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Abstract:
Objective We evaluated the performance of the revised classification criteria for assessing different sys-

temic autoimmune rheumatic diseases and their overlap syndromes.

Methods A total of 652 patients with or highly suspected of having systemic lupus erythematosus (SLE),

systemic sclerosis (SSc), polymyositis (PM)/dermatomyositis (DM) or rheumatoid arthritis (RA)were included

in this study. The 1997 revised American College of Rheumatology (ACR) and the 2019 European League

Against Rheumatism (EULAR)/ACR criteria for SLE, the 1980 ACR and the 2013 ACR/EULAR criteria for

SSc, the criteria by Bohan and Peter and the 2017 EULAR/ACR criteria for PM/DM, and the 1987 revised

ACR and 2011 ACR/EULAR criteria for RA were used for disease classification.

Results The old and new criteria and a clinical diagnosis were used to respectively classify 103, 106 and

105 SLE patients; 35, 47 and 58 SSc patients; 18, 23 and 33 PM/DM patients; and 297, 389 and 468 RA pa-

tients. Sensitivity increased from 82.9% to 92.4% in SLE, from 56.9% to 79.3% in SSc, from 54.5% to

66.7% in PM/DM, and from 62.6% to 80.8% in RA. SLE-SSc was the predominant type of clinical overlap

syndrome, while SLE-RA was the most classifiable.

Conclusion The revised classification criteria for all the diseases showed an improved sensitivity, and SLE-

overlap syndrome was predominant, regardless of the criteria sets.
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Introduction

Systemic autoimmune rheumatic diseases (SARDs) such

as systemic lupus erythematosus (SLE), systemic sclerosis

(SSc), polymyositis (PM)/dermatomyositis (DM) and rheu-

matoid arthritis (RA) are multi-organ, inflammatory diseases

that primarily affect the connective tissues and/or blood ves-

sels. The etiology is unknown, and various manifestations as

well as heterogeneous laboratory, imaging and histological

findings exist among patients with the same disease.

While no diagnostic criteria for SARDs with 100% sensi-

tivity and specificity have yet been established, even after

decades of research (1, 2), classification criteria that do not

require a gold standard and have roughly 90% sensitivity

and specificity are acceptable for the formation of patient

groups for clinical studies. These criteria have undergone

many revisions thus far. For example, the American College

of Rheumatology (ACR) classification criteria for SLE were

revised in 1997 (3), followed by the Systemic Lupus Inter-
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national Collaborating Clinics (SLICC) criteria reported in

2012 (4) and the European League Against Rheumatism

(EULAR)/ACR criteria published in 2019 (5). The ACR pre-

liminary classification criteria for systemic sclerosis devel-

oped in 1980 (6) and their revision, published by ACR/EU-

LAR in 2013 (7). Bohan and Peter developed criteria for

PM/DM in 1975 (8) and the EULAR/ACR criteria were re-

ported in 2017 (9). The ACR criteria for RA were revised in

1987 (10), and the ACR/EULAR criteria were reported in

2010 (11).

When making a clinical diagnosis for individual patients,

the above classification criteria are referenced. However, dif-

ferential diagnoses must be considered stringently before

reaching a conclusive diagnosis, due to the limited specific-

ity of these criteria. In addition, the diagnosis of any SARD

can be made even without meeting the classification criteria

in a small proportion of patients because the sensitivity of

the classification criteria is limited.

Thus far, more than 100 disease susceptibility genes, such

as human leukocyte antigen, have been identified for

RA (12). The differential expression of certain genes, such

as interferon regulatory factor 5 (IRF5), signal transducer

and activator of transcription 4 (STAT4), and B lymphoid

tyrosine kinase (BLK), are shared between SLE and

SSc (13). Patients with clinical features that meet the classi-

fication criteria for two or more SARDs are described as

having “overlap syndrome” (14, 15). However, while many

studies validating the new classification criteria have been

performed, few have simultaneously evaluated the classifica-

tion criteria of several SARDs with taking into account

overlap syndrome.

Therefore, in the present study, we assessed the perform-

ance of the “new” classification criteria for SLE, SSc, PM/

DM and RA and compared it with that of the previous

(“old”) criteria. In addition, we assessed overlap syndromes

using the old and new criteria sets.

