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ABSTRACT

Background: Stiff-person syndrome (SPS), a rare neuro-immunological condition producing profound and
insidious stiffness, often manifests with marked elevation of autoantibodies to glutamic acid decarboxylase-65
(GADG65 Abs). Patient sparsity has impeded understanding of SPS. We sought to characterize SPS features in a
representative sample of U.S. older adults, using unbiased large data methods, with validation.

Methods: Retrospective cross-sectional analysis of 1,478,620 Medicare (CMS) beneficiaries over age 64
(CMS-5 sample), together with the 20% code-only CMS sample (CMS-20) incorporated unbiased ‘large-data’
and sensitivity analyses. In analyzing the CMS-5 sample, we piloted the use of large data methods, e.g. false-
detection rates, volcano plots, and hierarchical cluster analysis to identify associations in an unbiased manner.
Validation was performed using two approaches: 1) by comparing the results of the distinct extraction
methods in the two sample populations (CMS-20 vs. CMS-5) and 2) by determining the taxonomy of individual
providers in the CMS-5 population and the extent of evidence of primary diagnosis of SPS by neurologists.

Results: SPS diagnosis was recorded by healthcare providers in 409 of 6,192,830 (CMS-20) and 97 of
1,557061 (CMS-5) beneficiaries respectively. Older adults (CMS-5) diagnosed with SPS ranged 65-94 years
old; and numbered 3/100,000; Primary SPS diagnosis was recorded by neurologists in 8 per million. Clinical
features of SPS in older (n=48) and younger (n=49) adults were not distinct. Features typical of SPS (CMS-20)
were increased (a priori analysis): muscle spasms, pain (multiple body areas), repeated falls, Type 1 diabetes,
anxiety, all P <.001; most received outpatient and/or inpatient care. Unbiased large data analysis of diagnostic
codes demonstrated spasms, para-axial pain, and raised antibody levels; as well as weakness, obstructive
sleep apnea, and dysphagia. Hierarchical cluster analysis showed muscle spasms and gait abnormalities
were most closely associated with raised antibodies. Taxonomic analysis validated raised antibodies in SPS
diagnosed by neurologists.

Conclusions: SPS affects adults even in later life and is rarely diagnosed. Unbiased analysis suggests muscle
spasms, abnormal gait and raised antibody titers are key features. Clinical features may include sleep apnea,
weakness, and dysphagia. We conclude that improved recognition of core SPS features and additional study
are both needed.

Keywords: Movement Disorder; Rare Disease; Moersch-Woltman Syndrome; Pain; Low Back Pain; Cervicalgia;
Muscle Spasms; Auto-Immune Disorders; Antibody-Mediated Disorders; Neuroimmune Disorders

Abbreviations: SPS: SPS: Stiff-Person Syndrome; GAD-65: Glutamic-Acid Decarboxylase 65; GAD65Abs: Auto-
Antibodies Binding Glutamic Acid Decarboxylase-65; amphiAb-SPS: SPS Associated With Amphiphysin Auto-
Antibodies; CMS: Center For Medicare and Medicaid Services; ICD-10: International Classification of Diseases
CM 10th version adapted for U.S. use; CCDW: Chronic Condition Data Warehouse; VIReC: VA Information
Resource Center; NPI: National Provider Identifier; FDR: Benjamini-Hochberg False Discovery Method; SE:
Standard Error
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Background

Stiff-person syndrome (SPS) is a painful, rare, neuro-immunolog-
ical condition developing in mid-life. Clinically, SPS includes severe
spasms, disabling neuromuscular stiffness, anxiety, impaired ambula-
tion, and frequent falls. Described in 1954 as ‘stiff man syndrome’, in
1988, auto-antibodies binding glutamic acid decarboxylase-65 (GAD-
65Abs) were identified in SPS; in 1993 a paraneoplastic variant was
associated with amphiphysin auto-antibodies [1-4]. In a clinical ap-
praisal of an early large laboratory-based cohort of SPS patients with
high-titer GAD65Ab, we noted markedly elevated auto-antibody levels
even after decades of symptoms [5]. In 2008, we described distinctive
anatomical patterns of SPS symptoms with GADA65Abs vs. amphiph-
ysin antibodies: GAD65Ab-SPS prominently affects thoraco-lumbar
structures and amphiAb-SPS the cervico-thoracic region [6]. The ex-
tent to which SPS affects physiological systems more broadly, impacts
access to care, and even basic prevalence are not well established. Re-
cently, a natural history study observing patients not receiving immu-
nomodulating therapy noted worsening over time with progression
to disability [7]. Care settings, healthcare access, disparities, and utili-
zation have received limited attention [8]. Complexities aside, in con-
ditions as rare as SPS, substantive clinical cohorts are uncommon; as a
result, the characterization of SPS, including comorbid conditions, has
progressed slowly [9-12].

Even the prevalence of SPS remains subject to some controversy
[13] Importantly, GAD65Ab are not unique to SPS, high-titer GAD-
65Ab also associate with cerebellar ataxia, while low-titer GAD65Ab
are quite prevalent and associated with type [ and adult-onset auto-
immune diabetes; clinical syndrome appraisal remains vitally import-
ant [9,10] In late 2016, the use of specific ICD-10 codes became man-
datory for all Medicare providers, this in concert with wider adoption

of electronic health records means that extensive and detailed clinical
coding data are now available for analysis [14-16]. The purpose of
this study was to use and validate data from CMS databases, national-
ly-representative of older adults, and inclusive of younger adults with
disabling medical conditions, applying large-data analytical methods
and case-level validation, to improve understanding of SPS.

