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1. Title 
Impact of the Agreement Between Antinuclear Antibodies Indirect Immunofluorescence Patterns and Myositis Antibodies in Idiopathic Inflammatory Myopathies

2. Abstract 
Idiopathic inflammatory myopathies (IIM) are a heterogeneous group of systemic autoimmune disorders in which chronic inflammation of skeletal muscle leads to muscle weakness. Many other organs, including the skin, heart, lungs, and joints, may be affected. Patients with IIM may be positive for myositis antibodies (MAs), including myositis-specific (MSAs) and/or associated (MAA) antibodies. Although helpful for establishing the diagnosis of IIM in the appropriate clinical setting, the presence of MAs doesn’t always predict the occurrence of connective tissue diseases. Additionally, commonly used techniques such as line blot are known to have high rates of false positivity, especially for rare MAs. The accuracy of MAs tests such as line blot may be improved by cross-checking its results with antinuclear antibodies (ANA) patterns on HEp-2 indirect immunofluorescence (IIF). With this work, we intend to study the agreement between the ANA IIF pattern and MAs in a Portuguese cohort of IIM patients. We will analyze whether agreement between methods correlates with a higher rate of IIM classification criteria fulfillment or higher disease severity.

3. Rationale
[bookmark: _Hlk164721698] 	Idiopathic inflammatory myopathies (IIM) are a heterogeneous group of systemic autoimmune disorders in which chronic inflammation of skeletal muscle leads to muscle weakness [1]. Apart from striate muscle, many other organs may be affected, such as the skin, heart, lungs, and joints. 
Patients with IIM may be positive for myositis antibodies (MAs), conventionally divided into myositis-specific (MSAs) or myositis-associated (MAAs) antibodies [2]. MSAs, including anti-Mi-2, anti-MDA5, anti-TIF1ƴ, anti-NXP2, anti-SAE, anti-synthetase antibodies, anti-SRP, anti-HMGCR, and anti-cN1A antibodies, help establish a diagnosis of IIM. MSAs can also determine different risks of expressing different clinical phenotypes and have prognostic value [3]. Furthermore, they are often mutually exclusive, reinforcing their important role as disease biomarkers [4]. 
MAAs might also be found in IIM but can also be detected in other connective tissue diseases. These include anti-PM/SCL, anti-Ku, anti-Ro52, and anti-U1RNP antibodies. 
The presence of circulating MSAs, especially in a low titer, can occur even without IIM or other connective tissue diseases [1]. Additionally, commonly used techniques such as line blot are known to have high rates of false positivity, especially for rare MAs [5]. It has been postulated that agreement with antinuclear antibodies (ANA) patterns on HEp-2 indirect immunofluorescence (IIF) may improve the test accuracy of MAs [6, 7]. Tables 1-3 summarize the most frequently associated ANA IIF patterns for each MAs.
With this work, we intend to study the agreement between the ANA IIF pattern and MAs in a Portuguese cohort of IIM patients, analyzing whether the agreement correlates with a higher rate of classification criteria fulfillment or higher disease severity.

[bookmark: _Hlk173097282]Table 1 - Myositis-specific antibodies and associated antinuclear antibodies indirect immunofluorescence patterns, according to the 2021 International Consensus on ANA Patterns.
	Myositis-Specific Antibodies
	ANA IIF Code [8]
	ANA IIF Pattern [8]
	Broad ANA IIF Pattern [8]

	Anti-SRP
	AC-19
	Cytoplasmic dense fine speckled [9]
	Cytoplasmic

	Anti-HMGCR
	AC-0
	Difficult to recognize [9]
Negative*
	Negative

	Anti-Mi2
	AC-4
	Nuclear fine speckled [9]
	Nuclear speckled

	Anti-MDA5
	AC-0
AC-19
AC-20
	Inconstant
Negative [9]
Cytoplasmic speckled [10]
Cytoplasmic dense fine speckled [11]
	Cytoplasmic

	Anti-TIF1γ
	AC-4
	Nuclear fine speckled [8, 9]
	Nuclear speckled

	Anti-NPX2
	AC-4, AC-6
	Nuclear fine speckled and/or multiple nuclear dots [8, 9]
	Nuclear speckled (or multiple nuclear dots)

	Anti-SAE
	AC-4
AC-5
	Nuclear fine speckled [7, 9]
Nuclear coarse speckled [12]
	Nuclear speckled

	Anti-CN1A
	-
	Undefined [9]
	-


Abbreviations: ANA: antinuclear antibodies. IIF: indirect immunofluorescence. *A novel indirect immunofluorescence pattern, known as the HMGCR Associated Liver Immunofluorescence Pattern, has been recognized in experimental research, but is not commonly searched in clinical practice [13].

