
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t    t p : / / c r e  a   t i 
v e  c  o  m  m  o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .   

Wang et al. Arthritis Research & Therapy          (2024) 26:215 
https://doi.org/10.1186/s13075-024-03458-8

Arthritis Research & Therapy

*Correspondence:
Bing Zhao
zhaobing1122@126.com

Full list of author information is available at the end of the article

Abstract
Objective Limb-girdle muscular dystrophy (LGMD) is usually confused with idiopathic inflammatory myopathy 
(IIM) in clinical practice. Our study aimed to establish convenient and reliable diagnostic models for distinguishing 
between LGMD and IIM.

Methods A total of 71 IIM patients, 24 LGMDR2 patients and 22 LGMDR1 patients diagnosed at our neuromuscular 
center were enrolled. Differences in clinical, laboratory and histopathological characteristics were comprehensively 
compared. A nomogram and a decision tree were developed to distinguish between LGMD and IIM patients.

Results Compared to patients with LGMD, IIM patients exhibited a significantly older age of onset, a higher 
prevalence of cervical flexor weakness and a more commonly diffuse MHC-I expression on muscle pathology. 
The ratio of synchronous serum myoglobin (Mb, ng/ml) to creatine kinase (CK, U/L) before immunotherapy was 
significantly higher in IIM patients than in LGMD patients. Receiver operating characteristic analysis indicated a high 
differential diagnostic efficiency of synchronous Mb/CK with a cutoff value of 0.18. A nomogram prediction model 
and a decision tree were developed based on four independent indicators (age of onset, cervical flexor weakness, 
synchronous Mb/CK and diffuse MHC-I expression). Five-fold cross-validation and bootstrapping techniques 
substantiated the discriminate efficacy of the nomograph and decision tree.

Conclusion We developed two practical differential diagnosis models for LGMD and IIM based on the analysis of 
four accessible indicators, including the age of onset, cervical flexor weakness, the ratio of synchronous Mb/CK values 
and diffuse MHC-I expression. Further studies with larger samples are needed to refine the predictive efficiency of the 
differential diagnostic models.
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Introduction
Necrotizing myopathies represent a spectrum of dis-
eases, which could be caused by various hereditary or 
autoimmune conditions. Limb-girdle muscular dystrophy 
(LGMD) and idiopathic inflammatory myopathy (IIM) 
are recognized as the two most common prototypes of 
necrotizing myopathies. Theoretically, it is easy to diag-
nose a patient with LGMD based on a definitive gene 
mutation and the concomitant reduction of the aberrant 
sarcolemmal protein as observed on muscle pathology. 
Otherwise, it is more supportive of IIM if the patient 
has a positive myositis-specific autoantibody (MSA) and 
a favorable response to immunotherapy. However, it is 
estimated that approximately 50% of patients suspected 
of having LGMD could not be genetically confirmed 
through whole exome sequencing [1, 2]. In the case of 
IIMs, MSAs could be negative in 30–40% of patients 
[3–5], and an inadequate response to a sufficient immu-
nosuppressive regimen does not exclude the diagnosis 
of refractory IIM, especially in those with a long disease 
duration [6, 7].

Several previous studies have compared the differ-
ent characteristics of LGMD and IIM patients. An early 
study focusing on juvenile polymyositis and muscular 
dystrophy revealed that complex repetitive discharges 
on electromyography were more common in the for-
mer condition, while muscle atrophy on magnetic reso-
nance imaging (MRI), as well as myofiber hypertrophy 
and fibrosis on muscle biopsy were more indicative of 
the latter condition [8]. A recent study compared the 
clinicopathological distinctions between LGMDR2 and 
immune-mediated necrotizing myopathy (IMNM) [9]. 
The findings suggested that LGMDR2 is more likely to 
manifest without cervical muscle weakness or dyspha-
gia, less myalgia, and no extramuscular organs involve-
ment (except for the heart). In addition, muscle biopsies 
frequently demonstrate the presence of whorled, ring, 
or splitting myofibers in LGMDR2. In contrast, adduc-
tor magnus edema on MRI was a distinguishing feature 
of IMNM [9]. Another pathological study reported that 
inflammatory features, such as lymphocyte infiltra-
tion, major histocompatibility complex class-I (MHC-
I) expression, and membrane attack complex (MAC) 
deposition, were useful only for distinguishing LGMD 
from dermatomyositis (DM) and sporadic inclusion body 
myositis (sIBM) [10]. Although the aforementioned expe-
riences exist, it is still challenging but imperative to dis-
tinguish between muscular dystrophy (MD) patients and 
IIM patients, as it is critical for determining the appro-
priateness of long-term immunotherapy and the poten-
tial need for a more aggressive regimen in patient who 
exhibit unfavorable responsiveness.