Methods
Study Design and Population

This was a cross-sectional study of persons diagnosed with SPS
(ICD-10 code G25.82) utilizing two sources of Medicare (CMS) data.
Two approaches were utilized because SPS is rare enough that the
standard (smaller) data set offered limited statistical power, whereas
the larger available data set did not contain important demographic
information; internal and external validation assessment supported
this approach, see below [17,18]. The two approaches are summa-
rized in Table 1. Phase 1 involved systematic case-count extraction
from several data files based on a sample population of over 6 million
beneficiaries in the 20% sample of CMS 2016 data (CMS-20) adminis-
tered by the Chronic Condition Data Warehouse (CCDW) [19]. Phase
2 involved Carrier claim file records for a sample population of about
1.5 million beneficiaries in the 5% sample of CMS 2017 data (CMS-5),
accessed under a formal Data Use Agreement administered by the VA
(VIReC). Validation was performed on CMS-5 data by comparing those
with a primary diagnosis of SPS by neurologists to those diagnosed by
others. Medicare provides healthcare coverage to older adults of the
U.S. population, including over 99% of the legal residents of the Unit-
ed States who are age 65 years of age or older. CMS files also include
those younger than 65 receiving coverage on the basis of disability or
diagnosis with “qualifying conditions” like renal failure [20].

Table 1: Comparison of Phase 1 and Phase 2 data sources, research plan development, and hypothesis testing.

Phase 1

Phase 2

20% 2016 CMS sample queries yielding case counts from
Carrier, Inpatient, Outpatient, Skilled Nursing, Hospice, and

5% 2017 CMS Carrier Claims files comprising up to 12 ICD-10
codes per claim, with unique identifiers, demographics - data

Study population Durable Medical Equipment Claims files (not including de- | configured for study as total beneficiary-level diagnostic codes
mographic information). and demographics.
Study population size | Approximately 6 million beneficiaries Approximately 1.5 million beneficiaries

Study design, basic

Cross

sectional

Study, advanced
features

Use of directed search terms with Boolean reconstruction of
up to 6 comorbid conditions

Unbiased assessment of co-morbidities limited to those present
in 5 or more persons

Hypothesis testing

A priori candidate comorbidities base on literature review

Unbiased search for phenotypic differences based on statistics

Main outcome vari-
able

(Bayesian) relative rates vs. those without SPS diagnosis

Management of multi-
ple comparisons

Bonferroni-Dunn correction for multiple comparisons

Benjamini-Hochberg false detection rate correction®
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Importance of data to
study

larger sample size

o Traditional hypothesis-testing with a priori candidates
o Larger patient numbers result in greater statistical power

e Potential detection of less prevalent comorbidities due to

Novel comorbidity detection

Demographic variables permit the segmentation and stratifi-
cation of data by age and gender

Phenotypic profiling

Hierarchical cluster analysis

Validation through provider taxonomy and code position

In phase 1, case counts were extracted systematically for each
code or group of codes of a priori interest to the study. When two
codes are submitted simultaneously, this retrieves the number of
beneficiaries coded for either condition. We then constructed con-
crete Boolean algebra algorithms to calculate the ‘intersection’ of two
diagnoses, i.e., the number of patients having both of two specified
conditions [21]. Utilizing a system of Boolean equations, we created
profiles documenting presence or absence of several conditions si-
multaneously.

In phase 2, data included individual claims records from CMS-5
including claim-by-claim.

Information: ICD-10 codes (up to 12 per visit), provider data,
and selected beneficiary demographics for each fee-based encounter.
We defined a ‘coding event’ as code inclusion in a claim for a specific
patient. We then utilized SAS and SAS SQL to establish a normalized
relational database structure for the data based on beneficiaries as
the primary key; associating demographic data and all 2017 ICD-10
coding events.

Table 2: ICD-10 codes utilized in Phase 1 ‘a priori’ search strategy.

Identification of Cases

Cases were defined as those beneficiaries in the database with
one or more coding events during 2017 specifying G25.82 (SPS). For
validation, cases were classified according to the position of SPS as
primary or secondary, and whether the claim-filing healthcare pro-
vider was a neurologist (NPI primary taxonomy code 2084N0400X)
or other.

Non-SPS Population and Confounding Variable Analysis

The non-SPS population for this study was all those in the data-
base not coded for SPS. In phase 1, to ensure an appropriate compar-
ator group, we first needed to construct a condition ‘master list’ that
would generate the estimated total ‘active’ beneficiaries in CMS-20.
The ‘master list’ codes included common conditions, anticipated SPS
comorbidities, diverse neurological conditions, and autoimmune con-
ditions, additional conditions were added until adding another con-
dition did not increase total beneficiaries by >.01%. We also required
that the ‘master list’ conditions (minus G25.82) generate a population
from which all 409 SPS-coded beneficiaries could be retrieved. The
resulting codes are shown in Table 2. Phase 2 ‘active’ presence was
defined as having one or more ICD-10 diagnoses in CMS-5.