Table 2 - Myositis-specific anti-synthetase antibodies and associated antinuclear antibodies indirect immunofluorescence patterns, according to the 2021 International Consensus on ANA Patterns.
	Myositis-Specific Anti-synthetase Antibodies
	ANA IIF Code [8]
	ANA IIF Pattern [8]
	Broad ANA IIF Pattern [8]

	Anti-PL-7
	AC-19
	Cytoplasmic dense fine speckled [8]
	Cytoplasmic

	Anti-PL-12
	AC-19
	Cytoplasmic dense fine speckled [8]
	Cytoplasmic

	Anti-EJ
	AC-19
AC-20
	Cytoplasmic speckled [9]
	Cytoplasmic

	Anti-OJ
	AC-19
AC-20
	Cytoplasmic speckled [9]
	Cytoplasmic

	Anti-Jo-1
	AC-20
	Cytoplasmic fine speckled[8, 9]
	Cytoplasmic


Abbreviations: ANA: antinuclear antibodies. IIF: indirect immunofluorescence.

Table 3 - Myositis-associated antibodies and associated antinuclear antibodies indirect immunofluorescence patterns, according to the 2021 International Consensus on ANA Patterns.
	Myositis-Associated Antibodies
	ANA IIF Code [8]
	ANA IIF Pattern [8]
	Broad ANA IIF Pattern [8]

	Anti-U1RNP

	AC-5
	Nuclear coarse speckled [8, 9]
	Nuclear speckled

	Anti-Ku

	AC-4
	Nuclear fine speckled [8, 9]
	Nuclear speckled

	Anti-Ro52
	AC-0
AC-4
AC-19
AC-20
	Negative
Nuclear fine speckled
Cytoplasmic speckled [6, 8, 9]
	Nuclear speckled (or cytoplasmic)

	Anti-PM/Scl
	AC-8
	Nucleolar homogeneous [9]
	Nucleolar

	Anti-mitochondrial antibody
	AC-21
	Cytoplasmic reticular/AMA [8, 9]
	Cytoplasmic


Abbreviations: ANA: antinuclear antibodies. IIF: indirect immunofluorescence.

4. Objectives
4.1. Primary: 
· To determine whether agreement between MAs and ANA IIF is associated with a higher rate of 2017 European League Against Rheumatism/American College of Rheumatology (EULAR/ACR) classification criteria for adult IIM and their major subgroups [14] in this population.
Outcome variable: Fulfilment of EULAR/ACR classification criteria.
Explanatory variable: Agreement between MAs and ANA IIF pattern.
Statistical test to be used: Chi-square test.

4.2. Secondary: 
· To calculate the percentage of patients with and without agreement between MAs and ANA IIF in Reuma.pt/Myositis;
· To determine whether higher levels of agreement between MAs and ANA IIF are associated with a higher disease burden in this population;

Outcome variables: Number of involvements / scores in Health Assessment Questionnaire Disability Index (HAQ-DI) at baseline / patient global assessment at baseline / Muscle Memory Test 8 (MMT8) at baseline / modified Disease Activity Score (DAS) skin at baseline; 
Explanatory variable: Agreement between MAs and ANA IIF pattern;
Statistical test to be used: Independent Samples t-Test (for normally distributed data) / Mann-Whitney U Test (for non-normally distributed data). 

· To determine whether agreement between MAs and ANA IIF pattern is associated with a higher prevalence of different IIM involvements;
Outcome variables: Muscle / Lung / Joint / Skin / Heart involvement; 
Explanatory variable: Agreement between MAs and ANA IIF pattern;
Statistical test to be used: Chi-square test.

· To determine whether higher ANA titers are associated with higher agreement between MAs and ANA IIF pattern.
Outcome variables: Agreement between MAs and ANA IIF pattern;
Explanatory variable: high ANA titer (defined as titer ≥ 1/640);
Statistical test to be used: Chi-square test.

