
1 

SUPPLEMENTARY MATERIAL 1 

The global epidemiology of systemic lupus erythematosus: a 

comprehensive systematic analysis and modelling study 

Jingru Tian1,2,3, Dingyao Zhang4,5, Xu Yao1, Yaqing Huang6, and Qianjin Lu1,2,3* 

1Institute of Dermatology, Chinese Academy of Medical Sciences and Peking Union 
Medical College, Nanjing, China 

2Key Laboratory of Basic and Translational Research on Immune-Mediated Skin 
Diseases, Chinese Academy of Medical Sciences, Nanjing, China  
3Jiangsu Key Laboratory of Molecular Biology for Skin Diseases and STIs, Nanjing, China 

4Graduate Program in Biological and Biomedical Sciences, Yale University, New Haven, 
USA 

5Program in Computational Biology and Bioinformatics, Yale University, New Haven, 
USA 

6Department of Pathology, Yale University, New Haven, USA

* Correspondence should be addressed to:

Qianjin Lu, 12 Jiangwangmiao Street, Xuanwu, Nanjing, Jiangsu, China 210042. 

Telephone: 025-85478999; Fax: 025-85414477;  

Email: qianlu5860@pumcderm.cams.cn 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2022-223035–356.:351 82 2023;Ann Rheum Dis, et al. Tian J



 

2 
 

Appendices index 

Appendix 1 Detailed methods ............................................................................... 3 

Appendix 2 Search strategy ................................................................................... 5 

Appendix 3 Literature search and selection............................................................ 7 

Appendix 4 Characteristics of studies reporting on incidence of AD ........................ 8 

Appendix 5 Quality assessment of studies using the AXIS tool .............................. 50 

Appendix 6 Countries and territories in analysis regions ....................................... 55 

Appendix 7 Statistical methods for incidence and prevalence calculation .............. 57 

Appendix 8 Trace plots for covariates in the Bayesian multilevel model ................ 59 

Appendix 9 Subgroup analysis of classification criteria and diagnostic method ...... 61 

Appendix 10 Validate the accuracy of the Bayesian model .................................... 64 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2022-223035–356.:351 82 2023;Ann Rheum Dis, et al. Tian J



 

 
3 

 

Definitions and analytic framework 

We performed a systematic review and meta-analysis of the incidence and 

prevalence of systemic lupus erythematosus (SLE). Incidence data were summarized 

descriptively, whereas using prevalence data we generated global, regional, and 

country-specific estimates of the prevalence of the disease for 2022. 

The study was carried out according to the following main steps: 

 Descriptive summary of incidence and prevalence data. 

 Development of a hierarchical model to estimate the global, regional, and country-

specific prevalence and incidence of SLE. 

 

Appendix 1 Detailed methods 

a. Search strategy 

Two investigators (JR.T and DY.Z) systematically searched four electronic 

(MEDLINE, EMBASE, Web of Science, and China National Knowledge Infrastructure) 

from January 1, 1992 to May 7, 2022, appraised studies on eligibility, and extracted 

data independently. Data extracted from each study included citation data (title of the 

study, authors, publication year); study period; study population (country, ethnicity, 

age group, sex); study methods (diagnostic method (dermatologists, physician or self-

reported); outcome measure (incidence and/or prevalence); type of prevalence (point, 

period or life-time); and findings (number of people with SLE, values of the prevalence 

and/or incidence reported and their 95% confidence intervals (CIs)). Discrepancies 

were discussed and agreed by consensus. 

The MeSH and keyword search terms associated with SLE were used in each 

database. In order not to miss out on potentially useful articles, references cited in 

relevant reviews were also searched manually. 

b. Study selection 

We evaluated published articles at the title or abstract level, with divergences 

resolved after consensus by two independent investigators. If potentially relevant, we 

evaluated them as complete reports according to prespecified selection criteria. 

Studies from any country in the world and/or in any language were included if they met 
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the inclusion criteria. No restriction on the type of population regarding age, sex, and 

severity of SLE or regarding type of diagnosis (self-reported, physician diagnosis or 

dermatologist diagnosis) was applied. We excluded studies which are: 1) non-human 

studies; 2) not cross-sectional surveys or cohorts of representative (general) 

populations of a country or area of a country; 3) were not carried out on the general 

population (i.e. people were identified from specific populations such as department 

of rheumatology or dermatology clinics, or specific subgroups of the population); 4) 

focused only on comorbidities of SLE; 5) no clear definition of SLE, or combined with 

other autoimmune diseases. In addition, published articles which are: 1) without full 

text (i.e. abstracts and conference proceedings) or not reporting original studies (i.e. 

narrative reviews, meta-analyses, editorials, commentaries, protocols, guidelines, or 

perspectives); or 2) duplicate reports were also excluded. The search process of 

literature from published articles were shown below. 

c. Quality Assessment 

A formal assessment of the quality of the included studies was performed 

independently by two investigators (JR.T and DY.Z) using the Appraisal tool of Cross-