We observed some significant differences in the clinical 
and muscle pathological characteristics between patients 

with LGMD and IIM. Interestingly, we also found a sig-
nificant difference in the ratio of synchronous myoglobin 
(Mb) to CK between the two conditions. Furthermore, 
we attempted to establish a practical differential diagnos-
tic model for distinguishing between LGMD and IIM.

Materials and methods
Patients
This was a retrospective observational study at our neu-
romuscular disorder (NMD) center. As dysferlinopathy 
(LGMDR2) and calpainopathy (LGMDR1) are presently 
recognized as the two most common forms of LGMD, 
which are frequently confused with IIM [11]. To mini-
mize the heterogeneity among enrolled patients, this 
study exclusively included individuals diagnosed with 
LGMDR1 and LGMDR2 to serve as representatives of 
LGMD.

The inclusion criteria for patients with necrotizing 
myopathy were as follows: (1) limb-girdle pattern of 
weakness; (2) peak creatine kinase (CK) > 1000 U/L; (3) 
necrotic myopathic changes on muscle pathology, plus 
one of the following features: (1) a positive result of MSA 
test and/or definite response to immunotherapy, which 
will be included in the IIM group; (2) sarcolemma reduc-
tion of dysferlin protein expression on muscle pathology 
and pathogenic compound heterozygous mutations in 
the DYSF gene identified by genetic analysis, which will 
be included in the LGMDR2 group; and (3) pathogenic 
compound heterozygous mutations in the CAPN3 gene 
identified by genetic testing, which will be included in the 
LGMDR1 group. There are several pathognomonic char-
acteristics of IIM patients, so the exclusion criteria are as 
follows: (1) the presence of DM-skin rashes; (2) perifas-
cicular changes, including perifascicular atrophy, perifas-
cicular necrosis or perifascicular MHC-I/II expression on 
muscle pathology; and (3) sIBM. A total of 24 LGMDR2 
patients and 22 LGMDR1 patients who were ever diag-
nosed at our NMD center between April 2009 and Sep-
tember 2023 and 71 IIM patients between April 2021 and 
September 2023 were enrolled in this study. One of the 
LGMDR1 patients did not undergo further pathological 
analysis, as the muscle specimen was nearly completely 
replaced by fatty infiltration.

Clinical and laboratory evaluation
The clinical evaluation included demographic informa-
tion, medical history, and neuromuscular examinations. 
The serum Mb (ng/ml) /CK (U/L) ratio was recognized 
as an effective indicator for evaluating the risk of acute 
kidney injury in patients with rhabdomyolysis [12]. In the 
present study, serum CK and Mb values were collected 
simultaneously before any pharmacological interven-
tion to assess the difference between the two subgroups. 
Receiver operating characteristic (ROC) analysis was 
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performed to determine the differential diagnostic effi-
ciency of the ratio of synchronous Mb (ng/ml) to CK 
(U/L). MSAs for the IIM patients were tested by dot 
immunoassay (Autoimmune Myositis Profile Antibody 
IgG Detection Kit, MyBiotech Co., Ltd., Xi’an, China, 
MT559) following the manufacturer’s instructions, 
including DM-specific antibodies (anti-Mi2, anti-MDA5, 
anti-TIF1γ, anti-NXP2, anti-SAE), anti-aminoacyl tRNA 
synthetase (ARS) antibodies (anti-Jo-1, anti-PL-7, anti-
PL-12, anti-EJ, anti-OJ, anti-KS and anti-Zo, anti-Ha), 
anti-SRP and anti-HMGCR antibodies. For LGMD 
patients, gene mutations were identified based on next-
generation sequencing technology.