5. Study population
Patients with a clinical diagnosis of IIM, registered in Reuma.pt.
5.1. Inclusion criteria

· Age of symptom onset of 18 years or older;
· Diagnosis of IIM according to the treating Rheumatologist;
· Information regarding MAs and ANA IIF patterns;
· Patients registered in Reuma.pt/Myositis, with informed consent and at least one clinical characterization.  

6. Study design
Retrospective analysis of multicenter prospectively collected data, using data collected from the myositis protocol of the Rheumatic Diseases Portuguese Register (the Reuma.pt/Myositis) database.
7. Data collection and variables of interest

7.1. Process of data collection 
A. Initial exportation and exploratory analysis of the current data in Reuma.pt/Myositis – this will allow the creation of an anonymized Microsoft Excel document (highlighting the missing data) that will be sent to the participating centers.

B. First phase of data completion – the designated investigators of the participating centers will fill in the missing information directly in Reuma.pt. Potential new IIM patients fulfilling our inclusion criteria should also be registered in Reuma.pt. 

C. Second exportation and exploratory analysis of the data in Reuma.pt/Myositis – this will allow the creation of a second anonymized Microsoft Excel document. If significant missing data persists, we will send this document to the involved center(s), and then advance for an optional, third exportation of the data in Reuma.pt/Myositis.  

7.2. Variables to be collected 

7.2.1.  General Data
· Age (continuous variable [CV]) 
· Gender (dichotomic variable [DV]: female=0; male=1)
· Type of myositis (categorical variable: dermatomyositis, juvenile dermatomyositis, amyopathic/ hypomyopathic dermatomyositis, non-specific myositis, polymyositis, mixed connective tissue disease, immune necrotizing myositis, inclusion bodies myositis, overlap syndrome)
· Fulfilment of 2017 EULAR/ACR criteria (DV:  no=0; yes=1)
· Age at first symptom (CV)
· Age at diagnosis (CV)
· Quantified tobacco use (CV: number of packs per day; number of years)
· Alcohol use (DV; non-consumer=0; consumer=1)

· Disease manifestations:
· Myalgia/ myositis (DV: no=0; yes=1)
· Gottron’s papules (DV: no=0; yes=1)
· Heliotrope rash (DV: no=0; yes=1)
· Raynaud’s phenomenon (DV: no=0; yes=1)
· Digital ulcers (DV: no=0; yes=1)
· Oedema (DV: no=0; yes=1)
· Calcinosis (DV: no=0; yes=1)
· Periungual changes (DV: no=0; yes=1)
· Lipoatrophy (DV: no=0; yes=1)
· Arthralgia/ arthritis (DV: no=0; yes=1)
· Esophageal involvement (DV: no=0; yes=1)
· Gastric involvement (DV: no=0; yes=1)
· Intestinal involvement (DV: no=0; yes=1)
· Heart involvement (DV: no=0; yes=1)
· Lung involvement (DV: no=0; yes=1)

· Myositis-specific and myositis-associated antibodies:
· Anti-nuclear antibodies (ANA) (DV: negative=0; positive=1)
· Anti-Mi2 (DV: negative=0; positive=1)
· Anti-TIF1ƴ (DV: negative=0; positive=1)
· Anti-MDA5 (DV: negative=0; positive=1)
· Anti-NPX2 (DV: negative=0; positive=1)
· Anti-SAE1 (DV: negative=0; positive=1)
· Anti-Ku (DV: negative=0; positive=1)
· Anti-Pm/Scl (DV: negative=0; positive=1)
· Anti-PL7 (DV: negative=0; positive=1)
· Anti-PL12 (DV: negative=0; positive=1)
· Anti-EJ (DV: negative=0; positive=1)
· Anti-OJ (DV: negative=0; positive=1)
· Anti-RNP (DV: negative=0; positive=1)
· Anti-SSA/SSB (DV: negative=0; positive=1)
· Anti-Jo1 (DV: negative=0; positive=1)
· Anti-SRP (DV: negative=0; positive=1)
· Another positive autoantibody (DV: negative=0; positive=1)
· Another positive autoantibody (categorical variable). We will ask participants to also include in this section information about ANA titer, IIF pattern and date of initial sampling.