Sectional Studies (AXIS tool). The AXIS tool is a 20-item quality assessment tool 

designed to assist researchers to critically appraise studies, specifically in the process 

of conducting systemic reviews. The 20-items cover the following domains: 

identification of research aims, appropriateness of study design, use of valid measures 

and statistical analyses and consideration of bias. In the current systematic review, 

studies were classified as having high, medium, or low risk of bias or unclear according 

to the overall quality of the methods used and reporting of results in the study. The risk 

of bias assessment for individual studies was included in Table S8. 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2022-223035–356.:351 82 2023;Ann Rheum Dis, et al. Tian J



 

 
5 

 

Appendix 2 Search strategies 

Table S1. The search strategy in PubMed (Medline) 

# Terms Quotes 

4 #1 AND #2 NOT #3 20.188 

3 animals [mh] NOT humans [mh] 5.002.462 

2 ((incidence or incident) OR (exp Incidence/) OR (incidence stud*) OR (cohort 

stud*) OR (exp Cohort Studies/) OR (exp Follow-Up Studies/) OR (follow-up 

stud*) OR (prospective stud*) OR (exp Prospective Studies/) OR (longitudinal 

stud*) OR (exp Longitudinal Studies/) OR ((epidemiol* SLEj stud*)) OR (exp 

Epidemiologic Studies/) OR (exp Epidemiology/) OR (exp Prevalence/) OR 

(prevalence stud*) OR (exp Cross-Sectional Studies/) OR (cross-sectional stud*)) 

5.958.181 

1 (("Lupus Erythematosus, Systemic"[Mesh] OR Systemic Lupus Erythematosus OR 

Lupus Erythematosus Disseminatus OR Libman-Sacks Disease OR Disease, 

Libman-Sacks OR Libman Sacks Disease) OR ("Lupus Nephritis"[Mesh] OR Lupus 

Glomerulonephritis OR Nephritis, Lupus OR Lupus Nephritides OR Nephritides, 

Lupus OR Glomerulonephritis, Lupus OR Glomerulonephritides, Lupus OR Lupus 

Glomerulonephritides) OR (systemic lupus erythematosus)) 

81.475 

 

Table S2. The search strategy in Embase 

# Terms  Quotes 

3 #1 AND #2 AND [humans]/lim 6.044 

2 'Incidence'/exp OR 'Cohort Studies'/exp OR 'incidence or incident':ti,ab,kw OR 

'incidence stud*':ti,ab,kw OR 'cohort stud*':ti,ab,kw OR 'Follow-Up Studies 

'/exp OR 'follow-up stud*' OR 'prospective stud*' OR 'Prospective Studies'/exp 

OR 'longitudinal stud*' OR 'Longitudinal Studies'/exp OR 'epidemiol* SLEj 

stud*' OR 'Epidemiologic Studies'/exp OR 'Epidemiology'/exp OR 'prevalence 

or prevalen' OR 'Prevalence'/exp OR 'prevalence stud*' OR 'Cross-Sectional 
Studies'/exp OR 'cross-sectional stud*' 

6.403.284 

1 ('lupus erythematosus nephritis'/exp OR 'glomerulonephritis lupoid' OR 'lupoid 

nephritis' OR 'lupus erythematosus nephritis' OR 'lupus glomerulonephritis' OR 

'lupus kidney' OR 'lupus nephritis' OR 'lupus nephropathy' OR 'nephritis lupus 

erythematosus' OR 'nephritis systemic lupus erythematosus' OR 'systemic 

lupus erythematosis, nephritis') AND [embase]/lim 

19.482 

 

Table S3. Web of Science search (contain Web of Science Core Collection; MEDLINE; 

Current Contents Connect; SciELO Citation Index; Data Citation Index; and KCI-

Korean Journal Database) 

# Terms  Quotes 

1 TS=(incidence OR incident) 1.967.954 

2 TS=(incidence study or incidence studies) 1.012.097 

3 TS=(cohort study or cohort studies) 981.405 

4 TS=(follow-up study or follow-up studies or follow up study or follow up 

studies) 

1.894.102 

5 TS=(prospective study or prospective studies) 1.023.716 

6 TS=(longitudinal study or longitudinal studies) 505.799 

7 TS=(epidemiolo* study or epidemiolo* studies) 2.204.540 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2022-223035–356.:351 82 2023;Ann Rheum Dis, et al. Tian J

http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://www.ncbi.nlm.nih.gov/pubmed/advanced
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=47
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=50
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=50
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=51
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=51
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=52
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=52
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery&qnum=52


 

6 
 

8 TS=(epidemiology) 2.734.018 

9 TS=(prevalence OR prevalent) 1.679.733 

10 TS=(prevalence study or prevalence studies) 1.140.594 

11 TS=(cross-sectional study OR cross-sectional studies OR cross sectional study 

OR cross sectional studies) 

712.847 

12 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 7.963.989 

13 TS=(lupus erythematosus, systemic) 145.435 

14 TS=(lupus nephritis) 26.576 

15 TS=(lupus) 199.364 

16 TS=(lupus vasculitis) 14.108 

17 TS=(lupus erythematosus) 157.590 

18 TS=(systemic lupus erythematous) 2.318 

19 TS=(systemic lupus erythematosis) 1.810 

20 TS=(systemic lupus erythematosus) 145.435 

21 TS=(lupus erythematosus visceralis) 91 

22 #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 199.364 

23 #22 and #12 37.220 

 

Table S4. The search strategy in China National Knowledge Infrastructure (CNKI) 

# Terms  Quotes 

1 Incidence OR epidemiology OR prevalence 499.292 

2 Systemic lupus erythematosus 23.061 

3 #1 AND #2 191 
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Appendix 4 Characteristics of studies reporting on incidence of AD. 

