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Abstract

Background and Objectives

Sporadic inclusion body myositis (IBM) is the most common acquired myopathy in individuals
older than 50 years. The disorder is slowly progressive, and although many therapies have been
investigated, response has generally been poor. Clinical heterogeneity may influence treatment
responsiveness; however, data regarding heterogeneity in IBM are limited and often conflicting.
We aim to identify clinically distinct subgroups within a large IBM cohort and prognostic
factors for disease progression.

Methods

Clinical, histologic, radiologic, and electrophysiologic data were analyzed for all patients with
IBM and other forms of myositis enrolled in a longitudinal cohort from The Johns Hopkins
Myositis Center from 2003 to 2018. Patients with IBM were included if they met at least one of
the following criteria: Griggs possible, European Neuromuscular Centre 2011 probable, or
Lloyd-Greenberg data-derived criteria for IBM. Univariate, multivariate, and graphical analyses
were used to identify prognostic factors in patients with IBM. Thus, linear and logistic re-
gressions were used to adjust for potential confounding variables. The evolution of creatine
kinase and muscle strength was studied using multilevel linear regression models. Non-
modifiable risk factors (sex, race, disease duration, and age at the onset of first symptoms) were
used as adjusting covariates for the regression analyses.

Results

Among the 335 patients meeting the inclusion criteria for IBM, 64% were male with an average
age of disease onset of 58.7 years and delay to diagnosis of 5.2 years. Initial misdiagnosis (52%)
and immunosuppressant treatment (42%) were common. Less than half (43%) of muscle
biopsies demonstrated all 3 pathologic hallmarks: endomysial inflammation, mononuclear cell
invasion, and rimmed vacuoles. Black patients had significantly weaker arm abductors, hip
flexors, and knee flexors compared with non-Black patients. Female patients had stronger finger
flexors and knee extensors compared with their male counterparts. Younger age (<50 years) at
onset was not associated with increased weakness.

Discussion

Our study demonstrates that female and Black patients have distinct clinical phenotypes and
trajectories within the overarching IBM clinical phenotype. These subgroups may have different
responses to therapies, which may influence the design of future clinical trials in IBM.
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Glossary

AS = antisynthetase syndrome; CK = creatine kinase; DDC = data-derived criteria; DM = dermatomyositis; ENMC = European
Neuromuscular Centre; IBM = inclusion body myositis; IMNM = immune-mediated necrotizing myopathy; JH = Johns

Hopkins; SNAP = sensory nerve action potential.

Sporadic inclusion body myositis (IBM) is the most common
acquired myopathy among individuals older than S0 years.
Gradual progression of muscle weakness and atrophy, particu-
larly of the finger flexors and quadriceps muscles, and muscle
biopsies showing endomysial inflammation with auto-invasive
T-cells and rimmed vacuoles are hallmarks of the disease. Al-
though there is evidence for dysregulation of the immune system
in IBM, multiple trials of immunosuppressive agents have failed
to show a benefit."> Both degenerative and neoplastic processes
have been suggested as alternative mechanisms.®’

Since the initial description of IBM in 1971, multiple cohort
studies have examined the clinical symptoms and course of this
disorder.*'® Although these studies have described a consistent
pattern of weakness with prominent involvement of the finger
flexors and knee extensors, there is evidence of substantial vari-
ability both within and between studies with regards to pre-
sentation, clinical progression, and accumulation of disability.
Although the average age at onset across these studies is 59 years,
onset as young as 28 years has been reported,” and some studies
have reported that 17%-20% of patients have symptom onset at
<50 years.>'® Onset of weakness in the lower extremities was
most common; however, onset in the upper extremities was
reported in 10%-20% of patients and onset in the bulbar muscles
in 5%-10% of patients. About half of patients developed dys-
phagia during their disease course, and there was considerable
variability in the progression of weakness in other skeletal muscles
both between muscle groups and among individual patients.

Most patients eventually required the use of an assistive de-
vice for ambulation; however, there was a wide range in the
time from diagnosis to the need for an assistive device (range
6-16 years). Data on mortality were mixed, with some studies
showing increased mortality in patients with IBM, often re-
lated to respiratory causes, 1®
no effect of IBM on mortality