Histopathological examinations
Pretreatment open-muscle biopsies were conducted on 
all patients for diagnostic purposes. Routine histologi-
cal and immunohistochemical staining were performed. 
Serial cryostat sections were stained with the follow-
ing reagents: hematoxylin and eosin (HE), nicotinamide 
adenine dinucleotide tetrazolium reductase (NADH), 
cytochrome oxidase (COX), modified Gomori trichrome 
(MGT), anti-dysferlin monoclonal antibody (NCL-
Hamlet; Novocastra), anti-MHC-I rabbit monoclonal 
antibody (clone EP1395Y; Abcam), anti-C5b-9 (MAC) 
mouse monoclonal antibody (clone aE11; Dako), anti-
myxovirus resistance protein (MxA) rabbit polyclonal 
antibody (ab95926; Abcam), anti-CD3 mouse monoclo-
nal antibody (clone LN10; Zhongshan Golden Bridge 
Biotechnology), anti-CD20 rabbit monoclonal antibody 
(ab78237; Abcam), and anti-CD68 monoclonal antibody 
(clone KP1; Zhongshan Golden Bridge Biotechnology). 
All biopsies were independently re-evaluated by two 
neurologists with specialized training in neuromuscular 
pathology, Tingjun Dai and Bing Zhao, who were binded 
to the clinical information.

Regarding the pathological evaluation, the DM scoring 
system in previous studies was applied in the evaluation 
of necrotic myofibers and inflammatory domains [13, 
14]. The presence of hypertrophic/split fibers, whorled/ 
ring fibers, ragged red fibers (RRFs) and fibers with inter-
nalized nuclei was also recorded. Myofiber MxA expres-
sion was defined as sarcoplasmic staining of nonnecrotic 
myofibers. Myofiber MHC-I expression was defined as 
sarcolemma staining, associated or not associated with 
sarcoplasmic staining. Diffuse MHC-I expression was 
identified when the proportion of positive myofibers 
exceeded 80% of the entire slice field. MAC deposition on 
the capillaries and sarcolemma of nonnecrotic fibers was 
also recorded.

Statistical analysis
Categorical variables are presented as frequencies 
and percentages. Continuous variables with a normal 

distribution are expressed as the mean ± standard devia-
tion, while those with a skewed distribution are repre-
sented as the median and interquartile range [M(Q1, 
Q3)]. For certain categorical variables, including the pro-
portion of females, cervical muscle weakness, myalgia, 
bulbar symptoms, distal muscle weakness, fibers with 
internalized nuclei > 3%, hypertrophic/splitting fibers, 
ragged red fibers, whorled/ring fibers, and eosinophils 
infiltration as well as MHC-I and MAC staining, Fisher’s 
exact two-tailed test was applied for pairwise compari-
sons among the three subgroups. Similarly, Fisher’s exact 
two-sided test was used to compare perimysial CD8, 
endomysial and perimysial CD20 infiltration between 
LGMDR1 and LGMDR2 patients. For the remaining 
categorical variables, such as myonecrosis on HE stain-
ing and other inflammatory cell infiltrations across the 
three groups, the chi-square test was utilized. For vari-
ables conforming to a normal distribution, the unpaired t 
test was employed; otherwise, the Mann‒Whitney U test 
was used. The above statistical analyses were carried out 
using GraphPad Prism version 9.5.0. A p value less than 
0.05 was considered to indicate statistical significance.

Due to the similarity of clinical, serological, and patho-
logical characteristics and the limited number of samples 
in each subgroup, LGMDR1 and LGMDR2 were merged 
into a combined group as LGMD in this model. A mul-
tivariate least absolute shrinkage and selection operator 
(Lasso) logistic regression analysis was applied to identify 
significant risk factors among the clinical, laboratory, and 
histopathological characteristics for predicting the prob-
ability of LGMD. Given that the reduction of sarcolem-
mal dysferlin was only useful for the differential diagnosis 
between LGMDR2 and IIM, we excluded this variable 
from the risk factors to ensure the universality of the dif-
ferential diagnosis model.