Table S5. The Appraisal tool of Cross-Sectional Studies (AXIS tool) 

 

Question 

Yes No Don’t know/ 

Comment 

Introduction 

1 Were the aims/objectives of the study clear? 
   

Methods 

2 Was the study design appropriate for the stated aim(s)? 
   

3 Was the sample size justified? 
   

 

4 
Was the target/reference population clearly defined? (Is it clear who 

the research was about?) 

   

 

5 
Was the sample frame taken from an appropriate population base so 

that it closely represented the target/reference population under 

investigation? 

   

 

6 
Was the selection process likely to select subjects/participants that 

were representative of the target/reference population under 

investigation? 

   

7 Were measures undertaken to address and categorise non-

responders? 

   

 

8 
Were the risk factor and outcome variables measured appropriate 

to the aims of the study? 

   

 

9 
Were the risk factor and outcome variables measured correctly using 

instruments/measurements that had been trialled, piloted or 

published previously? 

   

 

10 
Is it clear what was used to determined statistical significance 

and/or precision estimates? (e.g. p-values, confidence intervals) 

   

 

11 
Were the methods (including statistical methods) sufficiently 

described to enable them to be repeated? 

   

Results 

12 Were the basic data adequately described? 
   

13 Does the response rate raise concerns about non-response bias? 
   

14 If appropriate, was information about non-responders described? 
   

15 Were the results internally consistent? 
   

16 Were the results presented for all the analyses described in the 

methods? 

   

Discussion 

17 Were the authors' discussions and conclusions justified by the results? 
   

18 Were the limitations of the study discussed? 
   

Other 

 

19 
Were there any funding sources or conflicts of interest that may affect 

the authors’ interpretation of the results? 

   

20 Was ethical approval or consent of participants attained? 
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Table S6. Characteristics of studies reporting on incidence of AD. 
No. Study Study time Incidence Country Reference 

45 Gonzalez Lucero et al., 
2020 

2005-2012 Incidence (ACR) Argentina Gonzalez Lucero L, Barbaglia AL, Bellomio VI, Bertolaccini MC, Machado 
Escobar MA, Sueldo HR, Yacuzzi MS, Carrizo GA, Robles N, Rengel S, Cristofari 
A, Leal MO, Vasquez DL, Quinteros A, Seleme G, Molina MJ, Pera OL, Dip R, Olea 
AC, Torres AY, Espindola Echazu M, Arquez G, Lazaro H, Colombres F, Juarez LA, 
Romano O, Paz S, Santana M, Galindo L, Lucero E. Prevalence and incidence of 
systemic lupus erythematosus in Tucumán, Argentina. Lupus. 2020 
Nov;29(13):1815-1820. 

98 Scolnik et al., 2014 1998-2009 Incidence (ACR) Argentina Scolnik M, Marin J, Valeiras SM, Marchese MF, Talani AS, Avellaneda NL, 
Etchepare A, Etchepare P, Plou MS, Soriano ER. Incidence and prevalence of 
lupus in Buenos Aires, Argentina: a 11-year health management organisation-
based study. Lupus Sci Med. 2014 Jun 5;1(1):e000021. 

65 Mackie et al., 2015 2009-2011 Incidence (ACR) Australia Mackie FE, Kainer G, Adib N, Boros C, Elliott EJ, Fahy R, Munro J, Murray K, 
Rosenberg A, Wainstein B, Ziegler JB, Singh-Grewal D. The national incidence 
and clinical picture of SLE in children in Australia - a report from the Australian 
Paediatric Surveillance Unit. Lupus. 2015 Jan;24(1):66-73. 

111 Anstey et al., 1993 1991 Incidence (ARA) Australia Anstey NM, Bastian I, Dunckley H, Currie BJ. Systemic lupus erythematosus in 
Australian aborigines: high prevalence, morbidity and mortality. Aust N Z J Med. 
1993 Dec;23(6):646-51. 

42 Flower et al., 2012 2000-2009 Incidence (ACR) Barbados Flower C, Hennis AJ, Hambleton IR, Nicholson GD, Liang MH; Barbados National 
Lupus Registry Group. Systemic lupus erythematosus in an African Caribbean 
population: incidence, clinical manifestations, and survival in the Barbados 
National Lupus Registry. Arthritis Care Res (Hoboken). 2012 Aug;64(8):1151-8. 

70 Molokhia et al., 2001 2007-2008 Incidence (ACR) Brazil Molokhia M, McKeigue PM, Cuadrado M, Hughes G. Systemic lupus 
erythematosus in migrants from west Africa compared with Afro-Caribbean 
people in the UK. Lancet. 2001 May 5;357(9266):1414-5. 