whereas others demonstrated
11,12

Data on prognostic factors have likewise been limited and often
conflicting. Several studies have shown a more rapid functional
decline in patients with older age at onset.”""'* However, others
found mixed results'>'® or no correlation between age at onset
and progression of weakness,"* and 1 study reported a more rapid
decline in pinch strength among individuals with a younger age at
onset."> A more rapid decline in pinch and knee extensor strength
has been reported in males; however, sex was not found to have an
association with strength decline in other studies.">"* The pres-
ence of anti-NTSclA autoantibodies has also been reported as a
poor prognostic factor in some studies,">*° although in others, no
correlation was seen between seropositivity and prognosis.”"**
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There are also limited data on the effect of racial or ethnic
background in IBM. Non-White patients have been un-
derrepresented in IBM cohort studies. Of 17 IBM cohort
studies,®'®**3% only 5 report on the racial or ethnic makeup
of their patient population.'>'*'***3° Of these, only a single
study specifically reported the inclusion of Black patients.'®
One additional study reported that 4.5% of patients were
non-White but did not specify further.® Studies assessing the
effect of racial or ethnic background in other forms of auto-
immune myositis have demonstrated that Black race is asso-
ciated with increased muscle weakness,>" increased severity of
interstitial lung disease,”* and increased morbidity and poor
overall outcomes, including survival.*>** We hypothesize that
racial/ethnic background may also influence clinical pheno-
types and progression in IBM.

These studies suggest that IBM is a much more heteroge-
neous condition than has previously been considered. A larger
study of IBM is important to identify distinct subgroups of
patients with IBM and the prognostic factors that may in-
fluence their clinical trajectory. Such information can better
inform patients about their expected disease course and can
influence the design of clinical trials. We conducted a pro-
spective longitudinal cohort study of 335 patients with
IBM followed at the Johns Hopkins (JH) Myositis Center
to identify IBM subgroups and their associated prognostic
indicators.

Methods

Patients

The JH Myositis Center is a tertiary care referral center with a
catchment area inclusive of the United States but concentrated
in the mid-Atlantic region. All patients who provided informed
consent to be enrolled in the JH Myositis Center Registry
between 2003 and 2018 with a diagnosis of sporadic IBM were
reviewed. All patients were evaluated by a JH Myositis Center
physician. Those meeting at least one of the following criteria
were included for analysis: Griggs possible, European Neuro-
muscular Centre (ENMC) 2011 probable, or Lloyd-Greenberg
data-derived criteria (DDC) for IBM.>**” We included as
comparators all those myositis patients that were positive
for autoantibodies recognizing Mi-2, NXP-2, TIF1-y, MDA-S,
Jo-1, PL-7, PL-12, SRP, or HMGCR by at least 2 different
techniques from among the following: ELISA, immunopre-
cipitation of in vitro transcribed and translated protein, line
blotting (EUROLINE myositis profile), and immunoprecipi-
tation from S3S-labeled HeLa cell lysates (S35 immunopre-
cipitation). Comparators were included in the dermatomyositis
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Figure 1 Overlap of Diagnostic Criteria in a Large IBM Cohort
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Venn diagram showing the overlap of diagnostic criteria met by each of the
335 patients with IBM studied in this cohort. DDC = data-derived criteria
(also referred to as Lloyd-Greenberg criteria); ENMC = European Neuro-
muscular Centre 2011 probable IBM diagnostic criteria; GRIGGS = Griggs
possible diagnostic criteria; IBM = inclusion body myositis.

(DM) group if they had autoantibodies recognizing Mi-2,
NXP-2, TIF1-y, or MDA-S. Alternatively, patients were clas-
sified as having antisynthetase syndrome (AS) if they had au-
toantibodies against Jo-1, PL-7, or PL-12. Patients were
included in the immune-mediated necrotizing myopathy
(IMNM) group if they tested positive for anti-SRP or anti-
HMGCR autoantibodies.*® Patient sex and race/ethnicity were
self-reported.

Investigations

All clinical assessments were performed by either a JH Myositis
Center physician or another neuromuscular specialist at The
JH University. Disease onset was defined as the time of onset of
the initial symptom (presenting symptom) leading to a di-
agnosis of IBM. Date of diagnosis was defined as the date the
diagnosis of IBM was made by a treating physician. Dates were
derived as patient reported or as otherwise noted in the medical
record. If a specific date (MM/DD/YYYY) of onset or di-
agnosis was not available, the midpoint of the specified month
or year was selected for the purposes of statistical analysis. Time
to diagnosis was defined as the time interval between disease
onset and IBM diagnosis date. Disease duration to first visit was
defined as the time interval between disease onset and first visit
to the JH Myositis Center. Initial symptoms and initial di-
agnoses other than IBM were derived as patient reported or as
otherwise noted in the medical record.