Materials and Methods

Patients

Among 963 patients with SARDs who visited Toho Uni-

versity Ohashi Medical Center between May 2011 and July

2017, 652 were enrolled in this study, and their medical

charts were reviewed. At first presentation, they were diag-

nosed with - or at least highly suspected of having - one or

more of the following SARDs: SLE, SSc, PM/DM or RA.

The clinical diagnosis was determined by the Japan College

of Rheumatology-board certified rheumatologists according

to the patients’ history, clinical signs and symptoms, labora-

tory, imaging and histopathological findings (when available

and appropriate), results of full differential diagnostic proce-

dures and reference to available classification criteria.

Study design

This was a cross-sectional and observational study. The

primary endpoint was the sensitivity of the old and new

classification criteria for each of the SARDs considered in

this study. The study protocol was approved by the Ethics

Committee of Toho University Ohashi Medical Center, and

all procedures were carried out in compliance with the Dec-

laration of Helsinki. The need for written informed patient

consent was waived by the Ethics Committee of Toho Uni-

versity Ohashi Medical Center in view of the retrospective

and observational nature of the study.

Classification criteria

For the classification of SLE, the 1997 revised ACR clas-

sification criteria (3) and the 2019 EULAR/ACR classifica-

tion criteria (5) were used. Similarly, the 1980 ACR prelimi-

nary criteria (6) and the 2013 ACR/EULAR criteria (7) were

used for SSc. Bohan and Peter’s criteria (8) and the 2017

EULAR/ACR criteria (9) were used for PM/DM. The 1987

ACR criteria (10) and the 2010 ACR/EULAR criteria (10)

were both used for RA. Overlap syndrome was defined as

the fulfillment of two or more classification criteria sets

among the old (3, 6, 8, 10) or new sets (5, 7, 9, 11).

Statistical analyses

The statistical analyses were performed using the JMP

Pro software program (version 14.2; SAS Institute Japan,

Tokyo, Japan). Continuous variables were presented as me-

dians and interquartile ranges (IQRs), and binomial data

were expressed as numbers and percentages.

Results

Demographic features of the enrolled patients

The median age of the 652 patients was 69 (IQR: 53-78)

years old, and 531 (81.4%) of them were women (Table 1).

The median disease duration was 8.4 (IQR: 4.6-15.4) years.

The clinical diagnoses made by attending rheumatologists

were SLE in 105 patients, SSc in 58 patients, PM in 16 pa-

tients, DM in 17 patients and RA in 468 patients.

Raynaud’s phenomenon, symmetrical arthritis, interstitial

lung disease and proteinuria were observed in 70 (10.7%),

387 (59.4%), 70 (10.7%) and 69 (10.6%) patients, respec-

tively. Serum antinuclear antibody (ANA) and rheumatoid

factor (RF) were positive in 455 (69.7%) and 377 (57.8%)

patients, respectively.

The comparison of old and new classification crite-

ria for SLE, SSc, PM/DM and RA

A total of 103 and 106 patients met the old and the new

SLE criteria, respectively (Figure). Similarly, 35 and 47 pa-

tients met the old and the new SSc criteria, respectively.

Eleven and seven (a total of 18) patients met the old PM

and DM criteria, respectively, while 12 and 11 (total of 23)

patients met the new PM and DM criteria, respectively. For

RA, 297 met the old criteria, whereas 389 met the new cri-

teria. Thus, more patients were classified as per the new cri-
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Table　1.　Demographic and Clinical 
Features of the Enrolled Patients.