· Complementary diagnostic exams:
· Muscle biopsy with myositis evidence (DV: no=0; yes=1)
· Elevated muscle enzymes:
· CK (DV: no=0; yes=1)
· LDH (DV: no=0; yes=1)
· Aldolase (DV: no=0; yes=1)
· AST (DV: no=0; yes=1)
· ALT (DV: no=0; yes=1)
· Myopathic alterations in EMG (DV: no=0; yes=1)
· MRI with myositis evidence (DV: no=0; yes=1)

· Disease Activity Scores (at baseline; worst value):
· Number of painful joints (CV)
· Number of swollen joints (CV)
· Patient Global Assessment (CV)
· HAQ-DI (CV)
· MMT8 (CV)
· Modified DAS skin (CV)

· Clinical Characteristics:
· Muscular involvement characterization:
· Proximal muscle weakness (DV: no=0; yes=1)
· Other muscle weakness (DV: no=0; yes=1)
· Skin involvement characterization:
· Heliotrope rash (DV: no=0; yes=1)
· Gottron’s sign or papules (DV: no=0; yes=1)
· Periungual capillary changes (DV: no=0; yes=1)
· Lipodystrophy (DV: no=0; yes=1)
· Calcinosis (DV: no=0; yes=1)
· Digital ulcers (DV: no=0; yes=1)
· Generalized subcutaneous oedema (DV: no=0; yes=1)
· Periorbital subcutaneous oedema (DV: no=0; yes=1)
· Malar/ facial rash (DV: no=0; yes=1)
· Shawl sign (DV: no=0; yes=1)
· Mechanic’s hands (DV: no=0; yes=1)
· Alopecia (DV: no=0; yes=1)
· Vasculopathy lesions (DV: no=0; yes=1)
· Photosensitivity (DV: no=0; yes=1)
· Livedo reticularis (DV: no=0; yes=1)
· Panniculitis (DV: no=0; yes=1)
· Other skin involvement (DV: no=0; yes=1)
· Other skin involvement (categorical variable)

· Organ involvement characterization
· Musculoskeletal involvement (DV: no=0; yes=1)
· Arthritis (DV: no=0; yes=1)
· Contractures (DV: no=0; yes=1)
· Gastrointestinal involvement (DV: no=0; yes=1)
· Dysphagia (DV: no=0; yes=1)
· Dysphonia (DV: no=0; yes=1)
· Abdominal pain or gastrointestinal ulcers (DV: no=0; yes=1)
· Lung involvement – interstitial lung disease (DV: no=0; yes=1)
· Heart involvement (DV: no=0; yes=1)

· Constitutional involvement characterization:
· Fever (DV: no=0; yes=1)
· Weight loss (DV: no=0; yes=1)
· Fatigue (DV: no=0; yes=1)
· Raynaud’s phenomenon (DV: no=0; yes=1)
· Neoplasia (DV: no=0; yes=1)

7.3. Variables to be created (calculated)
· Age at disease onset (CV): (“Date of first symptom” – “Date of birth”) in days / 365
· Age at diagnosis (CV): (“Date of diagnosis” – “Date of birth”) in days / 365
· Age at initial ANA sampling (CV): (“Date of ANA sampling” – “Date of birth”) in days / 365
· Diagnostic delay in years (CV): (“Date of diagnosis” – “Date of first symptom”) in days / 365. 