Manual muscle testing was recorded using the Medical Research
Council scale and converted to a 10-point Kendall scale for
analysis. Muscle strength for each muscle group was reported as
the average of the right and left measurements for each patient at
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each time point. The presence of dysphagia was assessed
throughout the study based on patient report of symptoms. Sera
from a subset of patients with IBM were tested for anti-NTScl1A
antibodies by ELISA (ELISA MUP-44 [NTSclA] Catalog
#1675-4801 G). Only electrodiagnostic studies performed at JH
by an experienced electromyographer were included in this study.
Conventional techniques were used, and JH electrodiagnostic
laboratory normal values were used for analysis. The presence of
sensory peripheral neuropathy was defined as a sural sensory
nerve action potential (SNAP) amplitude of <9 V. Muscle bi-
opsy reports from both JH and outside institutions were in-
cluded. Reports were reviewed by JH Myositis Center physicians
and considered sufficient for diagnostic purposes if cardinal IBM
histopathologic features were assessed. A subset of reports con-
taining more detailed histopathologic descriptions was included
for further analysis.

Statistics

Dichotomous variables were expressed as percentages and
absolute frequencies, and continuous features were reported
as means and SD. Pairwise comparisons for categorical vari-
ables between groups were made using the X2 test or Fisher
exact test, as appropriate. The Student f test was used to
compare continuous variables among groups. Creatine kinase
(CK), a highly positively skewed variable, was expressed as
median, first, and third quartile for descriptive purposes.
Linear and logistic regressions were used to adjust for po-
tential confounding variables.

Indirect standardization was used to compare mortality in
patients with IBM compared with the general population as
described elsewhere.”"** In short, mortality incidence by age
and sex groups was compared with the general population
using indirect standardization based on the 1999-2014
Compressed Mortality File (wonder.cdc.gov/).

To account for the different number of visits per patient, the
evolution of CK levels and muscle strength was studied using
multilevel linear regression models with random slopes and
random intercepts. We analyzed 2 models for each dependent
variable, a simplified model excluding the interaction with
time, and a more complex model including the interaction
with time. Nonmodifiable risk factors (sex, race, disease du-
ration, and age at the onset of first symptoms) were used as
adjusting covariates for the multivariate analysis. Generalized
additive models were applied to graphically analyze the lon-
gitudinal changes in strength and CK levels. All statistical
analyses were performed using Stata/MP 14.1, and R v.4.0.3.
A 2-sided p-value of 0.05 or less was considered significant
with no correction for multiple comparisons.

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by an institutional review board at
The JH Hospital. Written informed consent was obtained
from all participants at the time of their enrollment in the JH
Myositis Center Registry.
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Figure 2 Evolution of Strength in IBM Compared With Other Types of Autoimmune Myositis Using Generalized
Additive Models
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Generalized additive models (GAMs) were applied to graphically analyze the longitudinal changes in strength observed for different subtypes of idiopathic inflammatory
myopathy. Only measurements after 2 years from onset are shown due to the low number of datapoints for patients with IBM. IBM = inclusion body myositis.

Data Availability

Deidentified data, study protocol, and statistical analysis plan will
be made available in the case of a reasonable request, providing
that the proposed use of the data has been approved by an
independent review committee and that investigators meet The
JH University policies for data sharing and management.

Results
Patient Characteristics

Clinical Criteria

Within the JH Myositis Center Registry, a total of 387 patients
were identified with a listed diagnosis of IBM. Of these, 335
met at least Griggs possible, ENMC probable, or DDC for
IBM and were included in the subsequent analysis. Only a
small percentage of patients with IBM met either Griggs

Neurology.org/N

definite (2%) or ENMC clinicopathologically defined (1%)
criteria (eTable 1, linksIww.com/WNL/C609). This was
primarily due to the lack of electron microscopy and evalua-
tion for protein accumulations other than amyloid in routine
muscle biopsy assessments. Nearly half of patients (46%) met
the criteria for Griggs, ENMC, and DDC, with 16% meeting
only ENMC criteria, 15% meeting only DDC, and 16%
meeting both ENMC and DDC (Figure 1).

An additional 524 patients with other forms of autoimmune
myositis were identified as a comparator group. These in-
cluded 16S patients with IMNM, 199 patients with DM, and
160 patients with AS.