Baseline characteristics Values

Female 531 (81.4)

Age, (years) 69 (53-78)

Disease duration, (years) 8.4 (4.6-15.4)

Clinical diagnosis

SLE 105 (16.1)

SSc 58 (8.9)

PM/DM 33 (5.1)

RA 468 (71.9)

Raynaud 70 (10.7)

Photosensitivity 17 (2.6)

Malar rash 51 (7.8)

Proximal scleroderma 23 (3.5)

Sclerodactyly 47 (7.2)

Heliotrope rash 7 (1.1)

Gottron’s papule 6 (0.9)

Gottron’s sign 9 (1.4)

Morning stiffness >1 hour 263 (40.3)

Symmetrical arthritis 387 (59.4)

Proximal muscle weakness 17 (2.6)

Pleuritis 32 (4.9)

Interstitial lung disease 70 (10.7)

Proteinuria 69 (10.6)

Elevated serum CK 19 (2.9)

Elevated ESR 501 (76.8)

Elevated serum CRP 469 (71.9)

ANA positive 455 (69.7)

RF positive 377 (57.8)

Values are represented as number (%) or median 

(IQR).

ANA: serum antinuclear antibody, CK: creatine ki-

nase, CRP: C-reactive protein, IQR: interquartile 

range, PM/DM: polymyositis/dermatomyositis, RA: 

rheumatoid arthritis, RF: rheumatoid factor, SLE: 

systemic lupus erythematosus, SSc: systemic sclero-

sis

teria than the old criteria.

Accordingly, the sensitivity significantly increased from

82.9% [old: 95% confidence interval (CI), 77.0-87.3%] to

92.4% (new: 95% CI, 87.8-95.4%) in SLE, from 56.9%

(old: 95% CI, 49.9-59.4%) to 79.3% (new: 95% CI, 73.3-

80.7%) in SSc, from 54.5% (old: 95% CI, 45.9-54.5%) to

66.7% (new: 95% CI, 56.8-69.2%) in PM/DM, and from

62.6% (old: 95% CI, 61.4-63.1%) to 80.8% (new: 95% CI,

79.2-81.8%) in RA, respectively. Although this study did not

intend to evaluate the specificity of old and new classifica-

tion criteria, it was calculated as 97.1% (old: 95% CI, 95.9-

97.9%) and 98.4% (new: 95% CI, 97.5-98.9%) in SLE,

99.7% (old: 95% CI, 99.0-99.9%) and 99.8% (new: 95% CI,

99.2-100%) in SSc, 100% (old: 95% CI, 99.5-100%) and

99.8% (new: 95% CI, 99.3-100%) in PM/DM, and 97.8%

(old: 95% CI, 94.7-99.1%) and 94.0% (new: 95% CI, 90.1-

96.6%) in RA.

Overlap syndrome

The clinical diagnosis of overlap syndrome was SLE-SSc

in six patients (including one SLE-SSc-RA) and SLE-PM

and SLE-DM in one patient each. RA-overlap syndrome

with SLE, SSc, PM and DM was seen in three, two, one

and two patients, respectively (Table 2). In addition, 23 and

27 patients were identified as having overlap syndrome

based on the old and the new criteria sets, respectively.

However, the classification criteria for RA indicated the

elimination of patients with arthritis due to other diseases.

The clinical diagnosis of RA-overlap was thus restricted to

seropositive and erosive patients. Therefore, we also exam-

ined the number of patients with overlap syndromes other

than that involving RA. The number of patients with overlap

syndrome was reduced to seven (including five with SLE-

SSc and two with SLE-PM) based on the old criteria sets

and to six (including five with SLE-SSc and one with SLE-

PM) based on the new criteria sets.

Discussion

This is the first study performed to compare the revised/

new classification criteria with the previous/old version for

SLE, SSc, PM/DM and RA simultaneously, thereby demon-

strating an improved sensitivity. It also evaluated overlap

syndrome, which should be elucidated because recent stud-

ies demonstrated the shared genetic backgrounds among

SARDs (13).

Studies validating the revised criteria have been per-

formed separately for RA (16-20), SLE (21-27) and

SSc (28-30). Although most of the studies showed an im-

proved sensitivity using the revised/new criteria, some

authors have suggested a lower cut-off point to further im-

prove the sensitivity (16, 30). However, an improvement in

sensitivity is inevitably accompanied by a loss of specificity,

which is important for classification criteria (1, 2) and must

be 100% for diagnostic criteria. A simple reduction in the

cut-off point may therefore not be widely acceptable.