Diagnostic group Codes used
Stiff-person syndrome G25.82
Neurological signs and symptoms

Muscle spasms and cramps R25.2
Muscle spasms in back M62.830
Muscle spasms, other location M62.838
Ataxic gait R26.0
Ataxia/lack of coordination R26.0, R26.81, R27.0, R27.8, R27.9
Repeated falls R26.9
Tetany R29.0
Meningismus R29.1
Abnormal reflex R29.2
Abnormal posture R29.3
Incontinence R32
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Pain by location
Headache R51
Neck pain (cervicalgia) M54.2

Pain in shoulder

M25.511, M25.512, M25.519

Pain in elbow

M25.521, M25.522, M25.529

Pain in wrist

M25.531, M25.532, M25.539

Pain in hand

M25.541, M25.542, M25.549

Thoracic pain

M54.6

Low back pain

M54.5

Pain in hip

M25.551, M25.552, M25.559

Pain in knee

M25.561, M25.562, M25.569

Pain in ankle or foot

M25.571, M25.572, M25.579

Pain in joint, unspecified M25.50
Myalgias M79.1
Fibromyalgia M79.7

Cognitive and affective concomitants

Anxiety

F41.0, F41.1, F41.3, F41.8, F41.9

Depression

F33.0, F33.1, F33.2, F33.3, F33.40, F33.41, F33.42, F33.8, F33.9

Mild Cognitive impairment

G31.84

Alzheimer’s, vascular, or FTD

G30.1, G30.8, G30.9, G30.0, F01.50, F01.51, G31.01, G31.09

Parkinson’s, LBD, CBD

G20, G31.83, G31.85

Delirium

R41.82, R41.0

Cognitive communication
deficit

R41.841

Diabetes and hypothyroidism

DM1 (excluding some macular

codes, equaling > 90% of total
DM1 population)

E10.10, E10.11, E10.21, E10.22, E10.29, E10.40, E10.41, E10.42, E10.43, E10.44, E10.49, E10.51, E10.52, E10.59, E10.610,
E10.618, E10.620, E10.621, E10.622, E10.628, E10.630, E10.638, E10.641, E10.649, E10.65, E10.69, E10.8, E10.9

DM2 (excluding some macular

codes, equaling > 90% of total
DM2 population)

E11.10, E11.11, E11.21, E11.22, E11.29, E11.40, E11.41, E11.42, E11.43, E11.44, E11.49, E11.51, E11.52, E11.59, E11.610,
E11.618, E11.620, E11.621, E11.622, E11.628, E11.630, E11.638, E11.641, E11.649, E11.65, E11.69, E11.8, E11.9

DM-other (excluding some

macular codes, equaling > 90%

of total DM-other population)

E13.10, E13.11, E13.21, E13.22, E13.29, E13.40, E13.41, E13.42, E13.43, E13.44, E13.49, E13.51, E13.52, E13.59, E13.610,
E13.618, E13.620, E13.621, E13.622, E13.628, E13.630, E13.638, E13.641, E13.649, E13.65, E13.69, E13.8, E13.9

Hypothyroidism, unspecified

E03.9

Inclusive condition list

Comprehensive list: con-
ditions utilized for active
coding assessment

B029, B0229, B079, E039, E1010, E1011, E1021, E1022, E1029, E1040, E1041, E1042, E1043, E1044, E1049, E1051, E1052,
E1059, E10610, E10618, E10620, E10621, E10622, E10628, E10630, E10638, E10641, E10649, E1065, E1069, E108, E109,
E1110, E1111, E1121, E1122, E1129, E1140, E1141, E1142, E1143, E1144, E1149, E1151, E1152, E1159, E11610, E11618,
E11620, E11621, E11622, E11628, E11630, E11638, E11641, E11649, E1165, E1169, E118, E119, E1310, E1311, E1321, E1322,
E1329, E1340, E1341, E1342, E1343, E1344, E1349, E1351, E1352, E1359, E13610, E13618, E13620, E13621, E13622, E13628,
E13630, E13638, E13641, E13649, E1365, E1369, E138, E139, E559, E6601, E663, E782, E9319, F411, F329, G2582; G35,
G500, G4300, G4301, G431, G4310, G434, G4340, G4341, G4350, G4351, G4360, G4361, G4370, G4371, G4380, G4381,
(G4382, G4383, G4390, G4391, G459, G894, G894, G050, G9051, G9052, G059, G309, G20, 110, J440, J441, J449, L409,
Mb542, M546, M545, M5481, M4806, M4807, M4808, M5415, M5416, M5417, M5418, M5430, M5431, M5432, M5440,
Mb5441, M5442, M5105, M5106, M5115, M5116, M5117, M5125, M5126, M5127, M5135, M5136, M5137, M5185, M5186,
M5187, M519, M533, M461, M4608, M5481, M797, M791, R51, R002, R42

Note: Agoraphobia, social phobia, visuospatial, psychomotor, frontal lobe and executive deficits were not coded at significant rates in those diagnosed

with SPS.
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Covariates

Covariates (e.g., comorbid conditions, clinical features, and
symptoms) for Phase 1 were selected a priori, Table 3. The primary
purpose of Phase 1 was to examine evidence regarding associations
between SPS and known covariates, e.g. spasms; we also included
contrast conditions as ‘negative’ controls, e.g. hypertension. A sec-
ondary aim of Phase 1 was to appraise the clinical care settings, e.g.

inpatients. Search options for ‘setting of care’ were selected in CCDW;
Boolean algorithms determined group membership. For Phase 2, no
ICD-10 coded conditions were selected a priori as covariates because
the purpose was to identify co-diagnoses in an unbiased manner. Con-
ditions that occurred in fewer than 10% of SPS individuals (i.e., n<5)
were excluded because of the unreliability of estimates of small sam-
ples with large denominators. As SPS is very rare, race and location
data were too sparse for analysis.

Table 3: Case counts, mean age, and standard error of mean age by age and gender groups for SPS-diagnosed beneficiaries in the 5% 2017

Medicare data sample.