IBM Clinical Characteristics
Baseline clinical information for the overall cohort is sum-
marized in eTable 2, links.lww.com/WNL/C609. Patients
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Figure 3 Cardinal IBM Muscle Biopsy Features
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Venn diagram showing the distribution of pathologic features seen among patients with IBM in this cohort. COXNEG = cytochrome oxidase-negative fibers; ENDOMYS
= endomysial inflammation; IBM = inclusion body myositis; MONONUCL = mononuclear cell invasion of non-necrotic myocytes; RIMMED = rimmed vacuoles.

with IBM had a mean follow-up period of 2.3 years, with a
mean of 4.2 visits per patient. Sixty-five percent of patients
with IBM had more than 1 visit. Compared with other
types of myositis, IBM was more common in male (64%, p
< 0.001), White (84%, p < 0.001), and older patients
(median age at onset 58.7, p < 0.001). The average time to
diagnosis for IBM was longer than for other myositis
groups (5.2 years, p < 0.001). Only 4% of patients with
IBM reported dysphagia as a presenting symptom, which
was less than IMNM (19%, p < 0.001) or DM (19%, p <
0.001). However, 60% developed symptoms of dysphagia
during the course of their illness, which was significantly
higher compared with patients with IMNM (45%, p =
0.007) or the AS (38%, p < 0.001) but not DM (53%, p =
0.99). A considerable number of patients (42%) were
treated with immunosuppressive agents, although this was
lower than any other type of myositis (p < 0.001) in our
study. Corticosteroids and methotrexate were the most
common agents used. Compared with the other clinical
groups, the overall mortality rate was higher in IBM than in
IMNM; however, there were no significant differences in
mortality between IBM and the general population
(standardized mortality ratio 1.15, 95% CI 0.71-1.75).

Compared with patients with other types of myositis, those
with IBM had more severe finger flexor and knee extensor
weakness (eTable 3, links.lww.com/WNL/C609), showing a
steady decline (about 0.33 Kendall scale strength points per
year) in these 2 muscle groups during the evolution of their
disease (Figure 2). In contrast, hip flexors and arm abductors
tended to be stronger in IBM than in IMNM during the first
10 years after the onset of the disease (Figure 2).
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Over half of patients with IBM received an initial diagnosis
other than IBM (eTable 4, links.Iww.com/WNL/C609). The
most common misdiagnoses were polymyositis (22%) and
unspecified myopathy (13%). Patients with initial misdiag-
noses were more likely to be female and to have a younger age
at disease onset. Finger flexor weakness and rimmed vacuoles
on muscle biopsy were less common in this group. Those with
an initial diagnosis of polymyositis were more likely to be
ANA positive compared with those initially diagnosed with
IBM (50% vs 31%, p = 0.04).

IBM Ancillary Testing

The average duration of disease at the time of muscle biopsy
was 5.5 years. The combination of endomysial inflammation,
invasion of non-necrotic fibers, and rimmed vacuoles was seen
in 43% of biopsies. An additional 41% contained at least 2 of
these cardinal features, and 34% did not show rimmed vacu-
oles (Figure 3). The quadriceps muscle was the most com-
mon muscle selected for biopsy. The location of the muscle
biopsy did not influence the number of pathologic features
present, except for the more common presence of cytochrome
oxidase-negative fibers in the biceps (82%) or deltoid (83%)
muscles compared with the quadriceps (47%).

Electrodiagnostic data were available for 285 (85%) patients
with IBM (eTable S, links.lww.com/WNL/C609). Myo-
pathic motor unit action potentials (small duration and small
amplitude) were seen in nearly all patients, with 44% also
showing neurogenic units (large duration and large ampli-
tude). Abnormal sural SNAP amplitudes (<9 pV) were pre-
sent in 31% of patients with IBM compared with 24% of
patients with other forms of myositis. Multivariate analysis

Neurology.org/N
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Table 1 IBM Characteristics by Race Grouping

Table 1 IBM Characteristics by Race Grouping (continued)