Although the synchronous Mb/CK value was missing 
in the majority of patients (82/117, 70.1%), there is a high 
differential diagnostic efficiency of this ratio, with a cut-
off value of 0.18 among the remaining patients (Fig. 1C). 
In order to involve the synchronous Mb/CK value into 
the differential diagnostic model, we created a categorical 
variable for the indicator Mb/CK, which includes three 
situations: (1) Mb/CK is missing, (2) Mb/CK is less than 
0.18, and (3) Mb/CK is over 0.18. If Mb/CK is lower than 
0.18, this variable is assigned a value of 1; conversely, 
when Mb/CK is missing or higher than 0.18, it is assigned 
a value of 0.

The significant risk factors identified by the Lasso algo-
rithm were initially integrated to establish a nomogram 
prediction model. A decision tree model was further 
refined to provide a more user-friendly visualization tool. 
To mitigate the risk of overfitting and enhance model 
simplicity, stepwise regression was employed when con-
structing the nomogram, concurrently restricting the 
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maximum depth of the decision tree. Additionally, five-
fold cross-validation and bootstrapping techniques for 
internal validation were applied to assess the predictive 
capabilities of the two models. The discriminative per-
formance of the two differential diagnostic models was 
evaluated by accuracy, specificity, sensitivity, and the area 
under the ROC curve (AUC). All computational analyses 
were conducted using R and Python softwares.

Results
Clinical and laboratory characteristics
The clinical characteristics of IIM, LGMDR2 and 
LGMDR1 patients were collected and are summarized 
in Table  1. Compared with LGMDR1 and LGMDR2 
patients, IIM patients had an older age of disease 

onset and hospital visit, and a shorter disease dura-
tion (P < 0.0001). Cervical muscle weakness, especially 
cervical flexor involvement, was more common in IIM 
patients. Bulbar symptoms were observed only in IIM 
individuals, but there was no statistically significant dif-
ference compared to those in the LGMD subgroups, 
which might be related to the limited number of patients. 
There was no significant difference in sex ratio, myal-
gia, or distal muscle weakness between the different 
subgroups.

Regarding laboratory examinations, the CK level was 
markedly elevated in all three subgroups, especially in 
LGMDR2 patients, while the simultaneous Mb level was 
statistically higher in IIM patients. The ratio of synchro-
nous Mb (ng/ml)/CK (U/L) was significantly higher in 

Fig. 1 Serological examinations A Distribution of myositis-specific autoantibodies in IIM patients. B The ratio of synchronous Mb (ng/ml) to CK (U/L) was 
significantly higher in IIM patients than in both LGMDR1 and LGMDR2 individuals. C ROC analysis indicated a high differential diagnostic efficiency of 
the ratio of synchronous Mb/CK between the IIM subgroup and the LGMD subgroups, with a cutoff value of 0.18, achieving a sensitivity of 100% and a 
specificity of 95% (p < 0.0001)
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patients with IIM compared to those with LGMDR1 and 
LGMDR2 (P < 0.0001, Fig. 1B). ROC analysis indicated a 
high differential diagnostic efficiency of the ratio of syn-
chronous Mb/CK with a cutoff value of 0.18, achieving 
a sensitivity of 100% and a specificity of 95% (p < 0.0001, 
Fig.  1C). For the MSA profiles of the IIM subgroup, 16 
patients tested positive for anti-HMGCR antibodies, 
22 patients for anti-SRP antibodies, 6 patients for anti-
Jo-1 antibodies, 1 patient for anti-PL-7 antibody and 2 
patients for double MSAs (anti-MDA-5/anti-HMGCR 
antibodies and anti-SRP/anti-PL-12 antibodies, respec-
tively). The other 24 IIM patients tested negative for any 
known MSA (Fig. 1A).