The higher sensitivity for the diagnosis of SLE, SSc and

PM/DM in the new criteria than in the older criteria is at-

tributable to the inclusion of various manifestations and

laboratory tests. Interestingly, the sensitivity of both criteria

for SLE were greater than those for other diseases. This was

probably because of the reference to the classification crite-

ria before making a clinical diagnosis of SLE, due to exten-

sive systemic and multi-organ involvement.

The clinical diagnosis as an overlap syndrome of SARDs

is made in patients with manifestations and test results that

can be explained by two or more types of SARDs rather

than a single one. The complete fulfillment of two or more

classification criteria for different SARDs is applied for

clinical studies of overlap syndrome.

In addition, mixed connective tissue disease (MCTD) is

an entity of SARD characterized by the presence of anti-U1-

RNP antibodies and a combination of clinical manifestations
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Figure.　Venn diagrams of the patients categorized based on the clinical diagnosis and old and new 
classifications of systemic lupus erythematosus (SLE), systemic sclerosis (SSc), polymyositis (PM)/
dermatomyositis (DM) and rheumatoid arthritis (RA). The numbers represent the patients distrib-
uted in each category. Categorization based on the clinical diagnosis is shown in light blue, the old 
classification is in light brown, and the new classification is in light green.

Table　2.　Distribution of Patients with Overlap Syndromes.

Diseases
Clinical 

diagnosis
Old 

classification
New 

classification

SLE SSc PM/DM RA

+ + + + 0 0 0

- + + + 0 0 0

+ - + + 0 1 1
- - + + 3 2 3
+ + - + 1 1 1
- + - + 2 0 2
+ - - + 3 14 16
- - - + 459 279 366

+ + + - 0 0 0

- + + - 0 0 0

+ - + - 2 1 0

- - + - 28 14 19

+ + - - 5 4 4
- + - - 50 30 40

+ - - - 94 82 84

- - - - 5 224 116

Numbers in bold indicate patients with overlap syndromes diagnosed based on clinical 

diagnosis or classification criteria. PM/DM: polymyositis/dermatomyositis, RA: rheu-

matoid arthritis, SLE: systemic lupus erythematosus, SSc: systemic sclerosis

satisfying the requirements for at least two of them (31-33).

Five patients were clinically diagnosed with MCTD, and

two of them met both the old and new criteria sets for SLE-

SSc overlap. In clinical practice, the diagnosis of MCTD

should be carefully considered in patients who meet the cri-

teria for SLE, SSc and PM/DM (33).

Another concern includes the RA-overlap in SARDs. This

is because the 2010 ACR/EULAR criteria exclude patients

with synovitis, which can be better explained by another

disease (11), while the SLE criteria exclude erosive arthri-

tis (3). Therefore, our final investigation of overlap syn-

drome excluded cases of RA-overlap alone, although the

clinical diagnosis of RA-overlap is made in patients with

erosive arthritis and RA-specific autoantibodies, such as
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anti-citrullinated peptide/protein antibody.

Several limitations associated with the present study war-

rant mention, including the limited sample size, the lack of

a precise specificity evaluation and a cohort including only

Japanese patients from a single center. Nonetheless, this is

the first study that simultaneously compared the revised/new

classification criteria with the previous/old version for SLE,

SSc, PM/DM and RA, as well as their overlap syndromes.

In conclusion, all of the revised classification criteria for

SLE, SSc, PM/DM and RA showed improved sensitivity,

and SLE-overlap syndrome was found to be predominant,

regardless of the criteria sets. These encouraging results may

support future revisions of classification criteria for the de-

velopment of ideal diagnostic criteria.

The authors state that they have no Conflict of Interest (COI).

Financial Support
This work was partly supported by Health and Labour Sci-

ences Research Grants for research on intractable diseases (The

Research Team for Autoimmune Diseases) from the Ministry of

Health, Labour and Welfare of Japan for H.K.

References

1. Singh JA, Solomon DH, Dougados M, et al. Development of clas-

sification and response criteria for rheumatic diseases. Arthritis

Rheum 55: 348-352, 2006.

2. Aggarwal R, Ringold S, Khanna D, et al. Distinction between di-

agnostic and classification criteria? Arthritis Care Res (Hoboken)

67: 891-897, 2015.