87 Vilar et al., 2002 2000 Incidence (ACR) Brazil Vilar MJ, Sato EI. Estimating the incidence of systemic lupus erythematosus in 
a tropical region (Natal, Brazil). Lupus. 2002;11(8):528-32. 
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10 Bernatsky et al., 2007 1994-2003 Incidence Canada Bernatsky S, Joseph L, Pineau CA, Tamblyn R, Feldman DE, Clarke AE. A 
population-based assessment of systemic lupus erythematosus incidence and 
prevalence--results and implications of using administrative data for 
epidemiological studies. Rheumatology (Oxford). 2007 Dec;46(12):1814-8. 

38 Fatoye et al., 2018 2000-2015 Incidence Canada Fatoye F, Gebrye T, Svenson LW. Real-world incidence and prevalence of 
systemic lupus erythematosus in Alberta, Canada. Rheumatol Int. 2018 
Sep;38(9):1721-1726. 

73 Ng et al., 2013 2001 Incidence Canada Ng R, Bernatsky S, Rahme E. Observation period effects on estimation of 
systemic lupus erythematosus incidence and prevalence in Quebec. J 
Rheumatol. 2013 Aug;40(8):1334-6. 

13 Chiu et al., 2010 2001 Incidence China Chiu YM, Lai CH. Nationwide population-based epidemiologic study of systemic 
lupus erythematosus in Taiwan. Lupus. 2010 Sep;19(10):1250-5. 

13 Chiu et al., 2010 2002 Incidence China Chiu YM, Lai CH. Nationwide population-based epidemiologic study of systemic 
lupus erythematosus in Taiwan. Lupus. 2010 Sep;19(10):1250-5. 

13 Chiu et al., 2010 2003 Incidence China Chiu YM, Lai CH. Nationwide population-based epidemiologic study of systemic 
lupus erythematosus in Taiwan. Lupus. 2010 Sep;19(10):1250-5. 

13 Chiu et al., 2010 2004 Incidence China Chiu YM, Lai CH. Nationwide population-based epidemiologic study of systemic 
lupus erythematosus in Taiwan. Lupus. 2010 Sep;19(10):1250-5. 

13 Chiu et al., 2010 2005 Incidence China Chiu YM, Lai CH. Nationwide population-based epidemiologic study of systemic 
lupus erythematosus in Taiwan. Lupus. 2010 Sep;19(10):1250-5. 

13 Chiu et al., 2010 2006 Incidence China Chiu YM, Lai CH. Nationwide population-based epidemiologic study of systemic 
lupus erythematosus in Taiwan. Lupus. 2010 Sep;19(10):1250-5. 

13 Chiu et al., 2010 2007 Incidence China Chiu YM, Lai CH. Nationwide population-based epidemiologic study of systemic 
lupus erythematosus in Taiwan. Lupus. 2010 Sep;19(10):1250-5. 

61 Leong et al., 2021 2003 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2022-223035–356.:351 82 2023;Ann Rheum Dis, et al. Tian J



 

 
11 

 

61 Leong et al., 2021 2004 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

61 Leong et al., 2021 2005 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

61 Leong et al., 2021 2006 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

61 Leong et al., 2021 2007 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

61 Leong et al., 2021 2008 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

61 Leong et al., 2021 2009 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

61 Leong et al., 2021 2010 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

61 Leong et al., 2021 2011 Incidence China Leong PY, Huang JY, Chiou JY, Bai YC, Wei JC. The prevalence and incidence of 
systemic lupus erythematosus in Taiwan: a nationwide population-based study. 
Sci Rep. 2021 Mar 11;11(1):5631. 

91 Yeh et al., 2013 2003 Incidence China Yeh KW, Yu CH, Chan PC, Horng JT, Huang JL. Burden of systemic lupus 
erythematosus in Taiwan: a population-based survey. Rheumatol Int. 2013 
Jul;33(7):1805-11. 
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91 Yeh et al., 2013 2004 Incidence China Yeh KW, Yu CH, Chan PC, Horng JT, Huang JL. Burden of systemic lupus 
erythematosus in Taiwan: a population-based survey. Rheumatol Int. 2013 
Jul;33(7):1805-11. 

91 Yeh et al., 2013 2005 Incidence China Yeh KW, Yu CH, Chan PC, Horng JT, Huang JL. Burden of systemic lupus 
erythematosus in Taiwan: a population-based survey. Rheumatol Int. 2013 
Jul;33(7):1805-11. 

91 Yeh et al., 2013 2006 Incidence China Yeh KW, Yu CH, Chan PC, Horng JT, Huang JL. Burden of systemic lupus 
erythematosus in Taiwan: a population-based survey. Rheumatol Int. 2013 
Jul;33(7):1805-11. 

91 Yeh et al., 2013 2007 Incidence China Yeh KW, Yu CH, Chan PC, Horng JT, Huang JL. Burden of systemic lupus 
erythematosus in Taiwan: a population-based survey. Rheumatol Int. 2013 
Jul;33(7):1805-11. 

91 Yeh et al., 2013 2008 Incidence China Yeh KW, Yu CH, Chan PC, Horng JT, Huang JL. Burden of systemic lupus 
erythematosus in Taiwan: a population-based survey. Rheumatol Int. 2013 
Jul;33(7):1805-11. 