Muscle pathology
The histopathological features of IIM, LGMDR2, and 
LGMDR1 patients are summarized in Table 2. There was 
no significant difference in myofiber necrosis among the 
3 subgroups, while increased myofibers with internalized 
nuclei (Fig. 2A) were more common in the LGMD sub-
groups. Despite the younger age at which muscle biopsies 
were conducted, RRFs were more frequently observed in 
the LGMD subgroups, especially in LGMDR2 patients 
(Fig.  2B). Hypertrophic/splitting fibers (33.3%), and 
whorled/ring fibers (42.9%) were most commonly 
observed in LGMDR1 patients (Fig. 2E). Although there 
was no significant difference, eosinophils were observed 
only in IIMs and LGMDR1 patients but not in LGMDR2 
patients (Fig. 2D).

According to the immunohistochemistry results, dys-
ferlin expression on the sarcolemma was decreased or 
absent not only in LGMDR2 individuals but also in two 
anti-HMGCR IIM patients (Fig.  2C, G). The infiltration 
of CD3+ T lymphocytes in the endomysium and perimy-
sium was statistically significantly higher in individuals 

with IIM, compared to those with LGMDR2. However, 
no significant differences were found in the infiltration 
of CD8+ T lymphocytes, CD20+ B cells, or CD68+ mac-
rophages between IIM and LGMD patients. MHC-I 
expression and MAC deposition on nonnecrotic myo-
fiber sarcolemma were common in all three subgroups, 
with a greater proportion in IIM and LGMDR2 individu-
als. However, the prevalence of diffuse MHC-I expression 
was distinctly higher in IIM patients compared to those 
in the two LGMD subgroups (Fig.  2F, I). MAC deposi-
tion on capillaries could only be detected in 4 (5.6%) IIM 
patients (Fig. 2H). MxA was negative in all patients.

Development of the differential diagnostic models
Following stepwise logistic regression with Lasso and 
decision tree pruning, only four significant indices were 
identified as independent risk factors, as the inclusion of 
additional variables did not yield any further significant 
improvement in accuracy of this model. These variables 
included age of onset, cervical flexor weakness, the syn-
chronous Mb/CK value and diffuse MHC-I expression.

Involved into a multivariate logistic regression, their 
estimators were − 0.267, -5.599, -3.391, and 6.669, respec-
tively. The constant was 10.886. The standard errors and 
P values are presented in Supplemental Table 1. The final 
nomogram and decision tree were shown in Figs. 3 and 4, 
respectively.

Evaluation of the differential diagnosis models
The calibration plot of the nomogram model, based on 
the results of bootstrapping technique, exhibited a closer 
alignment with the diagonal dashed line, which indi-
cated an ideal evaluation by a perfect model (Supple-
mentary Fig. 1A). After the data were randomly divided 
into training and testing sets at a 7:3 ratio, the ROC curve 

Table 1 Clinical and laboratory characteristics between different of subgroups of patients
IIM
(n = 71)

LGMDR2
(n = 24)

LGMDR1
(n = 22)

p1 value p2 value p3 value

Age of onset (years) 54 (49, 60) 24 (19, 37) 23.1 ± 9.8 < 0.0001 < 0.0001 0.190
Age of visit (years) 55 (49, 61) 33.6 ± 13.2 29.4 ± 13.7 < 0.0001 < 0.0001 0.297
Disease duration (months)* 4 (2, 12) 36 (20, 89) 36 (24, 102) < 0.0001 < 0.0001 0.657
Sex, female (n, %) 48, 66.2% 14, 58.3% 12, 54.5% 0.623 0.326 > 0.9999
Cervical extensor
weakness (n, %)

21, 29.6% 1, 4.2% 2, 9.5% 0.011 0.086 0.592

Cervical flexor
weakness (n, %)