Other Other
White Black Races White Black Races
(n=280) (n=29) (n=26) (n =280) (n=29) (n=26)
Sex, female 36% (102) 48% (14)  23% (6) Mixed units 43% (100) 20% (5% 47% (9)
Mean age at symptom onset (yr) 59.0 (9.9) 55.6(84) 59.2(9.7) Sural SNAP <9 pV 31% (88) 34% (10)  19% (5)
Mean time to diagnosis (yr) 5.4(4.5) 5.0(4.7) 38(37) Abbreviations: ANA = antinucleqr antibody; CK = creatine kinase; IBM =in-
Mean dis_e:'-)se duration at the 6.8 (5.4) 4.8 (4.4) 6.3 (4.3) El}zzlsog}li)?iy &fslifel:;gr; Q/Q'SQ%EZ%%ZL;!Q&:TSCM = 5/nucleotidase,
first JH visit (yr) *p <0.05, **p < 0.01, and ***p < 0.001.
@Kendall scale.
Initial diagnosis
IBM 48% (127)  45% (13)  59% (13)
" suggested that this difference may be accounted for by the
Polymyositis 21% (55) 41% (12)**  14% (3) i K i
older age of patients with IBM at the time of EMG. We
Immunosuppressant therapy replicated the analysis decreasing the cutoft to sural <4 pV as
Any immunosuppressant 40% (111)  62% (18)  42% (11) recommended in practice guidelines,® and this conclusion
agent remained unchanged. The median CK in our IBM cohort
Corticosteroids 32% (89) 550 (16 31% (8) was 426 IU/L with a QI1-Q3 range of 230-707 IU/L. A
positive ANA was found in 40% of patients tested (n = 199).
* *
Methotrexate 16% (44) 34%(10" - 23%(6) Testing for the anti-NTSclA autoantibody was performed
Azathioprine 4% (12)* 17% (5% 8% (2) by ELISA for 320 patients with IBM. Forty-seven percent
Mycophenolate S 10% () P were positive for this autoantibody.
IVIG 7% (19)* 21% (6)* 12% (3) IBM Heterogeneity
Mean muscle strength at the
first visit? Race
- Compared with other races, Black patients with IBM had
Arm abduction 9.3(1.5) 8.7 (2.3)* 9.2(1.7) L i
a similar age at symptom onset and duration of symptoms at
Elbow flexion 9.0(1.4) 8.7(20)  88(17) the first visit. Black patients had significantly weaker arm
Elbow extension 8.2(1.5) 82(21)  7.6(24) abductors, hip flexors, and knee flexors (Table 1, eFigure 1,
- - links.Iww.com/WNL/C609) at the first JH Myositis Center
Wrist flexion 82018 /823 783 visit. They were less likely to report dysphagia during their
Wrist extension 9.2(1.7) 89(21)  9.0(24) disease course (45%) compared with non-Black patients
o . .
Finger flexion 58 (3.0) 5925  48G1) (61%, p = 0.05). Black patients were more likely to have been
misdiagnosed with polymyositis and treated with immuno-
Finger extension 8.8(1.9) 8.5(2.3) 89(1.8) suppressive agents. The median CK was higher in this group
Hip flexion 7.9(227%*%  6.13.8)*** 7.5(3.1) (676 IU/L, Q1-Q3 range 496-1,035 IU/L), and neuropathic
Koo flexi 03013 8207 92017) motor units were less commonly observed in electro-
nee riexion . . . . . .
diagnostic studies (20%). Anti-NTSclA autoantibodies
Knee extension 7.0 3.00* 5934 6029 were more commonly detected among Black patients (68%,
Ankle dorsiflexion 8.4 (2.5)* 7336¢ 75(.1) p=0.02). There was no difference in muscle biopsy features
across races.
Ankle plantar flexion 9.3(1.9) 8.1 (3.3** 9.7(1.1)
Serologies Multilevel regression models (independent of all the
Median CK (IU/L) 410 6/6(4%6 380 above-menthned potential confgundlng factors) con-
(218-684)¢  -1,035)*** (269-610) firmed that, independent of the time from onset, Black
" patients had more severe weakness of hip flexors (-2.1
NT5c1A positive 44% (119) 68% (19)*  46% (11) .
strength points, p < 0.001), arm abductors (—0.6 strength
ANA (+) 40% (68) 44%@8)  23%(3) points, p = 0.02), and knee extensors (—1.3 strength points,
Electrodiagnostic studies p = 0.02) and had a trend toward weaker finger flexor
muscles (—1.1 strength points, p = 0.06). Analyzing the
i ili 0 0 0y
Irritability 85% (202) 2% (23) 9% (18) slope and the intercept of the multilevel regression model
Myopathic units 92% (217) 96% (24)  95% (18) separately, hip flexor strength declined at a similar rate in
Neurogenic units 46% (108)  20% (5 47%(9) Black and non-Black patients (p = 0.7), and there was a
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more rapid decline in arm abduction (p = 0.05) and knee
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Table 2 IBM Characteristics by Sex Grouping

Table 2 IBM Characteristics by Sex Grouping (continued)

first JH visit (yr)

Initial diagnosis

IBM 55% (110)** 37% (43)**
Polymyositis 17% (34)** 31% (36)**
Immunosuppressant
therapy