8. Statistical analysis 
[bookmark: _Hlk173097400]Data cleaning and organization will be performed with Microsoft Excel. Then, statistical analysis will be carried out using IBM SPSS Statistical Package, version 28. Statistical significance will be set at p < 0.05. If multiple comparisons are performed, we will perform a Bonferroni correction for the p-value.
Patients will be generally divided into two main groups that will be compared: with (Group A) and without (Group B) agreement between MAs and ANA IIF pattern. Additionally, a third group (undetermined agreement) will also be created (Group C). We will group the patients in different datasets so that we can perform sensitivity analysis:
· Dataset A (the most stringent one – agreement of the single MSA/MAA with the complete ANA IIF pattern, excluding seronegative patients)
· Group A: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive) corresponding to the correct ANA IIF Code/Pattern;
· Group B: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive) not corresponding to the correct ANA IIF Code/Pattern;
· Group C: Seronegative patients; patients with multiple MSA/MAAs (unless it is just Ro52); patients without a fully reported ANA IIF Code/Pattern; all other non-A/non-B patients.
· Dataset B (the 2nd most stringent one – agreement of the single MSA/MAA with the complete ANA IIF pattern, including seronegative/AC-0 patients)
· Group A: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive), corresponding to the correct ANA IIF Code/Pattern + seronegative patients with AC-0;
· Group B: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive) not corresponding to the correct ANA IIF Code/Pattern;
· Group C: patients with multiple MSA/MAAs (unless it is just Ro52); patients without a fully reported ANA IIF Code/Pattern; all other non-A/non-B patients.
· Dataset C (agreement of any MSA/MAA with the complete ANA IIF pattern, including seronegative/AC-0 patients)
· Group A: Patients with any MSA or MAA (except Ro52), corresponding to the correct ANA IIF Code/Pattern + seronegative patients with AC-0;
· Group B: Patients with a single MSA or MAA, of which none corresponds to the correct ANA IIF Code/Pattern (except Ro52);
· Group C: patients without a fully reported ANA IIF Code/Pattern; all other non-A/non-B patients.
· Dataset D (agreement of a single MSA/MAA with the broad ANA IIF pattern, excluding seronegative/AC-0 patients)
· Group A: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive) corresponding to the correct broad ANA IIF Pattern;
· Group B: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive) not corresponding to the correct broad ANA IIF Pattern;
· Group C: Seronegative patients; patients with multiple MSA/MAAs (unless it is just Ro52); all other non-A/non-B patients.
· Dataset E (agreement of a single MSA/MAA with the broad ANA IIF pattern, including seronegative/AC-0 patients)
· Group A: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive) corresponding to the correct broad ANA IIF Pattern + seronegative patients with AC-0;
· Group B: Patients with a single MSA or MAA (Ro52 may be accepted as co-positive) not corresponding to the correct broad ANA IIF Pattern;
· Group C: patients with multiple MSA/MAAs (unless it is just Ro52); all other non-A/non-B patients.
· Dataset F (the least stringent – agreement of any MSA/MAA with the broad ANA IIF pattern, including seronegative/AC-0 patients)
· Group A: Patients with any MSA or MAA (except Ro52), corresponding to the correct broad ANA IIF Pattern + seronegative patients with AC-0;
· Group B: Patients with at least one MSA or MAA, of which none corresponds to the correct broad ANA IIF Pattern (except Ro52);
· Group C: all other non-A/non-B patients.
Dataset B will be the main dataset for the work, and all other Datasets will be used to strengthen the obtained results through sensitivity analysis.
Therefore, for Dataset B, a descriptive analysis of Groups A, B, and C will be performed (and Groups A and B will be statistically compared, and its results reported). Descriptive data will be presented as absolute and relative frequencies for categorical variables, as mean and standard deviation for continuous normal variables, and as median and interquartile range for continuous non-normal variables. Normality will be assessed using the Shapiro-Wilk test.
Secondly, a univariate analysis (focusing on Dataset B) will be conducted, comparing groups A and B. Differences in CVs will be analyzed using the independent samples t-test or the Mann-Whitney U test, as appropriate. Differences in categorical variables will be analyzed using the Chi-square test. 

9. Expected results and limitations 
9.1. Expected results 
With this work, we expect to better understand the clinical impact of the agreement between MAs and ANA IIF pattern in IIM. 
9.2. Limitations 
Considering the observational design of this study, one of the inherent limitations is missing data, since Reuma.pt might be incomplete. To reduce the impact of this issue, we will ask participating centers, whenever possible, to complete any missing information with data from patients’ medical records.

10. Timeline 
· Literature review, study design, and elaboration of research protocol: June-July 2024;
· Submission of research protocol to Reuma.pt and Ethics Commission: July-August 2024;
· Invitation to all national centers to partake in the project: September 2024;
· First data extraction, exploratory analysis, and creation of Microsoft Excel document: October 2024;
· First data completion by participating centers: November-December 2024;
· Second data extraction, exploratory analysis, and creation of Microsoft Excel document: January 2025;
· Second data completion by participating centers with missing information: February-March 2025;
· Data analysis: April-May 2025;
· Final report and abstract submission for presentation at national and international congresses: June 2025;
· Preparation of the manuscript for submission to publication: July-August 2025.

11. Ethics 

This study will be conducted according to the Declaration of Helsinki (revised in 2013, in Fortaleza, Brazil [15]) and will be submitted for evaluation and approval to the Ethics Committee of Centro Académico Clínico Egas Moniz Health Alliance and the Reuma.pt National Committee. Databases will be fully anonymized. All patients must have signed the Reuma.pt informed consent to be included.
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