112 Mok et al., 2008 2000 Incidence (ACR) China Mok CC, To CH, Ho LY, Yu KL. Incidence and mortality of systemic lupus 
erythematosus in a southern Chinese population, 2000-2006. J Rheumatol. 
2008 Oct;35(10):1978-82. 

112 Mok et al., 2008 2006 Incidence (ACR) China Mok CC, To CH, Ho LY, Yu KL. Incidence and mortality of systemic lupus 
erythematosus in a southern Chinese population, 2000-2006. J Rheumatol. 
2008 Oct;35(10):1978-82. 

48 Hermansen et al., 
2016 

1995-2011 Incidence Denmark Hermansen ML, Lindhardsen J, Torp-Pedersen C, Faurschou M, Jacobsen S. 
Incidence of Systemic Lupus Erythematosus and Lupus Nephritis in Denmark: A 
Nationwide Cohort Study. J Rheumatol. 2016 Jul;43(7):1335-9. 

60 Laustrup et al., 2009 1995 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
erythematosus in a Danish community: an 8-year prospective study. Scand J 
Rheumatol. 2009 Mar-Apr;38(2):128-32. 
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60 Laustrup et al., 2009 1996 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
erythematosus in a Danish community: an 8-year prospective study. Scand J 
Rheumatol. 2009 Mar-Apr;38(2):128-32. 

60 Laustrup et al., 2009 1997 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
erythematosus in a Danish community: an 8-year prospective study. Scand J 
Rheumatol. 2009 Mar-Apr;38(2):128-32. 

60 Laustrup et al., 2009 1998 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
erythematosus in a Danish community: an 8-year prospective study. Scand J 
Rheumatol. 2009 Mar-Apr;38(2):128-32. 

60 Laustrup et al., 2009 1999 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
erythematosus in a Danish community: an 8-year prospective study. Scand J 
Rheumatol. 2009 Mar-Apr;38(2):128-32. 

60 Laustrup et al., 2009 2000 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
erythematosus in a Danish community: an 8-year prospective study. Scand J 
Rheumatol. 2009 Mar-Apr;38(2):128-32. 

60 Laustrup et al., 2009 2001 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
erythematosus in a Danish community: an 8-year prospective study. Scand J 
Rheumatol. 2009 Mar-Apr;38(2):128-32. 

60 Laustrup et al., 2009 2002 Incidence (ACR) Denmark Laustrup H, Voss A, Green A, Junker P. Occurrence of systemic lupus 
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Lupus International Collaborating Clinics. 

Appendix 5 Quality assessment of studies using the AXIS tool 
Table S8. Quality assessment of studies using the AXIS tool. 
 

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Overall 
risk 

Al Dhanhani et al., 2017 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Alamanos et al. 2003 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Al-Arfaj et al., 2002 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Unclear Medium 

Alonso et al., 2011 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Alvarez-Nemegyei et al., 
2011 

Yes Yes No Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No Yes High 
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Anstey et al., 1993 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Arnaud et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Bae et al., 2020 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Balluz et al., 2001 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No Yes Low 

Benucci et al., 2005 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No Yes Low 

Bernatsky et al., 2007 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Bossingham et al., 2003 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Brinks et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Brinks et al., 2016 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Castro-Villarreal et al., 2021 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Chakravarty et al., 2007 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Chiu et al., 2010 Yes Yes Yes Yes Yes Yes N/A Yes Yes No No No No N/A Yes Yes Yes Yes No N/A High 

Chopra et al., 2015 Yes Yes Yes Yes Yes Yes No Yes Yes No No No Unclear No Yes Yes Yes Yes No Unclear High 

Chung et al., 2021 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Cortés Verdú et al., 2020 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Dadoniene et al., 2006 Yes Yes Yes Yes Yes Yes No Yes Yes No No No No No Yes Yes Yes Yes No Yes High 

Dai et al., 2003 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No Yes High 

Dall'Era et al., 2017 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Davatchi et al., 2009 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Davatchi et al., 2009 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Davatchi et al., 2016 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Del Río Nájera et al., 2016 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Deligny et al., 2002 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Elfving et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Fatoye et al., 2018 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Feldman et al., 2013 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Fernández-Ávila et al., 2019 Yes Yes Yes Yes Yes Yes N/A Yes Yes No No No No N/A Yes Yes Yes Yes No N/A High 

Ferucci et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 
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Flower et al., 2012 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Yes Medium 

Francy-Milena Cuervoa et 
al., 2020 

Yes Yes No Yes Yes Yes No Yes Yes Yes Yes Yes Unclear No Yes Yes Yes Yes No Yes High 

Furst et al., 2013 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Gergianaki et al., 2017 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Gonzalez Lucero et al., 2020 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Gourley et al., 1997 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Unclear Medium 

Govoni et al., 2006 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Granados et al., 2015 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Guevara-Pacheco et al., 
2016 

Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Hermansen et al., 2016 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Hiraki et al., 2012 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Hochberg et al., 1995 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Yes High 