Any immunosuppressant agent

Corticosteroids

30% (63)* 41% (50)*

Methotrexate 15% (33) 22% (27)
Azathioprine 6% (12) 6% (7)
Mycophenolate 4% (9) 7% (9)
IVIG 8% (17) 9% (11)
Mean muscle strength at the

first visit®
Arm abduction 9.3(1.7) 9.2(1.4)
Elbow flexion 9.0 (1.5) 8.8 (1.5)
Elbow extension 8.1 (1.7) 8.2 (1.6)
Wrist flexion 8.3 (1.7)* 7.8 (2.1)*
Wrist extension 9.2 (1.8) 9.0 (1.7)
Finger flexion 5.5(3.1) 6.1(2.7)
Finger extension 8.9(1.9) 8.8(1.9)
Hip flexion 7.7 (2.5) 7.7 (2.4)
Knee flexion 9.2 (1.6) 9.2(1.4)
Knee extension 6.6 (3.2)* 7.4 (2.6)*
Ankle dorsiflexion 8.1(2.6) 8.4(2.7)
Ankle plantar flexion 9.3(2.0) 9.1(2.2)

Serologies

Median CK (IU/L)

467 (281-770)¥** 326 (174-522)%**

NT5c1A positive

48% (96) 45% (53)

ANA (+)

34% (41) 48% (38)

Electrodiagnostic studies

Irritability 92% (166)*** 76% (77)%**
Myopathic units 94% (169) 90% (90)
Neurogenic units 47% (83) 39% (39)
Mixed units 44% (78) 36% (36)

Neurology | Volume 100, Number 13 | March 28, 2023

Male Female Male Female
(n=213) (n=122) (n=213) (n=122)
Mean age at symptom 59.2 (10.1) 58.0(9.1) Sural SNAP <9 pv 32% (69) 28% (34)
onset (yr)
. . . Abbreviations: CK = creatine kinase; NT5c1A = 5'nucleotidase, cytosolic 1A;
*k * % ’ 4 ,
Mean time to diagnosis (yr) 4.7(4.2) 6.2(4.8) ANA = antinuclear antibody; SNAP = sensory nerve action potential; IBM =
inclusion body myositis; IVIG = IV immunoglobulin.
Mean disease duration at the 6.2 (5.2) 7.3(5.4) y g

*p <0.05, **p < 0.01, and ***p < 0.001.
2 Kendall scale.

extensor (p = 0.03) strength in Black patients (eTable 6,
links.lww.com/WNL/C609). It also confirmed that Black
patients with IBM have higher CK levels (p = 0.001)
compared with non-Black patients with IBM; however, this
difference was not greater than that between Black and
non-Black patients with other types of myositis (p > 0.05).
Logistic regression showed that Black patients had lower
odds of developing dysphagia (OR 0.4, p = 0.05).

Female Sex

Females had a longer time to diagnosis and were more likely
to have been misdiagnosed with polymyositis than males
(Table 2). Corticosteroid use was more common in females,
although overall use of immunosuppressants did not differ
between the sexes. Strength profiles showed that females had
stronger knee extensors (p = 0.003) and a trend toward
having stronger finger flexors (p = 0.06) (Figure 4). Females
were more likely to develop dysphagia during their disease
course (69%) compared with their male counterparts (55%,
p =0.02). Myopathic units were equally common between the
sexes, although females tended to have less abnormal spon-
taneous activity on EMG.

Multilevel regression models confirmed that, independent of the
time from onset, females had stronger finger flexors (0.8 strength
points, p = 0.02) and knee extensor muscles (0.9 strength points,
p = 0.009) with no significant difference in hip flexor or arm
abductor strength (both p > 0.05). Analyzing the slope and the
intercept of the multilevel regression model separately, finger
flexor (p = 0.003) and knee extensor (p = 0.05) strength declined
more slowly in females (eTable 6, links.lww.com/WNL/C609).
CK was lower in female patients with IBM compared with male
patients with IBM (p = 0.02); however, this difference was not
greater than that between female and male patients with other
types of myositis (p > 0.05). Logistic regression showed that
females developed dysphagia more frequently than males
(OR 1.8, p = 0.02).

Age at Onset

Patients with a younger age at onset had a longer time to
diagnosis and time to referral to the JH Myositis Center.
Those with onset at <50 years of age were also more likely
to be initially misdiagnosed with polymyositis and treated
with immunosuppressive therapy, especially methotrexate,
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Figure 4 Evolution of Strength in IBM According to Sex Using Generalized Additive Models
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Generalized additive models (GAMs) were applied to graphically analyze the longitudinal changes in strength observed for males vs females. IBM = inclusion

body myositis.

mycophenolate, and IV immunoglobulin. Muscle biopsy
features did not differ between the age groups, although
patients with a younger age at onset had a significantly
longer disease duration at the time of biopsy, 7.3 years for
the <50 age group vs 2.9 years for the >70 age group.

