteroceptive responses by surface EMG.

Comorbid Disorders
Medical, neurologic, and psychiatric comorbidities are sum-
marized further.

Coexisting Autoimmunity
Type 1 diabetes or latent autoimmune diabetes of adults
(LADA) was found in 15.3% (9/59), thyroid disease in 44.1%

Figure 1 Study Design

Two hundred and seventy-three patients were identified by a query of the HDC database. Two hundred and fourteen patients were removed from the cohort
because of other GAD65-related syndromes,misattributed diagnostic codes, insufficient data in the chart, or confirmation of alternative diagnoses. The table
summarizes the breakdown of these 214 patients. SPS diagnosis was substantiated in 59 patients by chart review. Fifty of these patients were personally
evaluated by members of our Neuroimmunology group, and 45 of the patients were evaluated by faculty with specific training in Autoimmune Neurology.
Proposed diagnostic criteria for SPS were then applied, with 38 patientsmeeting proposedMayo Clinic criteria (8 definite, 30 probable) and 51meeting Johns
Hopkins criteria (29 definite, 12 probable, and 10 possible). GAD65 = glutamic acid decarboxylase 65-kilodalton isoform; HDC = Health Data Compass; SPS =
stiff person syndrome; SPSD = stiff person spectrum disorder.
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Table 1 Demographics

Demographics UCH SPSD cohort (n = 59)
Total UCH population
(n = 2,801,674)

Age,a y, mean (SD) 49.7 (12.9) 47.5 (18.7)

Sex assigned at birth, n (%)

Female 35 (59.3) 1,519,928 (54.3)

Male 24 (40.7) 1,281,064 (45.7)

Unknown 0 (0) 682 (0.02)

Race, n (%)

White 48 (81.4) 2,063,672 (75.6)

Black 5 (8.5) 162,273 (6.0)

American Indian or Alaskan Native 1 (1.2) 15,732 (0.6)

More than 1 race — 21,121 (0.8)

Other 4 (6.8) 365,518 (13.0)

Unknown — 173,358 (6.2)

Ethnicity, n (%)

Hispanic, Latino/a, or Spanish origin 5 (8.5) 384,125 (13.7)

Non-Hispanic, Latino/a, or Spanish origin 54 (91.5) 2,213,032 (79.0)

Unknown — 204,517 (7.3)

SPSD phenotype, n (%)

Classic SPS 39 (66.1) —

Partial or stiff limb 1 (1.7) —

SPS plus 16 (27.1) —

PERM 3 (5.1) —

Comorbidities, n (%)

Type 1 diabetes mellitus or latent autoimmune diabetes of adults or LADA 9 (15.3) —

Thyroid disease 26 (44.1) —

Vitamin B12 deficiency 26 (44.1) —

Vitiligo 8 (13.6) —

Epilepsy 4 (6.8) —

Neuropathy 37 (62.7) —

Rheumatoid arthritis 3 (5.1) —

Previous spinal surgery 8 (13.6) —

Anxiety 39 (67.2) —

Depression 27 (46.6) —

Chronic opioid useb 15 (25.4) —

Self-reported chronic alcohol usec 3 (5.1) —

Abbreviations: LADA = latent autoimmune diabetes of adults; PERM = progressive encephalomyelitis with rigidity and myoclonus; SPS = stiff person
syndrome; SPSD = stiff person spectrum disorder; UCH = University of Colorado Health.
a Age was calculated at either SPS diagnosis or at the midpoint of their exposure for patients without an SPS diagnosis.
b Defined as >3 months of continuous use.
c Defined as >7 standard drinks in a consecutive 7-day period.
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(26/59), vitamin B12 deficiency in 44.1% (26/59), vitiligo in
13.6% (8/59), and rheumatoid arthritis in 5.1% (3/59).