Female Male Total
Group
N mean SE N mean SE N
SPS < 65 34 51.6 1.9 15 49.2 2.6 49
TOTAL SAMPLE 2= 65 852,256 75.6 0.01 625,594 74.8 0.01

SPS 2 65 27 74.8 1.6 21 72.7 1.3 48

SPS = 65
(1°, NEUROLOGY) Supp. 73.7 2.3 Supp. 71.1 3.4 13

Note: SPS patients in this sample totaled 97. Counts, mean age, and standard error are also provided for the total CMS-5 sample for those over 65, and
for those SPS patients over age 64 who were diagnosed with SPS as a primary condition by a neurologist (SPS (1°, NEUROLOGY) 265). The total sample

below age 65 is not provided as this group is not representative of the broader population. Cell size less than 11 is suppress per data use agreement (Supp.).

Statistical Methods

Case counts, proportions, and relative rates were computed and
compared using z-test of proportions, p-values, and confidence in-
tervals, statistics were adjusted for planned comparisons with the
Bonferroni-Dunn method, yielding 0.05 effective p-value [22]. The
study of very rare conditions in a representative sample population
has specific features that distinguish the analysis from the standard
case-control observational study, these features may mean that ap-
plications to rare diseases merit further consideration. Firstly, even
when diagnostic certainty is modest, the specificity of the diagnosis
is dominated by the very low rate of the diagnosis in the population,
i.e., if 50% of those diagnosed with SPS were mis-diagnosed (prev-
alence 3 per 100,000), specificity approaches 1. Secondly, there are
implications regarding sensitivity. Given the marked rarity of SPS,
there is negligible risk that the clinical features of the total (compar-
ator) population will be ‘contaminated’ by the features of SPS even
if a relatively large percentage of SPS patients are undiagnosed, i.e.,
low sensitivity, e.g., if 50% of SPS patients (having prevalence of 3 per
100,000) were undiagnosed, and they all experienced muscle spasms,
this would only increase the estimate of muscle spasms in the total
population by 0.0015%.

Thus, of these two, validation of the diagnostic certainty (true
positives) is the most impactful concern. In Phase 1, we compared SPS
and non-SPS groups. Rates were not adjusted due to non-availability
of demographic information. In Phase 2 we segmented cases by age.
For beneficiaries below age 65, adjusted prevalence was not deter-
minable. For beneficiaries age 65 and over (older adults), we found

the age distribution mirrored the U.S. population and adjustment was
not required [23]. We compared older adult SPS and non-SPS popula-
tions adjusting for multiple comparisons utilizing the false discovery
method (FDR) of Benjamini and Hochberg [24]. To balance false de-
tection error rates with false positive rates, FDR was set equal to 0.15.
On this basis, 27 clinical codes met criteria. Analysis with a volcano
plot indicated that all of the 27 conditions were significant using p <
0.05 criteria [25]. Hierarchical analysis was performed on the com-
mon co-morbid diagnoses (all CMS-5 patients, N = 97) using Gower’s
distance algorithm in R [26] Comparison of Phase 1 and Phase 2 was
performed. Fisher’s exact test was used to compare SPS coding events
in CMS-20 and CMS-5 data, no difference was observed (Fisher’s sta-
tistic = 0.9106). To appraise use of CMS-20 data despite the inclusion
of both younger and older adults we compared the diagnostic pheno-
types of older and younger SPS groups in the CMS-5 data, including all
conditions present in at least 10% of the total SPS population, N=83,
using a T-test and found no difference. Additionally, condition-by-con-
dition testing for difference in proportions was performed, adjusted
for multiple comparisons; no single condition was different. Unbiased
analysis of the CMS-5 data using the Benjamini-Hochberg false detec-
tion method, even with a liberal FDR of 25% did not find any signifi-
cant differences [24].

Validation by Taxonomic Analysis

NPI numbers in CMS-5 data were cross-walked to primary tax-
onomy codes of the National Uniform Claim Committee to which SPS
diagnostic coding events were initiated by neurologists versus other
specialist and general practitioners. The rates of diagnosis with ele-
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vated antibody titers, R76.0 and other codes in the R code chapter, i.e.
signs, symptoms, and syndromic diagnoses, were assessed.

Standard Protocol Approvals, Registrations, and Patient
Consents

This study was performed under a protocol reviewed and ap-
proved by the University of Maryland Institutional Review Board.

Results
Case Counts and Prevalence in Older Adults

We identified 409 SPS-coded persons in the 2016 20% Medicare
sample (CMS-20). CMS reports 11,963,696 beneficiaries in CMS-20,
84.4% of whom are over age 64; however to reduce potential re-
cord-selection bias, i.e., bias arising when comparing a population
with coding events to a population that also includes those without
coding events,27 we defined the reference population as beneficiaries
with one or more ICD-10 coding events, i.e. diagnosis criteria heuris-
tic, Table 1 [27]. The number of reference CMS-20 beneficiaries for
2016 was 6,192,830. In the 2017 5% CMS data sample (CMS-5), we
identified 97 SPS-coded persons (SPS); this was consistent with the
CMS-20 sample. Mean age for SPS was 61.25 (SE = 1.49), not different
in females and males, Table 3. For further study, the CMS-5 population
was divided into those age 65 and above (older adults, n=48), and
those below age 65 (n=49). CMS-5 contained records from a total of
1,557,061 older adult beneficiaries with one or more coding event;
896,967 females and 660,094 males. For females and males aged 65
and above, The rate of SPS diagnosis by all healthcare providers (di-
agnostic prevalence, mean +/- 95% C.I.) was 3.01 (+/- 1.38) and 3.18

(+/- 1.66) per 100,000, respectively. Diagnostic prevalence for older
adults was not different by gender and overall was 3.08 (+/- 1.06)
per 100,000. Age effects on diagnostic prevalence were assessed by
segmenting older SPS adults into 5-year age-cohorts, diagnostic prev-
alence monotonically decreased with age, however the oldest and
youngest older adult cohorts were not different, p =.242.