On univariate analysis, younger-onset patients had a more
severe and diffuse pattern of weakness at the first visit, in-
cluding more profound proximal weakness (Table 3, eFigure 2,
links.lww.com/WNL/C609). However, multivariate regression
models demonstrated that this difference was driven by the
longer disease duration at the first visit in the younger-onset age
group. Older age at onset was associated with lower CK levels
than expected for the 2 independent effects (having IBM and
being older) (p = 0.01). Logistic regression showed that there
was no association between the prevalence of dysphagia and the
age at onset, but there was a strong association between older age
at onset and abnormal sural SNAP amplitudes (p < 0.001).
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NT5c1A Status

Anti-NTSclA-positive patients had higher median CK levels,
but antibody status did not otherwise influence clinical
characteristics, the pattern of weakness, muscle biopsy fea-
tures, or electrodiagnostic findings.

Discussion

This study demonstrates that Black and female patients with
IBM differ from their White, male counterparts with respect
to both pattern and progression of weakness. Although both
Black and female patients demonstrated an overall pattern of
weakness consistent with that typically seen in IBM, Black
patients had significantly weaker proximal muscles, and fe-
male patients had less prominent knee extension and finger
flexion weakness. Black patients exhibited more rapid de-
velopment of weakness in arm abductors and knee extensors.
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Table 3 IBM Characteristics by Age at Onset Grouping

<50y (n = 66) 50-61y (n=117) 61-70y (n = 102) >70y (n =50)
Sex, male 64% (42) 56% (65)* 69% (70) 72% (36)
Mean age at symptom onset (yr) 44.8 (4.9)%** 55.7 (2.8)*** 64.3 (2.8)*** 74.0 (3.3)%**
Mean time to diagnosis (yr) 7.5 (5.7)*** 5.8 (4.6) 4.4 (3.3)* 2.5 (1.9)%**
Mean disease duration at the first visit (yr) 9.2 (7.1)%** 7.4 (5.2) 5.6 (3.5)* 2.9 (2.0)***
Initial diagnosis
IBM 34% (22)** 51% (54) 52% (51) 55% (26)
Polymyositis 34% (22)* 22% (23) 20% (20) 11% (5)*
Immunosuppressant therapy
Any immunosuppressant agent 55% (36)* 41% (48) 37% (38) 36% (18)
Corticosteroids 44% (29) 31% (36) 31% (32) 32% (16)
Methotrexate 27% (18)* 17% (20) 14% (14) 16% (8)
Azathioprine 11% (7) 6% (7) 4% (4) 2% (1)
Mycophenolate 14% (9)** 4% (5) 4% (4) 0% (0)
IViGg 15% (10)* 12% (14) 4% (4) 0% (0)
Mean muscle strength at the first visit®
Arm abduction 8.5 (2.5)*** 9.3 (1.4) 9.5(1.0) 9.6 (0.7)
Elbow flexion 8.2 (2.2)%** 9.0 (1.3) 9.1(1.2) 9.4 (1.7)*
Elbow extension 7.6 (2.2)** 8.2 (1.5) 8.2(1.6) 8.6 (1.2)*
Wrist flexion 7.7 2.2)* 8.1(2.0) 8.2(1.7) 8.8 (1.2)*
Wrist extension 8.5 (2.5)*** 9.2 (1.6) 9.2(1.7) 9.8 (0.7)**
Finger flexion 5.1 (3.0) 5.7 (3.2) 5.9 (2.7) 6.2 (3.0)
Finger extension 8.2 (2.5)** 8.8(1.9) 8.9(1.8) 9.5 (0.8)*
Hip flexion 6.8 (3.3)*** 7.9 (2.5) 7.9(2.2) 8.1 (1.5)
Knee flexion 9.0 (2.0) 9.2 (1.5) 9.2(1.5) 9.6 (0.7)*
Knee extension 6.1 (3.5)* 7.0 (3.0) 6.9 (2.8) 7.6 (2.6)
Ankle dorsiflexion 7.3 (3.5)** 8.2(2.7) 8.6 (2.3) 8.7 (1.5)
Ankle plantar flexion 9.0 (2.6) 9.4 (1.8) 9.1 (2.2) 9.6 (1.3)

Serologies

Median CK (1U/L)

460 (277-810)

438 (249-720)

430 (227-634)

294 (167-477)**

NT5c1A positive 49% (31) 49% (56) 41% (39) 48% (23)
ANA (+) 45% (17) 34% (22) 34% (23) 57% (17)*
Electrodiagnostic studies

Irritability 89% (49) 88% (85) 79% (69)* 95% (40)
Myopathic units 93% (51) 95% (91) 90% (77) 95% (40)
Neurogenic units 29% (16)* 43% (41) 48% (41) 57% (24)
Mixed units 27% (15)* 41% (39) 44% (37) 55% (23)*
Sural SNAP <9 pv 23% (15) 26% (31) 32% (33) 48% (24)**

Abbreviations: IVIG = IV immunoglobulin; CK = creatine kinase; NT5c1A = 5'nucleotidase, cytosolic 1A; ANA = antinuclear antibody; SNAP = sensory nerve

action potential; IBM = inclusion body myositis.