Neurologic and Psychiatric Comorbidities
Epilepsy was reported in 6.8% (4/59), neuropathy in 62.7%
(37/59), anxiety in 67.2% (39/59), and depression in 46.6%
(27/59).

Substance Use
Self-reported chronic alcohol use defined as >7 standard
drinks in 7 consecutive days was reported in 5.1% (3/59).
Chronic use of opioids (>3 months) was reported in 25.4%
(16/59).

History of Spinal Surgery
A history of spinal surgery was reported in 13.6% (8/59).

Summary of Treatments
Treatment data collected from chart review included immune
therapy and symptomatic treatments administered during the
disease course. Common symptomatic therapies and immu-
notherapies were investigated for each disease phenotype
(Figure 2).

Symptomatic Treatment
In our cohort, 88.1% (52/59) of patients were treated with
diazepam, 37.3% (22/59) of patients were treated with clo-
nazepam, and a minority of patients also received an alternative
benzodiazepine (including lorazepam, temazepam, alprazolam,
and/or chlordiazepoxide). Baclofen was used in 89.8% (53/59)
and botulinum toxin injections in 16.9% (10/59).

Table 2 Clinical and Diagnostic Data

Patients with positive
results/patients
tested (%)

Serum and CSF analysis

Serum GAD65 IgG >20 nmol/L RIA 23/57 (40.4)

Serum GAD65 IgG >10,000 IU/mL ELISA 1/28 (3.6)

Serum GAD65 IgG >250 IU/mL ELISAa 15/28 (53.6)

Serum GAD65 IgG >20 nmol/L RIA or
serum GAD 65 IgG >10,000 IU/L ELISA

27/59 (45.8)b

CSF GAD65 IgG positive 8/26 (30.8)

Glycine receptor IgG positive 10/32 (31.3)

Amphiphysin IgG positive 1/48 (2.1)

Antibody positivec 35/59 (59.3)b

Elevated total nucleated cells
>5 cells/μL

5/39 (12.8)

Elevated CSF protein >45 mg/dL 12/39 (30.8)

Presence of CSF-restricted oligoclonal
bands

8/37 (21.6)

Elevated IgG index >0.66 2/34 (5.9)

Electrophysiologic testing

EMG completed 43/59 (72.9)

Meets at least 1 of the following
4 criteriad

19/36 (52.8)

1: inability to relax paraspinal muscles
on EMG

8/22 (36.4)

2: exaggerated acoustic or exteroceptive
responses by surface EMG

0/1 (0.0)

3: co-contraction of agonist/antagonist
muscles by EMG

4/5 (80.0)

4: continuous motor unit activity in
affected muscles

14/30 (46.7)

Symptomatic treatment used during SPS
disease coursee

Diazepam 52/59 (88.1)

Clonazepam 22/59 (37.3)

Lorazepam 12/59 (20.3)

Alprazolam 4/59 (6.8)

Baclofen 53/59 (89.8)

Botulinum toxin injection 10/59 (16.9)

Immune therapy used during SPS disease
course

IVIg 55/59 (93.2)

Plasma exchange 23/59 (39.0)

Rituximab 36/59 (61.0)

Mycophenolate 16/59 (27.1)

Continued

Table 2 Clinical and Diagnostic Data (continued)

Patients with positive
results/patients
tested (%)

Corticosteroidsf 11/59 (18.6)

Azathioprine 3/59 (5.1)

Cyclophosphamide 4/59 (6.8)

aHSCT 4/59 (6.8)