3. Hochberg MC. Updating the American College of Rheumatology

revised criteria for the classification of systemic lupus erythemato-

sus. Arthritis Rheum 40: 1725, 1997.

4. Petri M, Orbai AM, Alarcón GS, et al. Derivation and validation

of systemic lupus international collaborating clinics classification

criteria for systemic lupus erythematosus. Arthritis Rheum 64:

2677-2686, 2012.

5. Aringer M, Costenbader K, Daikh D, et al. 2019 European League

Against Rheumatism/American College of Rheumatology classifi-

cation criteria for systemic lupus erythematosus. Arthritis Rheum

71: 1400-1412, 2019.

6. Masi AT, Rodnan GP, Medsger TA, et al.; Subcommittee for

scleroderma criteria of the American Rheumatism Association Di-

agnostic and Therapeutic Criteria Committee. Preliminary criteria

for the classification of systemic sclerosis (scleroderma). Arthritis

Rheum 23: 581-590, 1980.

7. van den Hoogen F, Khanna D, Fransen J, et al. Classification cri-

teria for systemic sclerosis: an ACR-EULAR collaborative initia-

tive. Arthritis Rheum 65: 2737-2747, 2013.

8. Bohan A, Peter JB. Polymyositis and dermatomyositis (first of two

parts). N Engl J Med 292: 344-347, 1975.

9. Lundberg IE, Tjärnlund A, Bottai M, et al.; International Myositis

Classification Criteria Project consortium, the Euromyositis regis-

ter, and the Juvenile dermatomyositis cohort biomarker study and

repository (JDRG) (UK and Ireland). 2017 European League

Against Rheumatism/American College of Rheumatology classifi-

cation criteria for adult and juvenile idiopathic inflammatory

myopathies and their major subgroups. Ann Rheum Dis 76: 1955-

1964, 2017. Erratum in: Ann Rheum Dis 77: e64, 2018.

10. Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheu-

matism Association 1987 revised criteria for the classification of

rheumatoid arthritis. Arthritis Rheum 31: 315-324, 1988.

11. Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis

classification criteria: an American College of Rheumatology/

European League Against Rheumatism collaborative initiative. Ar-

thritis Rheum 62: 2569-2581, 2010.

12. Okada Y, Eyre S, Suzuki A, Kochi Y, Yamamoto K. Genetics of

rheumatoid arthritis: 2018 status. Ann Rheum Dis 78: 446-453,

2019.

13. Tsuchiya N, Ito I, Kawasaki A. Association of IRF5, STAT4 and

BLK with systemic lupus erythematousus and other rheumatic dis-

eases. Nihon Rinsho Meneki Gakkai Kaishi (Jpn J Clin Immunol)

33: 57-65, 2010.

14. Maddison PJ. Overlap syndromes and mixed connective tissue dis-

ease. Curr Opin Rheumatol 3: 995-1000, 1991.

15. Kameda H, Kuwana M, Hama N, Kaburaki J, Homma M. Coexis-

tence of serum anti-DNA topoisomerase I and anti-Sm antibodies:

report of 3 cases. J Rheumatol 24: 400-403, 1997.

16. Kaneko Y, Kuwana M, Kameda H, Takeuchi T. Sensitivity and

specificity of 2010 rheumatoid arthritis classification criteria.

Rheumatology (Oxford) 50: 1268-1274, 2011.

17. Britsemmer K, Ursum J, Gerritsen M, van Tuyl LH,

van Schaardenburg D. Validation of the 2010 ACR/EULAR classi-

fication criteria for rheumatoid arthritis: slight improvement over

the 1987 ACR criteria. Ann Rheum Dis 70: 1468-1470, 2011.

18. Bykerk VP, Massarotti EM. The new ACR/EULAR classification

criteria for RA: how are the new criteria performing in the clinic?

Rheumatology (Oxford) 51: vi10-vi15, 2012.

19. Zhao J, Su Y, Li R, et al. Classification criteria of early rheuma-

toid arthritis and validation of its performance in a multi-centre

cohort. Clin Exp Rheumatol 32: 667-673, 2014.