31, 43.7% 1, 4.2% 1, 4.8% 0.0003 0.0006 > 0.9999

Myalgia (n, %) 14, 19.7% 2, 8.3% 3, 13.6% 0.343 0.753 0.652
Bulbar symptoms (n, %) 10, 14.1% 0 0 0.061 0.109 —
Distal weakness (n, %) 31, 43.7% 9, 37.5% 9, 42.9% 0.640 > 0.9999 0.767
CK (U/L) 3470 (1869, 7613) 6921 (3605, 10266) 3247 (1727, 5043) 0.022 0.375 0.002
Synchronous Mb (ng/ml) 982 (729, 1566) (n = 20) 335 (191, 773) (n = 8) 315 (241, 395) (n = 7) 0.016 0.0004 0.694
Ratio of Mb to CK 0.264 (0.207, 0.384) 0.113 ± 0.040 0.116 ± 0.038 < 0.0001 < 0.0001 0.884
Abbreviation IIM: idiopathic inflammatory myopathy; LGMD: limb-girdle muscular dystrophy; CK: creatine kinase; Mb: myoglobin * time from onset to muscle biopsy; 
p1 value: IIM vs. LGMDR2; p2 value: IIM vs. LGMDR1; p3 value: LGMDR1 vs. LGMDR2
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was generated for the test set, yielding an area under the 
curve (AUC) was 0.963 (Supplementary Fig. 1B). More-
over, the predictive performance of this model was also 
evaluated by K-fold cross-validation (K = 5). The AUC 
from the stratified 5-fold cross-validation analysis was 
0.973. The cross-validation results indicated that this 
model exhibited a sensitivity of 92.920%, a specific-
ity of 92.926%, a positive predictive value of 89.325%, a 

negative predictive value of 95.783% and a balanced accu-
racy of 92.923%.

Regarding the decision tree analysis, employing a con-
sistent ratio for the training and testing sets, as previously 
described, resulted in an AUC of 0.934. When employ-
ing a stratified 5-fold cross-validation approach, the AUC 
was determined to be 0.910. This model demonstrated 

Fig. 3 A nomogram prediction model for identifying LGMD. There are four significant independent indicators included in this differential diagnosis 
model: age of onset, diffuse MHC-I expression, cervical flexor weakness, and the ratio of synchronous Mb/CK. For the variable Mb/CK < 0.18, if the value 
Mb/CK is lower than 0.18, the corresponding value is set to 1, while the value of 0 represents that the Mb/CK is missing or bigger than 0.18. In addition, if 
cervical flexor weakness or diffuse MHC-I expression is confirmed, the corresponding value is set to 1; otherwise, the value is set to 0. For each risk factor, 
a score was determined by reading the values of each risk factor on the ruler superimposed over its respective graph line. An aggregate score, computed 
by summing the individual scores for each risk factor, yields the likelihood of LGMD prediction

 

Fig. 2 Muscle pathology A-C LGMDR2: (A) Increased fibers with internalized nuclei (HE staining); (B) Typical ragged red fibers (MGT staining, arrows); 
(C) Significantly reduced dysferlin immunostaining compared with the contemporaneous normal control. D-F LGMDR1: (D) Eosinophils scattered in the 
endomysium (HE staining, arrows); (E) Typical whorled fibers (NADH staining, arrows). (F) Negative MHC-I expression. G-I IIM: (G) Dysferlin immunostain-
ing was also significantly reduced in anti-HMGCR patients. (H) MAC deposition on capillaries could be detected in an MSA-negative IIM patient (arrows). 
(I) Diffuse MHC-I expression in an anti-HMGCR-positive IIM patient
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a sensitivity of 86.667%, a specificity of 85.905%, and an 
overall accuracy of 86.232%.

Discussion
In this study, we summarized and compared the charac-
teristics of the three most common prototypes of necro-
tizing myopathies, which are easily confused with each 
other clinically. We further developed a convenient and 
reliable nomograph model and a decision tree to distin-
guish between patients with IIM and LGMD based on 
four easily accessible indicators.

Clinically, a younger age of onset and a longer disease 
duration usually indicate a diagnosis of LGMD other 
than IIM. However, this is not always true, as there 
are some IIM patients with a juvenile age of onset or a 
chronic slowly progressive course who are most easily 
misdiagnosed as having heterogeneous muscular dys-
trophy [8, 15, 16]. Consistent with previous studies, our 
study highlighted that the involvement of cervical mus-
cles, particularly the weakness of cervical flexor muscles 
could serve as a distinguishing characteristic between 
IIM and LGMD, as cervical muscles are rarely affected in 
LGMD patients both in clinical assessment and on mus-
cle MRI [17–19]. Although there have been many studies 
comparing the clinical and pathological characteristics 
between different types of IIM and MD [8–10, 15, 20, 21], 
IMNM is the most frequent subtype of IIM that needs to 
be distinguished from LGMD, as more than half of the 
IIM patients included in our study were found to pos-
sess the anti-SRP or anti-HMGCR antibodies. This could 

be attributed to the clinical and laboratory similarities 
between IMNM and LGMD [9].