Abbreviations: aHSCT = autologous hematopoietic stem cell transplant;
GAD65 = glutamic acid decarboxylase 65-kilodalton isoform; IVIg = IV im-
munoglobulin G; RIA = radioimmunoprecipitation assay; SPS = stiff person
syndrome; SPSD = stiff person spectrum disorder.
a SerumGAD65 IgG titers obtained through ELISA testingmethodsmay have
limited diagnostic utility if they are reported >250 IU/mL. Because the lab-
oratory does report titers beyond 250 IU/mL, it is difficult to interpret
whether the patient has a high titer (defined as 10,000 IU/mL using ELISA).
b Proportions calculated based on the total population; however, not all
patients underwent comprehensive testing that included each antibody
outside GAD65 antibody testing alone.
c Antibody positive indicates that the patient had one of either serumGAD65
IgG >20 nmol/L, serum GAD65 IgG >10,000 IU/mL, CSF GAD 65 IgG, glycine
receptor IgG, or amphiphysin IgG.
d Most EMGs obtained before our evaluation did not always include com-
prehensive testing that could be used with applying proposed diagnostic
criteria.
e Additional benzodiazepines used at lower frequencies included temaze-
pam and chlordiazepoxide.
f Chronic steroid use for SPSD was defined as ≥3 months consecutively.
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Immune Therapy Treatment
In our cohort, 93.2% (55/59) received IVIg, 61.1% (36/59)
received rituximab, and 39.0% (23/59) received PLEX. Less
commonly used immune therapies included chronic steroids
(defined as ≥3 consecutive months) in 18.6% (11/59),
mycophenolate mofetil or mycophenolate acid in 27.1% (16/
59), azathioprine in 5.1% (3/59), and cyclophosphamide in
6.8% (4/59). Four patients (6.8%) underwent autologous
hematopoietic stem cell transplant.

Epidemiology
The estimated prevalence of SPSD within this UCH cohort
was 2.11 (95% CI 1.57–2.64) per 100,000 persons (Figure 3).
Applying the proposed diagnostic criteria, the estimated
prevalence was 1.36 (95% CI 0.93–1.79) per 100,000 persons
for all patients meeting probable or definite Mayo Clinic
criteria; 1.82 (95% CI 1.32–2.32) per 100,000 persons for all
patients meeting possible, probable, or definite Johns Hop-
kins criteria; and 1.46 (95% CI 1.02–1.91) per 100,000 per-
sons for all patients meeting probable or definite Johns
Hopkins criteria (Figure 4). The average yearly incidence rate
between 2012 and 2022 was 0.35 per 100,000 person-years
(95% CI 0.27–0.46). Data demonstrate minimal year-to-year
variability in the calculation of incidence and prevalence
(Figure 3).

Diagnosis and Application of Clinical Criteria
Among the 59 identified in the UCH cohort, 52 patients
(88.1%) satisfied either the proposed Mayo Clinic criteria for
definite or probable SPSD or the proposed Johns Hopkins
criteria for definite, probable, or possible SPSD. Cohort

phenotypes included 66.1% (39/59) with classic SPS, 1.7%
(1/59) with partial (or stiff limb) syndrome, 27.1% (16/59)
with SPS plus, and 5.1% (3/59) with PERM. The latency
between patient-reported symptoms and diagnosis was
a mean of 4.52 (95% CI 3.24–5.81) years and median of
3.50 years (interquartile range 1.00–5.75 years with 95% CI
2.00–4.61 years). The latency time ranged from 0.08 to 21.74
years. Application of the 2 proposed diagnostic criteria
(possible/probable/definite Johns Hopkins vs probable/
definite Mayo Clinic) in this real-world data set explored
the agreement between these criteria, with a κ coefficient of
0.36 (95% CI 0.13–0.58). Accounting for differences in di-
agnostic classification, we report a κ statistic of 0.73 (95% CI
0.55–0.92) when comparing the Johns Hopkins criteria for
probable/definite cases. When only considering classic phe-
notypes, we calculated a κ of 0.30 (95% CI 0.05–0.55) with
inclusion of the possible cases and 0.74 (95% CI 0.53–0.95)
with exclusion of the possible cases in the Johns Hopkins
criteria (Figure 5).