Hopkinson et al., 1993 Yes Yes Yes Yes Yes Yes N/A Yes Yes No No No No N/A Yes Yes Yes Yes No N/A High 

Housey et al., 2015 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Ingvarsson et al., 2016 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Iseki et al., 1994 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Izmirly et al., 2017 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Jarukitsopa et al., 2015 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Johnson et al., 1995 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No Yes Low 

Ju et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Kedves et al., 2020 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Kwak et al., 2021 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Lahita et al., 1995 Yes Yes No Yes Yes Yes No Yes Yes No No No Unclear No Yes Yes Yes Yes No Unclear High 

Laustrup et al., 2009 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No Yes Low 

Leong et al., 2021 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Lerang et al., 2012 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Li et al., 2020 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 
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Lim et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Llerena et al., 2000 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Yes High 

Londoño et al., 2018 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Yes High 

López et al., 2003 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Lythgoe et al., 2022 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Mackie et al., 2015 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No N/A Low 

Magro et al., 2018 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No Yes Yes Yes Yes Yes No Yes Low 

Malaviya et al., 1993 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Unclear No Yes Yes Yes Yes No Yes Medium 

Maskarinec et al., 1995 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Yes Medium 

McCarty et al., 1995 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Moghimi et al., 2015 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Yes High 

Mok et al., 2008 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Molina et al., 2007 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Molokhia et al., 2001 Yes Yes Yes Yes Yes Yes N/A Yes Yes No No No No N/A Yes Yes Yes Yes No N/A High 

Naleway et al., 2005 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Nasonov et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Ng et al., 2013 Yes Yes Yes Yes Yes Yes N/A Yes Yes No No No No N/A Yes Yes Yes Yes No N/A High 

Nightingale et al., 2006 Yes Yes Yes Yes Yes Yes N/A Yes Yes No No Yes No N/A Yes Yes Yes Yes No N/A High 

Nossent et al., 1992 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Nossent et al., 2001 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Otsa et al., 2017 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Pamuk et al., 2016 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Peláez-Ballestas et al., 2011 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes Low 

Peschken et al., 2000 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Quintana et al., 2016 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes Yes Unclear No Yes Yes Yes Yes No Yes High 

Rees et al., 2016 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Reyes-Llerena et al., 2009 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes High 

Samanta et al., 1992 Yes Yes Yes Yes Yes Yes No Yes Yes No No No Unclear No Yes Yes Yes Yes No Yes High 
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Sandoughi et al., 2013 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes No Unclear No Yes Yes Yes Yes No Yes High 

Schwarting et al., 2021 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Scolnik et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Segasothy et al., 2001 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Senna et al., 2004 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes Yes Unclear No Yes Yes Yes Yes No Yes High 

Shim et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Simard et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Śliwczyński et al., 2015 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Somers et al., 2007 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Somers et al., 2014 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Ståhl-Hallengren et al., 
2000 

Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Tsioni et al., 2015 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Ungprasert et al., 2017 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes No N/A Yes Yes Yes Yes No N/A Low 

Uramoto et al., 1999 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Valenzuela-Almada et al., 
2022 

Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Vilar et al., 2002 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Voss et al., 1998 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Walsh et al., 2001 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Wang et al., 2016 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Ward et al., 2004 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Wigley et al., 1994 Yes Yes No Yes Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes Yes Yes No Yes High 

Yeh et al., 2013 Yes Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes No No N/A Yes Yes Yes Yes No N/A Low 

Zeng et al., 1994 Yes Yes No Yes Yes Yes N/A Yes Yes Yes No Yes No N/A Yes Yes Yes No No Yes High 

Zou et al., 2014 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes No Yes Low 

AXIS: Appraisal tool of Cross-Sectional Studies: 
Q1) Were the aims/objectives of the study clear? 

Q2) Was the study design appropriate for the stated aim(s)? 
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Q3) Was the sample size justified? 

Q4) Was the target/reference population clearly defined? (Is it clear who the research was about?) 
Q5) Was the sample frame taken from an appropriate population base so that it closely represented the target/reference population under investigation? 

Q6) Was the selection process likely to select subjects/participants that were representative of the target/reference population under investigation? 

Q7) Were measures undertaken to address and categorise non-responders? 

Q8) Were the risk factor and outcome variables measured appropriate to the aims of the study? 

Q9) Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, piloted or published previously? 

Q10) Is it clear what was used to determined statistical significance and/or precision estimates? (eg, p values, CIs) 
Q11) Were the methods (including statistical methods) sufficiently described to enable them to be repeated? 

Q12) Were the basic data adequately described? 

Q13) Does the response rate raise concerns about non-response bias? 

Q14) If appropriate, was information about non-responders described? 

Q15) Were the results internally consistent? 

Q16) Were the results for the analyses described in the methods, presented? 

Q17) Were the authors’ discussions and conclusions justified by the results? 

Q18) Were the limitations of the study discussed? 

Q19) Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results? 

Q20) Was ethical approval or consent of participants attained? 
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Appendix 6 Countries and territories in analysis regions 

Table S9. Countries and territories in analysis regions. The table gives the full details of the geographical groups and hierarchy used in the 
statistical model. The classification is the same as the one used by the Global Burden of Disease and by the United Nations. The hierarchy 
mainly follows geography and income. 
 