Based on the findings of laboratory examinations, CK 
was markedly elevated in all three subgroups. There-
fore, this value was not effective enough for differentiat-
ing between IIM and LGMD. Interestingly, we observed 
that the simultaneous Mb levels were statistically lower 
in both LGMDR1 and LGMDR2 patients compared to 
IIM individuals, resulting in a significantly lower ratio of 
Mb (ng/ml) to CK (U/L) in the two LGMD subgroups. 
Although simultaneous Mb levels were detected in 35 
patients, the ratio of synchronous Mb to CK, with a cut-
off value of 0.18, showed a high differential diagnostic 
efficiency. This result indicates that it is a highly reliable 
and convenient parameter for differentiating between the 
IIM and LGMD patients. Presumably, both the serum 
Mb and CK levels are indicative of changes in muscle 
permeability or other causes of muscle damage. However, 
Mb has much faster elimination kinetics than CK, as 
proven in patients with acute myocardial infarction and 
rhabdomyolysis [22], which might be partially attribut-
able to the different molecular masses of these two sar-
coplasmic proteins. Therefore, we hypothesized that Mb 
might tend to reach a lower level in LGMD patients dur-
ing a long chronic disease course, while it could persist 
at a relatively high level in those with IIM who are still in 
the active phases of a shorter disease course.

Regarding muscle pathology, chronic myopathic fea-
tures, such as increased fibers with internalized nuclei, 
whorled or ring fibers, and hypertrophic/splitting fibers, 

Fig. 4 A pruned prediction model was developed using four variables: age of onset, cervical flexor weakness, Mb/CK, and diffuse MHC-I expression. The 
red box indicates that this group of patients will be ultimately classified as LGMD in the decision tree model, while the blue box represents patients who 
are diagnosed as IIM
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were more commonly observed in the LGMD subgroups, 
which has also been noted in previous studies [15, 23]. 
In addition, the occurrence of RRFs in the two LGMD 
subgroups, especially in LGMDR2 patients, was more 
frequent than that in IIM patients. In fact, mitochon-
drial dysfunction has been indicated in LGMDR2 and 
several other LGMD subtypes [24–28]. In IIM, RRFs and 
COX-deficient myofibers are usually observed in inclu-
sion body myositis, polymyositis, and the perifascicu-
lar region of dermatomyositis [29, 30], but are seldom 
reported in IMNM, which constitute the majority of IIM 
in this cohort. The number of RRFs increases with nor-
mal aging [30]. Given that the patients with LGMD were 
significantly younger than those with IIM, our study indi-
cated that when RRFs were noted in a patient with necro-
tizing myopathy at a younger age, a diagnosis of LGMD 
rather than IMNM was more likely to be present.

Immunohistochemistry for inflammatory markers and 
the aberrant sarcolemmal protein is often used to differ-
entiate between IIM and MD. Consistent with previous 
studies [8, 9], the similarity of lymphocytes infiltration 
in these patients made it difficult to be used as a distin-
guishing variable for differential diagnosis. Likewise, 
the presence of scattered eosinophils was nonspecific to 
either hereditary or inflammatory myopathies, in line 
with the findings of a prior study [31]. Reduced dysfer-
lin expression on the sarcolemma of myofibers, as iden-
tified by immunohistochemistry, is a common method 
used to differentiate LGMDR2 from IIM and other dis-
eases. However, reduced dysferlin immunostaining may 
also be secondary to many other inherited or acquired 
conditions, such as dystrophinopathy, calpainopathy, 
sarcoglycanopathy, caveolinopathy or immune-medi-
ated rippling muscle disease with AChR-antibody posi-
tive myasthenia gravis [32–36]. Our study is the first to 
report that dysferlin immunostaining was reduced in 
two anti-HMGCR patients, which could be attributable 
to secondary inflammatory damage to the sarcolemma 
of myofibers. This finding suggested that the possibility 
of a treatable IIM could not be excluded due to reduced 
dysferlin immunostaining on muscle pathology. In addi-
tion, MHC-I expression has routinely been included as a 
diagnostic criterion for IIM [37]. A recent study reported 
that positive MHC-I immunostaining was more frequent 
in IIM than in inherited myopathies [38]. In the present 
cohort, abnormal MHC-I immunostaining was common 
in all three subgroups. However, diffuse MHC-I expres-
sion was more frequently observed in the IIM subgroup 
than in either LGMDR1 or LGMDR2 patients. Therefore, 
we hypothesized that only the diffuse pattern of MHC-I 
expression could be used as an indicator for differentiat-
ing IIM from LGMD.