The 7 cases not satisfying the abovementioned criteria were
adjudicated to be consistent with a diagnosis of possible SPSD
before formal application of proposed SPSD based on our
inclusion criteria and on clinical history, neurologic exami-
nation, diagnostic evaluation, and therapeutic response to
treatment. These cases were further reviewed in depth, and all
were found to have a range of neurologic symptoms re-
sembling SPSD with variations in clinical presentation, di-
agnostic findings, and treatment responses. One case was
consistent with a PERM phenotype, 4 with a classic SPS
phenotype, and 2 with a SPS plus phenotype. Among these

Figure 2 Immune Therapy and Symptomatic Treatments by Disease Phenotype

Treatment data were collected from chart review. We highlighted some common immune therapies and symptomatic treatments administered during the
disease course among the various SPSD phenotypes. The use of steroids was defined as chronic steroids for ≥3 consecutive months and included 18.6% (11/
59). IVIg was administered to most patients regardless of disease phenotype (93.2% [55/59]), followed by rituximab (61.0% [36/59]) and then PLEX (40.0 [23/
59]). Cyclophosphamidewas administered to a total of 4 patients (3 patients with SPS plus and 1 patient with classic SPS). Four patients underwent autologous
hematopoietic stem cell transplant (2 patients with classic SPS, 2 patients with SPS plus, and 1 patient with pure cerebellar ataxia). Symptomatic treatment
included baclofen (89.8% [53/59]), diazepam (89.8% [53/59]), and less frequently other benzodiazepines (clonazepam, lorazepam, temazepam, alprazolam,
and/or chlordiazepoxide). Botulinum toxin was also used in the treatment of a minority of patients. aHSCT = autologous hematopoietic stem cell transplant;
IVIg = IV immunoglobulinG; PERM=progressive encephalomyelitis with rigidity andmyoclonus; PLEX = plasma exchange; SPS = stiff person syndrome; SPSD=
stiff person spectrum disorder.
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cases, 5 had a positive GAD65 antibody test, with values
ranging from 0.06 to 745 nmol/L. These cases failed to meet
either diagnostic criterion because of the presence of other
possible competing comorbidities (i.e., not meeting the def-
inition for exclusion of alternative diagnosis), inability to
obtain comprehensive EMG testing, and/or low-positive an-
tibody titers. Treatment responses varied, but all had some
degree of improvement with immunotherapy. Notably, 1
patient case had clear clinical worsening with discontinuation
of IVIg during a formal dependency trial while holding the
dose for 12 weeks to obtain antibody testing. With re-
sumption of IVIg, symptoms yet again improved. This has

been well described in SPSD,26 but not part of the current
proposed criteria. Details of each clinical case are available in
eAppendix.

Discussion
Our study captured a large United States–based population
with a diverse representation of sex, race, and ethnic sub-
groups in SPSD, providing novel information and enhancing
existing epidemiology data in multiple ways. The estimated
prevalence of SPSD within this cohort was 2.11 (95% CI

Figure 3 Yearly Incidence and Prevalence of Stiff Person Spectrum Disorder

Yearly incidence and prevalence were calculated based on observable person-year exposure to the University of Colorado Healthcare system. The upper
bounds of the first 2 years on the yearly incidence rate graph are removed to allow for enhanced visibility of subsequent years. The upper bound of 2012 and
2013 are, respectively, (6.7965–3.7280).
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1.57–2.64) per 100,000 persons. Considering differences in
diagnostic criteria, the estimated prevalence ranged from 1.36
(95% CI 0.93–1.79) to 1.82 (95% CI 1.32–2.32) per 100,000
persons when compared with our UCH SPSD cohort
(Figure 4). The estimated disease prevalence in our large US
population–based UCH cohort was 1 in 47,486. Even when
considering the most stringent criteria for classic SPS, ap-
plying the Mayo Clinic criteria, the estimated disease preva-
lence was 1 in 73,744. The average yearly incidence rate
between 2012 and 2022 was 0.35 per 100,000 person-years
(95% CI 0.27–0.46) (Figure 3), or roughly 3.5 new cases per
million people per year. Data from this United States–based
cohort differ from the frequently quoted “one-in-a-million,”
based on an estimated prevalence of 1 in 1,250,000 from
a single center in Heidelberg, Germany,21 and a more recent
prevalence estimate of 2.06 per million patients in a pop-
ulation of patients evaluated within the VA system.23