Clinical Features and Settings of Care in Aggregate Data

SPS clinical characteristics were assessed in CMS-20 utilizing an
a priori search strategy informed by literature review; settings of
healthcare delivery were also assessed. Use of diagnostic codes for
neurological signs and symptoms typical of SPS were elevated, Ta-
ble 4. Several affective and cognitive diagnoses especially anxiety,
depression, and mild cognitive impairment were increased, Table 4.
Autoimmune diabetes has been closely associated with SPS: Type I
diabetes diagnoses, (rate-ratio) 3.23 p<0.001; and unspecified diabe-
tes diagnoses, 2.14 p<0.001; but not type II diabetes diagnoses, 1.00
p=.395 were increased in SPS. Hypothyroidism diagnosis (E03.9) was
also increased, 2.83, p<0.001. Regarding the setting of care, SPS diag-
nosis was coded in the outpatient setting in 194 (47%) of patients,
and in an inpatient setting in 82 (20%), 42 (10.2%) patients received
both inpatient and outpatient care, half of these did not receive skilled
nursing care, home health, or hospice. A small minority of patients, 9
(2.2%), received hospice care, while 38 (9.3%) received home health
care; 19 (4.6%) required skilled nursing, similarly for durable medical
equipment. 156 (38%) patients were ‘on record’ only, not receiving
care in any specified setting. For the non-SPS population, 3,737,224
(60.13%) received outpatient care and 1,026,642 (16.52%) received
inpatient care.

Table 4: Phase 1: Symptoms and signs of SPS in in Medicare beneficiaries with SPS.

Number of SPS patients with | Prevalence per 100,000 (non- Rate ratio, SPS vs. Unadjusted
diagnosis SPS patients) non-SPS P-value
Pain by location
Headache 78 8076 2.36 <0.001
Cervicalgia 83 9621 211 <0.001
Pain in shoulder 55 9148 1.47 <0.001
Pain in wrist 11 2176 1.24 0.143
Thoracic pain 28 3945 1.74 <0.001
Low back pain 126 20067 1.54 <0.001
Pain in hip 61 8941 1.67 <0.001
Pain in knee 56 12102 1.13 0.045
Pain in ankle or foot 35 3759 2.28 <0.001
Pain in joint, unspecified 26 3287 1.93 <0.001
Fibromyalgia 31 2444 3.10 <0.001
Myalgias 58 4332 3.27 <0.001
Muscle spasms and cramps 73 1556 11.47 <0.001
Muscle spasms in back 22 1576 3.41 <0.001
Muscle spasms, other 78 1872 10.19 <0.001
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Neurological signs and symptoms

Abnormal reflex 13 78 40.56 <0.001
Meningismus Supp. 9 28.04 <0.001
Tetany Supp. 10 0.00 0.039
Ataxic gait 14 912 3.75 <0.001
Ataxia/lack of coordination 83 6653 3.05 <0.001
Repeated falls 23 2239 2.51 <0.001
Abnormal posture Supp. 971 2.01 0.002
Incontinence 21 3188 1.61 <0.001

Cognitive and affective concomitants
Anxiety 144 17595 2.00 <0.001
Depression 56 6455 212 <0.001
Mild Cognitive impairment 14 1460 2.34 <0.001
Alzheimer’s, vascular, or FTD 23 4947 1.14 0.168
Parkinson’s, LBD, CBD 33 1954 412 <0.001
Delirium 74 7237 2.50 <0.001
Cognitive communication deficit Supp. 812 3.01 <0.001

Note: 2016 20% Medicare data sample, total SPS patients with specified signs and symptoms, unadjusted prevalence in the non-SPS population, (unad-
justed) rate ratios, and statistical significance. SPS patients in this sample totaled 409, the total patients with one or more diagnoses per protocol numbered

6,192,830.

Coding Events for Individuals With SPS

In CMS-5, 1189 unique ICD-10 codes were utilized in 48 older
adults diagnosed with SPS. Of these, 1075 were ‘diagnostic’, i.e. ICD-10
Chapters A-Y; here 98 were utilized in 5 or more SPS-diagnosed per-
sons, representing 10% of the SPS population, and were included. Of
these, 3 were not coded in 5 or more non-SPS beneficiaries and were
excluded. Per our data use agreement, cell values below 5 cannot be
reported. The number of SPS coding events per beneficiary ranged
from 1 to 89, with a median of 3. For 22 patients, G25.82 (SPS) was
the most frequently used ICD-10 code during 2017; for nine others,
G25.82 was coded 210 times during the year, exceeded in frequency
only by diagnoses commonly associated with SPS, e.g. abnormalities
of gait, or ‘high-utilization’ conditions, e.g. renal failure. We divided
the SPS population into tertiles based on number of G25.82 coding
events, there were 32 individuals with one G25.82 coding event,
another 32 with 2-5 G25.82 coding events, and 33 individuals with
6-89 coding events. The diagnosis rates across all ICD-10 codes were
compared using comparison of proportions between tertiles and no
significant differences were identified. The smallest P-value identified
pertained to diagnosis with R76.0, raised antibody titer, for the top

and bottom tertiles, unadjusted P-value = 0.00013. Those diagnosed
with raised antibody titers (R76.0) demonstrated diagnoses typically
associated with GAD65 antibodies (number): gait abnormalities (9),
muscle spasms (8), ataxia (5), and type 1 diabetes (5). For further
study, records with single G25.82 coding events were not excluded.