Region Countries 

Central Europe, eastern Europe, and central Asia 

Asia, central Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, Uzbekistan 

Europe, central Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Hungary, Montenegro, Poland, Romania, Serbia, Slovakia, 
Slovenia, TFYR Macedonia 

Europe, eastern Belarus, Estonia, Latvia, Lithuania, Moldova, Russia, Ukraine 

High income 

Asia Pacific, high income Brunei Darussalam, Japan, Republic of Korea, Singapore 

Australasia Australia, New Zealand 

Europe, western Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg, Malta, 
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom 

Latin America, southern Argentina, Chile, Uruguay 

North America, high income Canada, United States of America 

Latin America and Caribbean 

Caribbean Antigua and Barbuda, Bahamas, Barbados, Belize, Cuba, Dominican Republic, Grenada, Guyana, Haiti, Jamaica, Puerto Rico, Saint 
Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, Virgin Island (US) 

Latin America, Andean Bolivia, Ecuador, Peru 

Latin America, central Colombia, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Panama, Venezuela (Bolivarian Republic of) 
Latin America, tropical Brazil, Paraguay 

North Africa and Middle East 

North Africa and the Middle 
East 

Afghanistan, Algeria, Bahrain, Egypt, Iran (Islamic Republic of), Iraq, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Morocco, 
Occupied Palestinian Territory, Oman, Qatar, Saudi Arabia, Sudan, Syrian Arab Republic, Sudan, Tunisia, Turkey, United Arab 
Emirates, Yemen 

South Asia 

Asia, south Bangladesh, Bhutan, India, Nepal, Pakistan 

South East Asia, east Asia, and Oceania 
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Asia, east China, Dem. People’s Republic of Korea 

Asia, South East Cambodia, Indonesia, Lao People’s Democratic Republic, Malaysia, Maldives, Mauritius, Myanmar, Philippines, Seychelles, Sri 
Lanka, Thailand, Timor-Leste, Vietnam 

Oceania Fiji, Guam, Kiribati, Marshall Islands, Micronesia (Fed. States of), Papua New Guinea, Samoa, Solomon Islands, Tonga, Vanuatu 

Sub-Saharan Africa 

Sub-Saharan Africa, central Angola, Central African Republic, Congo, Democratic Republic of the Congo, Equatorial Guinea, Gabon 

Sub-Saharan Africa, eastern Burundi, Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi, Mozambique, Rwanda, Somalia, South Sudan, 
Uganda, United Republic of Tanzania, Zambia 

Sub-Saharan Africa, southern Botswana, Lesotho, Namibia, South Africa, Swaziland, Zimbabwe 

Sub-Saharan Africa, western Benin, Burkina Faso, Côte d’Ivoire, Cameroon, Cape Verde, Chad, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, 
Mauritania, Niger, Nigeria, São Tomé and Príncipe, Senegal, Sierra Leone, Togo 
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Appendix 7 Statistical methods for incidence and prevalence calculation 

The prevalence of SLE in different region levels was fitted by a Bayesian hierarchical linear mixed model. In hierarchical model, the 

prevalence of SLE in one region were estimated based on study data both from the same region and from other regions.  

The model applied binomial family, and log-transformation was used to transform prevalence to a linear response variable. To divide 

countries into several hierarchies, we map all countries to regions/super-regions by the Global Burden of Disease (GBD) classification. In this 

study, this classification arranged 39 countries into 15 regions which nested in 6 super-regions hierarchically (Table S9). 

The statistical was implemented by brms package in R (version 4.0.5). This package is based on Stan and could estimate posterior 

distribution by Hamiltonian Markov Chain Monte Carlo method. Four chains were used, and the iteration number was set as 4000. Besides 

region, we have set another three predictor variables with fixed effects. The four fixed variables are age strata, type of prevalence, sex and 

reporting method (Incidence model does not include type of prevalence and reporting method). Additionally, the model used a student_t(3, 0, 

2.5) prior for the intercept. We reported the prevalence estimate with 95% uncertainty intervals. United Nation population structure provide the 

size of population in different age strata, it was used to estimate the SLE population in different countries/regions/super-regions. Finally, we also 

assessed the models in total, the fit of each model was assessed by effective sample size, and trace plots. Please contact Dingyao Zhang for the 

code of model estimation. 