To date, many studies have focused on comparing vari-
ous subtypes of MD and IIM, but the previous intricate 

results still make it difficult to render a precise judgment 
in clinical practice [8–10, 15, 20, 21, 38]. In this study, we 
developed two differential diagnostic models-a nomo-
gram and a decision tree- both of which exhibited high 
sensitivity, specificity and predictive efficiency in distin-
guishing between patients with LGMD and IIM. Four 
variables, namely age of onset, cervical flexor weakness, 
synchronous Mb/CK value and diffuse MHC-I expres-
sion, were identified as independent risk factors. All of 
these parameters can be easily and uniformly evaluated 
by the clinicians and pathologists. Specifically, the nomo-
gram model suggested that the ratio of synchronous Mb 
(ng/ml) to CK (U/L) could have valuable potential for 
distinguishing LGMD from IIM patients. For example, 
if a patient with an age of onset of 22 years (equivalent 
to a model score of 80) exhibits a synchronous Mb/CK 
ratio of less than 0.18 (equivalent to a model score of 40), 
the likelihood of developing LGMD exceeds 0.90, with a 
cumulative score of 120 points. Similarly, for a 45-year-
old patient with a Mb/CK ratio lower than 0.18, if there 
is no diffuse MHC-I expression and cervical flexor weak-
ness, the probability of developing LGMD is greater than 
0.95 with a cumulative score of 135 points. At last, we 
recommend that Mb should be routinely detected with 
CK in patients with undiagnosed necrotizing myopathy. 
To emphasize, both the Mb and CK values should be 
detected simultaneously before any medical intervention, 
as both can be significantly affected by immunotherapy.

Our study has several limitations. Firstly, this was a 
retrospective analysis from a single neuromuscular cen-
ter, with a limited number of patients and disease pheno-
types, inevitable recall and referral bias will contribute to 
the findings. And the enrolled IIMs patients in this study 
are likely more frequently seen in a neuromuscular cen-
ter, and might differ from those typically encountered in 
rheumatology, respiratory medicine, or dermatology set-
tings. Secondly, muscle MRI data were not included for 
comparison in this study, as only a few patients under-
went MRI scans and it is difficult to quantify the mani-
festations on MRI. Thirdly, MSAs were detected only by 
immunoblotting and not confirmed by immunoprecipita-
tion. However, the antibody results and the clinicopatho-
logical profiles were in accordance with each other in our 
IIM patients. Finally, external validation of the predic-
tion models is difficult to complete as the synchronous 
Mb and CK value was collected in a limited number of 
patients. However, we found that the synchronous Mb/
CK value showed a consistent trend in other types of 
MD, such as Becker muscular dystrophy or LGMDR9 
(data not shown), which needs further confirmation at 
other NMD centers with larger samples.
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Conclusion
In conclusion, we developed two practical differential 
diagnosis models for LGMD and IIM based on the anal-
ysis of four accessible indicators, including the age of 
onset, cervical flexor weakness, the ratio of synchronous 
Mb/CK values and diffuse MHC-I expression. A patient 
with necrotizing myopathy, characterized by a younger 
age of onset, absence of cervical flexor weakness, lower 
Mb/CK value and lack of diffuse MHC-I expression, is 
more commonly suggestive of LGMD. Otherwise, it is 
more indicative of IIM. Further studies with larger sam-
ples are still needed to refine the predictive efficiency of 
the differential diagnostic models for these conditions.
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