Comparison of Older and Younger Adults with SPS in CMS-
5 Data

The CMS-5 data was used in sensitivity analysis of age and sex
characteristics as potential confounders of major clinical features in
the larger sample (CMS-20) for which demographic data were not
available. To do this, we generated diagnostic phenotyping profiles
consisting of diagnosis rates for all possible ICD-10 codes, for older
and younger SPS-coded populations. We compared the relative di-
agnosis rates for older and younger SPS populations and found no
significant differences. The phenotype profile comparison for older
adult SPS-diagnosed and non-SPS population is shown in Figure 1A.
This illustrates that SPS has a substantial disease burden in the areas
of endocrine, psychiatric, neurologic, cardiopulmonary, and musculo-
skeletal conditions as well as a marked increase in symptom burden
(R series codes).
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Figure 1: Unbiased analysis of CMS-5 (Phase 2) data. A) SPS and non-SPS Diagnostic Phenotypes for Older Adults. Manhattan plot of rates of
diagnosis for 1075 ICD-10 conditions for SPS vs. non-SPS older adults in CMS-5 2017 data, not including Z-series visit codes. Selected common
conditions and conditions demonstrating increased rates in SPS are labelled for clarity. B) Volcano plot for features of SPS compared with non-SPS
group. X-axis is log base-2 change in diagnosis rate for SPS group relative to non-SPS, Y-axis is - log (p-value) for each comparison. Volcano plots
are often used for the visualization of gene expression data and in that context often show bilateral symmetry about the y-axis. As expected for
clinical data, which is distinguished by the documentation of positive features, there are many more data in the first quadrant than the second.
Conditions with p-value for difference in proportions less than 0.05 (significantly increased over non-SPS) are shown in orange and labelled.
C) Dendrogram of hierarchical cluster analysis of diagnostic ICD-10 codes associated with SPS (N = 97 SPS patients in CMS-5 data sample). 20
clusters are distinguished by color. Notably, many ‘like conditions” were closely associated in this unsupervised machine learning analysis, e.g.
M79.674 and M79.675 are the most closely associated codes (left and right toe pain), and anxiety F41.9 and depression F32.9 are closely related,

among others. We observed that the two codes clustering most closely with R76.0, raised antibody titers, were R25.2, spasms and R26.9, abnormal
gait.
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Unbiased Analysis of Distinctive Clinical Characteristics

To identify clinical characteristics that may not be established a
priori, we utilized an unbiased ‘large data’ approach to identify dif-
ferences between SPS and non-SPS populations in CMS-5. The identi-
fied conditions with increased prevalence were defined by calculating
prevalence in SPS compared with the non-SPS population followed
by a Benjamini-Hochberg false discovery rate adjustment for multiple
comparisons, a statistical method widely applied in gene expression
analysis [24]. The list of identified conditions is provided in Table 5
with ICD-10 codes and annotation.16 Through this analysis, we ob-
served that those with SPS have higher rates of diagnoses in several
categories including auto-immune, endocrine, mental health, neuro-
logical, and gastrointestinal disorders, Table 5. Raised antibody ti-

ters, gait abnormalities, ataxia, and muscle spasms demonstrated the
highest risk ratio for SPS. In addition, SPS patients have high rates of
symptom-focused clinical coding events, including weakness, short-
ness of breath, fatigue, and headache. Identified comorbid conditions
included commonly recognized comorbidities such as low back pain,
depression, and anxiety, but also included conditions of obstructive
sleep apnea, nausea, and dysphagia. Variation in relative rates and
statistical significance is efficiently depicted using Volcano plots,
shown here in Figure 1B, visually identifying statistically significant
rates of diagnosis in SPS compared with non-SPS. Hierarchical anal-
ysis of conditions commonly co-diagnosed with SPS was performed
and demonstrated that spasms and abnormal gait were the diagnoses
most strongly associated with raised antibody titers in SPS, the rela-
tionships are illustrated in a dendrogram, Figure 1C.

Table 5: Phase 2: Frequencies and rates for SPS and Total populations from CMS-5 data for conditions identified through unbiased testing.

Significance determined utilizing Benjamini-Hochberg method, with P-value for difference of proportions, and risk ratios, sorted by risk ratio

from greatest to least. Total population is 1,557,061.

Condition (ICD-10 code) N, SPS %, SPS c/code N, non-SPS | %, non-SPS ¢/code P-value Risk ratio

Stiff-person syndrome (G25.82) 46 100.00% N/A

Raised antibody titer (R76.0) Supp. 17.39% 2529 0.16% 0.003 107.08

Ataxia, unspecified (R27.0) Supp. 10.87% 10896 0.70% 0.034 15.53

Other muscle spasm (M62.838) Supp. 17.39% 18928 1.22% 0.006 14.31

Unspec. protein-calorie malnutrition (E460) Supp. 10.87% 12133 0.78% 0.036 13.95
Restless legs syndrome (G25.81) Supp. 13.04% 22420 1.44% 0.026 9.06
Parkinson’s disease (G20) Supp. 13.04% 23069 1.48% 0.027 8.8

Unspec. Abnormalities gait and mobility (R26.9) Supp. 21.74% 41410 2.66% 0.003 8.17
Repeated falls (R29.6) Supp. 13.04% 25365 1.63% 0.028 8.01
Chronic pain syndrome (G89.4) Supp. 15.22% 35895 2.31% 0.02 6.6
Spondylosis s/ myel. or radic., Cerv. (M47.812) Supp. 15.22% 41826 2.69% 0.024 5.66
Dysphagia, unspecified (R13.10) Supp. 19.57% 55372 3.56% 0.009 5.5
Polyneuropathy, unspecified (G62.9) Supp. 15.22% 43645 2.80% 0.026 543
Abnormal weight loss (R63.4) Supp. 17.39% 50154 3.22% 0.016 54