20. Le Loët X, Nicolau J, Boumier P, et al. Validation of the 2010-

ACR/EULAR-classification criteria using newly EULAR-defined

erosion for rheumatoid arthritis on the very early arthritis

community-based (VErA) cohort. Joint Bone Spine 82: 38-41,

2015.

21. Inês L, Silva C, Galindo M, et al. Classification of systemic lupus

erythematosus: Systemic Lupus International Collaborating Clinics

versus American College of Rheumatology criteria. A comparative

study of 2,055 patients from a real-life, international systemic lu-

pus erythematosus cohort. Arthritis Care Res 67: 1180-1185, 2015.

22. Dahlström ö, Sjöwall C. The diagnostic accuracies of the 2012

SLICC criteria and the proposed EULAR/ACR criteria for sys-

temic lupus erythematosus classification are comparable. Lupus

28: 778-782, 2019.

23. Petri M, Goldman DW, Alarcón GS, et al. Comparison of 2019

Alliance of Association for Rheumatology/American College of

Rheumatology systemic lupus erythematosus classification criteria

with two sets of earlier systemic lupus erythematosus classification

criteria. Arthritis Care Res (Hoboken) 73: 1231-1235, 2021.

24. Teng J, Ye J, Zhou Z, et al. A comparison of the performance of

the 2019 European League Against Rheumatism/American College

of Rheumatology criteria and the 2012 Systemic Lupus Interna-

tional Collaborating Clinics criteria with the 1997 American Col-

lege of Rheumatology classification criteria for systemic lupus

erythematosus in new-onset Chinese patients. Lupus 29: 617-624,

2020.

25. Suda M, Kishimoto M, Ohde S, Okada M. Validation of the 2019

ACR/EULAR classification criteria of systemic lupus erythemato-

sus in 100 Japanese patients: a real-world setting analysis. Clin

Rheumatol 39: 1823-1827, 2020.

26. Lee EE, Lee EB, Park JK, Lee EY, Song YW. Performance of the

2019 European League Against Rheumatism/American College of

Rheumatology classification criteria for systemic lupus erythema-

tosus in Asian patients: a single-centre retrospective cohort study

in Korea. Clin Exp Rheumatol 38: 1075-1079, 2020.



Intern Med 61: 1947-1952, 2022 DOI: 10.2169/internalmedicine.8487-21

1952

27. Adamichou C, Nikolopoulos D, Genitsaridi I, et al. In an early

SLE cohort the ACR-1997, SLICC-2012 and EULAR/ACR-2019

criteria classify non-overlapping groups of patients: use of all

three criteria ensures optimal capture for clinical studies while

their modification earlier classification and treatment. Ann Rheum

Dis 79: 232-241, 2020.

28. Valenzuela A, Yaqub A, Florentino D, Krishnan E, Chung L. Vali-

dation of the ICD-9-CM code for systemic sclerosis using updated

ACR/EULAR classification criteria. Scand J Rheumatol 44: 253-

255, 2015.

29. Melchor S, Joven BE, Andreu JL, et al. Validation of the 2013

American College of Rheumatology/European League Against

Rheumatism classification criteria for systemic sclerosis in patients

from a capillaroscopy clinic. Semin Arthritis Rheum 46: 350-355,

2016.

30. Araújo FC, Camargo CZ, Kayser C. Validation of the ACR/EU-

LAR classification criteria for systemic sclerosis in patients with

early scleroderma. Rheumatol Int 37: 1825-1833, 2017.

31. Gunnarsson R, Hetlevik SO, Lilleby V, Molberg Ø. Mixed connec-

tive tissue disease. Best Pract Res Clin Rheumatol 30: 95-111,

2016.

32. Martínez-Barrio J, Valor L, López-Longo FJ. Facts and controver-

sies in mixed connective tissue disease. Med Clin (Barc) 150: 26-

32, 2018.

33. Tanaka Y, Kuwana M, Fujii T, et al. 2019 diagnostic criteria for

mixed connective tissue disease: from the Japan research commit-

tee of the ministry of health, labor, and welfare for systemic auto-

immune diseases. Mod Rheumatol 31: 29-33, 2021.

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2022 The Japanese Society of Internal Medicine

Intern Med 61: 1947-1952, 2022