Our methodology for calculating incidence and prevalence in
this chronic disease has several advantages. We used recom-
mended definitions of prevalent and incident patients and
observed population.27 Our population (denominator) con-
sisted of any patient with any contact within our health system,
from their first observed day, and who was assumed to con-
tribute observation time until the end of the cohort, unless they
expired (“complete period” population). Compass integrates

data from the CDPHE including death records, helping to
minimize missed deaths occurring outside the health system.
Patients who died out of state or out of the country could
potentially be missed, leading to an overestimation of person-
time and underestimation of incidence. However, this meth-
odology mitigates the risk of inflating incidence and prevalence
of chronic diseases. Expert-driven chart reviews in all cases
limited the risk of misidentifying prevalent cases because pro-
vider narratives provide critical information regarding the dis-
ease onset, clinical features, and timing of diagnostics.

Of 273 patients identified from HDC data search, only 59
were considered to clinically fit with a diagnosis of SPSD
based on record review. The G25.82 code for SPSD was not
a reliable marker with a calculated positive predictive value of
17.77% (95% CI 13.66%–21.88%).

Aligned with other reports, we found that SPSD is more
common in women (59.3%). Comorbid autoimmunity was
common in 64.4% (38/59) of patients diagnosed with type 1
diabetes mellitus, LADA, vitamin B12 deficiency, thyroid dis-
ease, vitiligo, and/or rheumatoid arthritis. A significant pro-
portion of our cohort exhibited elevated CSF protein (12/39,
30.8%) and CSF restricted oligoclonal bands (8/37, 21.6%).
These findings can be nonspecific in inflammatory CNS con-
ditions, and their specificity in SPSD is yet to be determined.

Figure 4 Diagnosis Prevalence Based on Diagnostic Criteria

The estimated prevalence of SPSD within this cohort is 2.11 (95% CI 1.79–2.92) per 100,000 persons for the UCH cohort. Accounting for differences in
diagnostic criteria, the estimatedprevalencewas calculated for theMayoClinic criteria at 1.36 per 100,000 (95%CI 0.92–1.78), JohnsHopkins criteria (including
probable/definite only) at 1.46 per 100,000 (95% CI 1.02–1.91), and Johns Hopkins criteria (possible/probable/definite) at 1.82 per 100,000 (95% CI 1.32–2.32).
SPSD = stiff person spectrum disorder; UCH = University of Colorado Health.
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Although proposed diagnostic criteria exist, there are no
standardized international consensus criteria. This is a limita-
tion in our ability to define and standardize the diagnosis of
SPSD across institutions. We applied 2 proposed diagnostic
criteria in this real-world data set and explored agreement
between them. A κ coefficient of 0.36 (95% CI 0.13–0.58)
between the Mayo Clinic and Johns Hopkins criteria noted
poor agreement between these 2 criteria when applied to our
UCH SPSD cohort, mostly due to the inclusion of possible
SPSD cases. Removing possible SPSD cases from the Johns
Hopkins criteria, we see improved agreement with a κ statistic
of 0.73 (95% CI 0.53–0.95). There was no significant differ-
ence in the κ statistic when only considering probable/
definite cases in the John Hopkins criteria versus the Mayo
Clinic criteria. Separately, we had 7 patients who did not meet
either criterion. Key features among these cases included
a clinical response to immunotherapy (most IVIg), response
to benzodiazepines, and a positive IVIg dependency trial
(worsening with discontinuation and improvement with
restarting). Many did not meet criteria based on lack of
available clinical data (e.g., comprehensive EMG not com-
pleted) or possible competing comorbidities (not clearly
meeting the definition for exclusion of alternative diagnosis).