Other specified soft tissue disorders (M79.89) Supp. 21.74% 64619 4.15% 0.006 5.24
Spondylosis s/myel. or radic., Lumbar (M47.816) Supp. 21.74% 67516 4.34% 0.007 5.01
Other malaise (R53.81) Supp. 17.39% 63363 4.07% 0.023 4.27

Muscle weakness (generalized) (M62.81) Supp. 21.74% 81737 5.25% 0.01 414
Weakness (R53.1) 16 34.78% 133309 8.56% 0 4.06

Syncope and collapse (R55) Supp. 19.57% 76072 4.89% 0.017 4

Altered mental status, unspecified (R41.82) Supp. 19.57% 76630 4.92% 0.017 3.98
Obstructive sleep apnea (G47.33) 11 23.91% 104922 6.74% 0.01 3.55
Headache (R51) Supp. 19.57% 86937 5.58% 0.023 35

Major depressive d/o, single ep., unspec. (F32.9) Supp. 21.74% 105519 6.78% 0.019 3.21
Anxiety disorder, unspecified (F41.9) Supp. 21.74% 114877 7.38% 0.025 2.95

Low back pain (M54.5) 17 36.96% 227370 14.60% 0.003 2.53
Other fatigue (R53.83) Supp. 28.26% 183292 11.77% 0.018 24

Note: P-values are calculated based on difference in proportions, values were ranked and selected using false-detection protocols [Benjamini, 1995]. Anno-
tation was generated using automated sorting of CDC annotation codes and verified manually [CDC, 2017]. The SPS population includes all those coded

with G25.82 in the 5% CMS sample population, see row 1.
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Case-By-Case Analysis with Provider Taxonomy

A case-by-case validation was performed in the older adults with
SPS (CMS-5 >= 65 y.0.) by linking provider taxonomic classification
through an NPI look-up table. We found that 13 of 48 older adults
received a coded diagnosis of SPS (G25.82) in the primary position
by neurologists; of these 8 were also diagnosed with raised antibody
titers (R76.0), Table 6. The age and gender characteristics of those di-
agnosed with SPS as a primary diagnosis by a neurologist are report-

ed in Table 3. The remainder included 10 older adults with SPS as a
primary diagnosis claimed by non-neurologist providers; 20 with SPS
as a secondary diagnosis by non-neurologist providers; and 5 others.
None of those with either primary or secondary diagnosis of SPS by
non-neurologist providers (in the absence of neurological primary
or secondary diagnosis) were diagnosed with raised antibody titers,
suggesting a strong linkage between neurologist diagnosis of SPS and
appraisal of antibody titers.

Table 6: Taxonomy, coding position of SPS diagnosis, and documentation of a raised antibody titer.

Taxonomy of Clinician submitting code ICD-10 code in primary position Total with SPS diagnosis Total with R76.0 diagnosis
Neurologist Yes 13 8
Neurologist No? <5 0
Rheumatologist or Endocrinologist Yes <5 <5
Rheumatologist or Endocrinologist No 0 0
Internal medicine or other medical' Yes 10 0
Internal medicine or other medical’ No? 20 0

Note: 1) Other medical clinicians had taxonomic classifications from family medicine, emergency medicine, acute and critical care medicine, and pulmo-
nary medicine. 2) Other primary diagnoses included G20, Parkinsons disease; G80.1, Spastic diplegic cerebral palsy; M54.17, Lumbosacral radiculopathy;
C71.9, Unspecified malignant brain neoplasm; M06.9, Unspecified rheumatoid arthritis.”

Discussion

This study applies multiple approaches to estimate the preva-
lence of SPS diagnosis and appraise commonly comorbid conditions
and symptoms. We observed diagnostic prevalence 3/100,000 in a
large, diverse population indicating that SPS is diagnosed infrequent-
ly. Using taxonomic analysis, we observed that 13 of 48 older adults
diagnosed with SPS had the diagnosis recorded by a neurologist and
located in the primary diagnostic position. This would mean that neu-
rological diagnostic prevalence is estimated here to be 8 per million;
restricting the diagnosis further to those both diagnosed with SPS by
a neurologist as a primary condition and with diagnosed raised anti-
body titers, would further lower the estimate to 5 per million. Deter-
mining the prevalence of a rare condition is challenging and there is
potential for both over and under estimation. We acknowledge that
many of the providers filing claims with the ICD-10 code for SPS were
unlikely to possess expert knowledge of this condition, suggesting
possible over-diagnosis. By contrast, SPS is thought to be so rare that
many professionals will not recognize it when they see it, suggest-
ing possible under-diagnosis. Galli and colleagues used a stringent
approach to identifying database records that had a high degree of
probability for SPS.13 Excluding 63 of 78 records identified, they esti-
mated point prevalence for GAD65Ab-associated SPS as 2.06/million.

An important limitation of that study was that the reference pop-
ulation had profound male predominance; if SPS is female predom-
inant, this could bias towards underestimation.27 In addition, that
population had a broad age distribution, given that onset of SPS typi-
cally occurs in the mid-40s, this would also contribute to under-esti-

mation relevant to the at-risk population. The clinical and research di-
agnostic challenges pertaining to SPS are substantive; limiting study
to increased GAD65Abs per se does not ensure diagnosis of SPS, as
patients with type 1 diabetes often have increased GAD65Abs and are
far more prevalent and potentially overlapping [3,10]. The prevalence
of low-titer GAD65 antibodies is relatively high in the general popu-
lation, and for these reasons, low-titer levels of antibodies should not
be used as pathognomonic of SPS, and caution is warranted. Criteria
must recognize uncertainty and inaccuracy in diagnosis, e.g. SPS mim-
ics; the cumulative nature of the coding data result in the persistence
of imprecise, tentative, and rejected diagnoses; and possible failure to
distinguish GAD-associated SPS from GAD-associated cerebellar atax-
ia. Knowledge of key SPS features as highlighted in this work may aid
clinicians in coding SPS only when appropriate.