*p <0.05, **p < 0.01, and ***p < 0.001.
2 Kendall scale.
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In contrast, female patients demonstrated a slower decline in
finger flexor and knee extensor strength compared with male
patients, and females were more likely to develop dysphagia.
These characteristics may explain why both Black and female
patient populations were more likely to be initially mis-
diagnosed with polymyositis and treated with corticosteroids.

Patients with an age of symptom onset <50 years had more
diffuse and severe weakness at the initial JH visit compared
with their older onset counterparts. However, this effect was
confounded by a longer disease duration at the time of the first
visit in the younger-onset group. Adjusting by this factor, we
found that patients with IBM with onset at an older age had
more severe weakness in finger flexors, whereas other muscles
showed similar levels of weakness. Other studies have
reported more rapid progression in patients with an older age
at onset, although this was not observed in our cohort. 1 1*

These findings suggest that Black and female patients repre-
sent clinically distinct subgroups within IBM with unique
disease trajectories and, potentially, different responses to
therapeutic interventions. The origin of these differences in
clinical phenotype and disease progression are unclear.

In accordance with prior studies, a large percentage of our
patients experienced a prolonged time to diagnosis, during
which period many were initially misdiagnosed with poly-
myositis and treated with ineffective immunosuppressive
therapies. We suspect that overreliance on muscle biopsy
features, in particular the presence of rimmed vacuoles, and
underreliance on physical examination (e.g. presence of fin-
ger flexor weakness and quadriceps weakness) are major
factors in the long delay to diagnosis that is common for
patients with IBM. Only 43% of muscle biopsies in our study
contained all 3 cardinal features of IBM (endomysial in-
flammation, mononuclear cell invasion, and rimmed vacu-
oles). In particular, rimmed vacuoles were less common in our
study (66%) compared with prior studies (75%-100%)%"""*
and were only seen in the absence of endomysial in-
flammation or mononuclear invasion in 3% of patients. This
likely reflects the increased reliance of Griggs and ENMC
diagnostic criteria for inclusion in prior published reports,
both of which require the presence of rimmed vacuoles to
meet definite or clinicopathologically defined IBM, re-
spectively. This highlights the need for more accurate and less
invasive diagnostic methods to identify patients with IBM at
earlier stages of disease when they may be more responsive to
therapeutics.

Many of our patients with IBM also had electrodiagnostic
evidence of sensory peripheral neuropathy as defined by de-
creased sural SNAP amplitudes. Although a few small studies
have also reported evidence of peripheral nerve dysfunction in
up to 30% of patients with IBM, the involvement of peripheral
nerves has not been extensively studied.*>*' The results of our
study suggest that nerve dysfunction is primarily driven by
older age rather than by the presence of IBM. However

Neurology.org/N

detailed studies of electrodiagnostic data in IBM are needed to
explore this further.

Our study has several limitations. Data from clinical assessments
were constrained to visits at the JH Myositis Center at which
point patients had had symptoms for an average of 6.6 years.
Although female and Black patients with IBM did have different
patterns of weakness by this time, their initial symptoms may
have differed more dramatically. In addition, younger-onset pa-
tients may have had a distinct phenotype at presentation which
became obscured by more advanced disease.

In conclusion, sporadic IBM has long been considered a
disease predominately affecting older White males. Our co-
hort included a significant number of female, Black, and
younger-onset patients and demonstrated a unique clinical
profile in both female and Black patients that may explain the
propensity for initial misdiagnosis and ineffective immuno-
suppressant agent use in these populations. Further longitu-
dinal studies are needed to confirm and further characterize
these findings; however, it is important to recognize the
presence of these subgroups as they may have different re-
sponses to therapies, and their presence may influence the
design of future clinical trials in IBM. More sensitive and
accessible diagnostics are needed to identify patients with
IBM at earlier stages and within these less well-recognized
subpopulations to further our understanding of clinical het-
erogeneity within this disorder.
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