For prevalence model: 

model <- brm(count | trials(allcount) ~ 1 + (1 | superregion/region/country) + (1 | diagnosis) +  (1 | typeofrate) + (1 | ages) + (1 | sex), data = 

datause, family = binomial, thin = 10,  chains = 4, iter = 4000, cores = 4, control = list(adapt_delta = 0.995, max_treedepth=20)) 

For incidence model: 
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model <- brm(count | trials(allcount) ~ 1 + (1 | superregion/region/country)  + (1 | ages) + (1 | sex), data = datause, family = binomial, thin = 10,  

chains = 4, iter = 4000, cores = 4, control = list(adapt_delta = 0.995, max_treedepth=20)) 
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Appendix 8 Trace plots for covariates in the Bayesian multilevel model 
Figure S2. Trace plots for covariates in the Bayesian multilevel model showing 1000 posterior draws total across 5 parallel chains. 
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Note: Global intercept is for fixed effect; age strata is the category for age strata for the overall population, children, and adults; diagnosis 
method is the variable type of diagnostic method; prevalence type is the variable type of prevalence measure; sex is the category for all, male, 
and female. 
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Appendix 9 Subgroup analysis of classification criteria and diagnostic method 

We first compared model data with data from countries that have conducted 

multiple epidemiological studies. We conducted meta-analyses to integrate 

epidemiologic data within the same country. Because meta-analyses can only analyze 

less heterogenetic data, the period prevalence with the largest amount of data should 

be the best choice for the validation, and epidemiologic data obtained from only adult 

and children population was excluded to avoid potential bias. The United States, China, 

and the Republic of Korea all had more than 5 available data for the analysis. Detailed 

results have been listed in Table S10. Data generated by our model fitted well in the 

period prevalence range. As for meta-analysis, loosely data distribution could lead to 

high heterogeneity and may alter results to deviate from the true value. Overall, the 

Republic of Korea yielded similar results to our model, while the meta-analysis results 

of the United States and China were higher than estimations generated by our model. 

Since the Bayesian model considers more information (like age strata and studies using 

other diagnosis method in those countries) than meta-analysis, this comparison 

strongly supported the accuracy of our model. Notably, since the prevalence of adults 

was much higher than that of children and most studies investigating the overall 

population (different age strata combined) focus only on adolescents and adults, the 

uneven age distribution made meta-analysis less representative. Our model normalizes 

the data to the natural age strata and therefore includes more children population, 

which may result in lower prevalence. Considering the constraints of age strata, the 

results generated by our model are not significantly different from those of the meta-

analysis. 

Table S10. Period prevalence for countries with more than 5 available data using 
different analytical methods. 

Country Period 
prevalence (1 year)  

Period prevalence (1 year) 
(95% confidence intervals) 

 Range Meta-analysis Our Bayesian model 
The United States 9.7-241.9 71.42 (48.47-105.22) 53.9 (53.17-54.6) 
China 1.8-81.1 57.79 (52.93-63.10) 47.53 (47.15-47.96) 
Republic of Korea 6.9-79.5 26.28 (24.35-28.36) 26.29 (26.13-26.47) 
*All prevalence data were normalized to rate per 100,000 persons. 

 

Then we validated the model by comparing predicated number to actual number 
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Appendix 10 Validate the accuracy of the Bayesian model 

In our study, we included a total of 112 studies, 12 only reported SLE incidence, 

46 reported SLE prevalence only, and 54 reported both SLE prevalence and incidence. 

Of all 66 studies reporting incidence, 43 mentioned SLE classification criteria, 41 used 

the ACR criteria, only 2 used SLICC criteria, and none of them used EULAR/ACR. Besides, 

of all 100 studies reporting prevalence, 58 mentioned SLE classification criteria, 57 used 

ACR criteria, only 1 used SLICC criteria, and none of the study used EULAR/ACR. Given 

that, we plan to estimate the impact of classification criteria on the epidemiology of 

SLE by comparing epidemiological data when only using the ACR classification criteria 

to those without classification criteria limitation. We calculated the SLE incidence and 

prevalence diagnosed according to the ACR classification criteria. The global SLE 

incidence and newly diagnosed population according to the ACR classification criteria 

were estimated to be 4.78 (1.46-12.11) per 100,000 person-years and 0.37 million 

people annually, which were slightly less than the estimations with no classification 

criteria limitations (5.14 (1.4-15.13) per 100,000 person-years and 0.40 million people 

annually). The global SLE prevalence and affected population according to the ACR 

classification criteria were estimated to be 50.80 (17.64-117.05) per 100,000 person-

years and 3.96 million people, which were slightly higher than the estimations with no 

classification criteria limitation (43.7 (15.87-108.92) per 100,000 person-years and 3.41 

million people). The ACR classification criteria did not significantly altered the 

estimated global incidence and prevalence, but different SLE diagnostic classification 

criteria may induce potential bias. 
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and in view of this, diagnostic methods only affected prevalence data. Our model 

estimated global SLE prevalence and affected population excluding self-reported 

diagnoses, as 44.12 (14.75-99.91) per 100,000 person-years and 3.44 million people, 

respectively, which were slightly higher than the estimations including all diagnostic 

methods (43.7 (15.87-108.92) per 100,000 person-years and 3.41 million people) 

(Figure 2). Overall, self-reported diagnosis in our study was based on the physician's 

former diagnosis rather than the patient's self-judgment, the major driver of this 

reporting error appears to be recall bias or being unaware of the diagnosis. Combined 

with the fact that the model only included 3 self-reported studies, and the model 

estimation showed these self-reported studies had little effect on global prevalence, 

we speculate that in our study, differences in diagnostic methods would not introduce 

much bias.  

 

Figure S6. (A) SLE prevalence excluding self-reported diagnosis for overall population 
according to world regions. (B) SLE prevalence including all diagnostic methods for 
overall population according to world regions. 
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