This report also provides new Bayesian estimates of comorbid
conditions, common symptoms, and neurological signs. We utilized
two distinctive approaches to analyzing data applied separately: a
traditional a priori approach and an unbiased ‘large data’ approach.
The results of these approaches were complimentary and together
provide a detailed profile of SPS. We identified increased prevalence
of weight loss, weakness, and OSA along with a more comprehensive
and detailed characterization of known symptoms and comorbidities
such as low back pain, neck pain, headache, depression, anxiety, hypo-
thyroidism, dyspnea, and epilepsy. To some extent, SPS features have
been described phenomenologically over several years of clinical
study [1-13] By combining directed and unbiased search methodolo-
gies we observe that while SPS produces high rates of muscle spasms
and pain, especially in the axial musculature, headache was preva-
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lent as well. Neurological signs associated with SPS were confirmed
through targeted searching and showed increased rates of abnormal
reflexes, meningismus, abnormal gait, and repeated falls.

In short, this appraisal of older adults with SPS used popula-
tion-level Medicare records to construct a clinical portrait that ex-
tends prior studies and yield useful detail regarding co-morbid con-
ditions and associated clinical symptoms. The finding that weight
loss, OSA, and dysphagia occurred at increased rates in the older SPS
patients compared to the unaffected older adults indicates that respi-
ratory and digestive functions may need to be addressed to improve
quality of life and avoid compounding morbidity in patients with SPS.
These findings are not contrary to known features of SPS: co-contrac-
tion of agonist and antagonist muscles is a prominent electrophysio-
logical finding in SPS and a systematic assessment study conducted
at NIH found that many exhibited breathing problems and rigidity of
the abdominal wall as well as expected lumbar muscle spasms, glob-
al stiffness, and frequent falls [5,7,9,11]. Limitations of this study in-
clude the extent of data available through records of the Centers for
Medicare Services, these are constrained to diagnostic coding, site-of-
care, and demographic features of disease in this study. The nature of
International Classification of Disease (ICD) coding data as a research
tool has been not without controversy and certainly earlier versions
functioned as administrative.14 With the widespread adoption of
electronic health records and the engagement of physicians and other
clinicians in code development, ICD-10 codes are qualitative different
from prior versions [15,16].

Diagnostic coding is now widely integral to clinical thought and
practice: used to communicate diagnostic reasoning, qualify patients
for tests and treatments, and ensure that practice quality metrics
are attained, as envisioned by the World Health Organization [28].
Research methods to learn from this data are advancing [14,26,29].
Nonetheless, ICD coding remains limited by both the skill and engage-
ment of the diagnosing provider and electronic health record factors.
Although the sensitivity and specificity of ICD-10 codes for rare and
common diseases is critically important to a study of this nature, liter-
ature on this topicis limited. The existing literature on U.S.ICD-10 val-
idation is especially sparse because conversion to the ICD-10 system
was only finalized in late 2016. Nonetheless, international research
literature indicates that although sensitivity is moderate, it is general-
ly in the acceptable range; specificity is almost universally very high,
approaching 99% for most conditions [30]. Technically, sensitivity
here is very high as a consequence of rare prevalence, it is notable
that the positive predictive value of SPS diagnosis may warrant fur-
ther study. SPS diagnosis remains grounded in clinical discernment of
signs and symptoms, augmented by diagnostic testing, e.g., markedly
elevated GAD65 antibodies. [5,7,10].

Given the role of elevated GAD65 auto-antibodies in autoimmune
SPS, our finding that a minority older adults with ICD-10 coding for
SPS were also diagnosed with elevated antibody titer, suggests that
raising awareness of antibody testing for SPS and the critical impor-

tance of identifying marked elevation in contrast to moderate eleva-
tions typical of diabetes, may improve clinical practice.3,5 Most antic-
ipated observations in this study were consistent with prior studies,
however one important exception was noted [2,3]. SPS patients have
high rates of diabetes but this was not identified by our unbiased
Phase 2 search strategy. Close examination of individual claims data
led us to observe that multiple distinct diabetes codes were used by
providers. This may be a consequence of regional variation in coding
as these patients are geographically dispersed. By contrast, weakness
is a feature that has not been prominently described previously, but
which may be important.

Conclusion

SPS affects adults even in later life and is rarely diagnosed. Unbi-
ased analysis suggests muscle spasms, abnormal gait and raised anti-
body titers are key features. Clinical features may include obstructive
sleep apnea, weakness, and dysphagia. We conclude that improved
recognition of core SPS features, and additional study are both need-
ed. In conclusion, stiff-person syndrome is diagnosed in U.S. older
adults at a rate of 3 per 100,000 but this is limited to 8 per million
for those diagnosed by neurologists as a primary claim diagnosis.
SPS is principally a rare neuro-immunological condition associated
with severe muscle spasms, disabling gait disturbance, and markedly
raised antibodies to GAD65. The syndrome may variably include pain,
respiratory and gastrointestinal compromise, depression, anxiety, di-
abetes, hypothyroidism, weakness, and cognitive changes. Multimor-
bidity likely contributes to increased hospitalization and patients typ-
ically require expert care. Improved recognition of core features will
advance more rapid and precise SPS diagnosis, whereas recognition
of the broader disease phenotype may further optimize clinical care
for this complex disabling and painful condition.
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