In the development of formal consensus criteria for SPSD, how
to capture the heterogeneous spectrum of the disease outside

the classic SPS phenotype, such as SPS plus, PERM, and stiff
limb (partial), will need to be considered. There will be a need
to clearly define a high-titer GAD65 level. In our study, we used
the widely accepted definition of serum GAD65 >20 nmol/L
on RIA and >10,000 IU/mL on ELISA, which has been pub-
lished previously. Serum GAD65 IgG titers obtained through
ELISA testing methods may have limited diagnostic utility if
reported >250 IU/mL because levels <10,000 IU/mL have not
historically correlated with disease phenotype or treatment
response.7,28,29 Anecdotally, we found many providers order
GAD65 IgGELISAs and interpret the reported >250 IU/mL as
diagnostic (coding as ICD-10 G25.82) although they may be
well below the suggested threshold of 10,000 IU/mL, leading
to inappropriate diagnosis and treatment. Likewise, other
studies have demonstrated low-titer GAD65 IgG testing
commonly led to misdiagnosis.17 Our study identified EMG
criteria as an area of discordance between the 2 proposed di-
agnostic criteria. Obtaining comprehensive EMG testing in
community centers is uncommon, and it may necessitate
evaluation at specialized centers. While abnormal acoustic
startle and exteroceptive responses have a high specificity for
SPSD, these specialized tests are only available at few institu-
tions internationally and have low sensitivity with benzodiaz-
epine use.30,31 Given this limitation, only 1 patient in 59 had this
testing completed and it was negative, possibly due to con-
comitant benzodiazepine use. As such, this may not be a prac-
tical application in the standardized diagnostic criteria. Other
specific abnormalities were reviewed on EMG including con-
tinuous motor unit activity in the paraspinal muscles and other
affectedmuscle groups and co-contraction of agonist/antagonist
muscles. While a limited number of patients had the full battery
of specialized EMG procedures completed, the sensitivity of
continuous motor unit activity in the paraspinal muscle within
our cohort was 36.4% (95%CI 17.2%–59.3%), the sensitivity of
continuous motor unit activity in the affected muscle outside
paraspinals was 46.7% (95% CI 28.8%–64.5%), and the sensi-
tivity of co-contraction of agonist/antagonist muscles was 80%
(95% CI 28.4%–99.5%). Electrophysiologic findings can sup-
port the diagnosis, but how to integrate this into formal con-
sensus criteria usable across various institutions will be critical.
Electrophysiologic criteria, and more broadly SPSD consensus
criteria, should be validated in a prospective, multicenter study.

Another challenge in the current proposed criteria includes
the interpretation of exclusion of other causes. This can pose
a challenge when competing diagnoses also involve some
exclusionary criteria, such as fibromyalgia and functional
neurologic disorders. It is not uncommon for patients to have
multiple autoimmune or medical comorbidities, as seen in our
cohort, which can pose a challenge in the diagnosis of SPSD in
real-world cohorts. However, it is important to also recognize
that there is a high rate of misdiagnosis of SPSD, particularly
when red flags17 (eTable 1) are present, emphasizing the
diagnostic challenge of this disease. Careful consideration of
these red flags were evaluated in our UCH population, and
patients who were considered antibody negative were ex-
cluded if red flags were present.

Figure 5 Criteria Agreement

Proposed diagnostic criteria were applied to the 59 patients in the UCH
cohort. Among them, 38 patientsmet theMayo Clinic criteria (8 definite and
30 probable). Notably,many patients notmeeting the definite criteria lacked
EMG analysis. Furthermore, 51 patients fulfilled the Johns Hopkins criteria
(29 definite, 12 probable, and 10 possible). Application of the 2 proposed
diagnostic criteria (possible/probable/definite Johns Hopkins vs probable/
definite Mayo) in this real-world data set explores the agreement between
these criteria, with a κ coefficient of 0.36 (95% CI 0.13–0.58). With removal of
the “possible” cases in the Johns Hopkins criteria, we saw a κ statistic of 0.73
(95% CI 0.55–0.92). When only considering classical phenotypes, we calcu-
lated a κ of 0.30 (95% CI 0.05–0.55) with inclusion of the possible cases and
0.74 (95% CI 0.53–0.95) with exclusion of the possible cases in the Johns
Hopkins criteria. UCH = University of Colorado Health.
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We used the ICD-10 code G25.82 for patient capture, fol-
lowed by chart review required for diagnostic confirmation.
Limitations include the retrospective single system design of
our study. Despite substantial capture of many demographic
groups, the results in our population may not be fully gen-
eralizable to the US population. One major limitation of this
study was the lack of capturing an individual in the system if
this diagnostic code was not used. Of 273 patients identified
by G25.82, 217 were excluded because of not meeting criteria
for SPSD based on adjudicated chart review, which may have
included the lack of limited follow-up and diagnostic data.
Both these limitations could potentially underestimate our
total cases of SPSD. Separately, we did not include those
younger than 18 years in our study. It has been suggested that
pediatric-onset SPSD represents 5%–8% of total SPSD cases
based on a study at the Mayo Clinic from 1984 to 2012.32,33

Additional studies are needed to characterize the disease in
the pediatric population. Another limitation is the potential
for bias to see rare diseases, such as SPSD, in academic health
systems with training and experience in complex neuro-
immunologic diseases. To help minimize this limitation, we
used best practices for epidemiologic studies within health
care data to minimize the risk of overestimating disease in-
cidence and prevalence. Calculation of incidence was de-
pendent on exposure time (i.e., determined by how long
a person was in the system before the SPSD diagnosis), and
therefore, SPSD cases diagnosed on their first encounter were
not included because their exposure time was zero, mini-
mizing the concern for referral bias. Finally, inclusion in our
cohort was dependent on recognition of SPSD symptoms
and/or serologic testing for associated autoantibodies. It is
likely that our capture in later years of observation was in-
complete because of the significant latency from clinical onset
to the first serologic test or the SPSD-related diagnostic code.

Identification and inclusion of cases were dependent on ex-
pert review (A.L.P., P.D.C. with adjudication of tie-breaking
cases [E.A.M.]). While inclusion criteria were used as guide-
lines for ruling in SPSD in the chart review, there are limi-
tations based on data available in the EMR and the lack of
in-person evaluations to confirm SPSD cases. However, this
data set is unique in that 76.3% (45/59) of patients were
clinically evaluated by a single autoimmune neurologist
(A.L.P.) and 84.7% (50/59) were evaluated by other sub-
specialists in our neuroimmunology group. Patients evaluated
by the same person or group with expertise in SPSD help
minimize concern for misdiagnosis and inclusion of false
cases, which could inflate our incidence and prevalence, but
this remains a limitation of the study. In addition, this method
of chart review can also underestimate incidence and preva-
lence because some cases reviewed did not have enough data
to clearly rule in SPSD and were excluded from the analysis
(34 cases with insufficient data to make a diagnosis; Figure 1).

We describe a prevalence of SPSD of 2.11 per 100,000 persons,
or an estimate of 1 in 47,486, in a large Colorado pop-
ulation–based cohort. Our study uniquely captures significant

numbers of many US demographic groups, making this more
generalizable across the US population. Additional studies are
needed to determine whether these results are also represen-
tative of a national or global population. Understanding the
true disease burden of SPSD is fundamental to ensuring opti-
mal patient care, allocating appropriate resources for this rare
disease, and improving current standards. Formal consensus
diagnostic criteria will lead to higher quality treatment guide-
lines based on clinical trials in well-defined cohorts.
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