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Supplementary file 1 – Literature and meta-analyses 

A literature search was performed to investigate associations between HLA-SE, smoking and anti-

citrullinated protein antibodies (ACPA) in the asymptomatic general population and first-degree 

relatives (FDR). See supplementary figure 1 for a flowchart of the article selection. PubMed was 

searched until September 2020 with terms as: "SE"[All Fields] AND ("smoke"[MeSH Terms] OR 

"smoke"[All Fields] OR "smoke s"[All Fields] OR "smoked"[All Fields] OR "smokes"[All Fields] OR 

"smoking"[MeSH Terms] OR "smoking"[All Fields] OR "smokings"[All Fields] OR "smoking s"[All 

Fields]) AND ("autoantibodies"[MeSH Terms] OR "autoantibodies"[All Fields] OR 

"autoantibody"[All Fields]) AND ("healthies"[All Fields] OR "healthy"[All Fields]), including 

different combinations of SE, shared epitope, smoking, autoantibodies, ACPA, healthy, 

asymptomatic, preclinical, general population, population-based and FDR (see below for all 

combinations used). Additional articles were identified by hand searching reference lists. After 

removal of reviews, duplicates and articles that did not apply to our research question (based on title 

and abstract screening), ten articles remained. Subsequently all studies that were either cross-sectional 

or longitudinal studies and contained information on associations between HLA-SE, smoking and 

ACPA-development were considered eligible. No longitudinal studies starting the healthy population 

were identified; all identified studies were cross-sectional in nature. However, since ACPA-

development is most likely the first event in development of ACPA-positive disease, we believe the 

observed findings in cross-sectional studies reflect effects of HLA-SE and smoking on ACPA-

development. The ten selected articles were further studied on the description of the population. 

Studies evaluating populations in which part of subjects had swollen and/or tender joints, and studies 

in which associations with autoantibodies were not investigated for ACPA (separate from other 

autoantibodies) were excluded. Finally, six cross-sectional studies were eligible for meta-analyses. 

Four studies evaluated associations between HLA-SE and ACPA [1-4], and five studies evaluated 

associations between smoking and ACPA. [1,2,4-6] Meta-analyses were first performed without a 

stringent evaluation of study bias and thereafter with assessing this bias as recommended according to 

the PRISMA guidelines.[7] First, the odds ratios (OR) of these four and five studies respectively were 
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combined in inverse-variance weighted meta-analyses, I2 was determined to evaluate heterogeneity 

across the studies. Some studies were truly population based (no selection), these were the studies of 

van Zanten et al. (2017) and Terao et al. (2014). Other studies included asymptomatic persons whom 

were selected because of having a relative with RA [3,4], being a twin [2], or were blood bank 

donors.[6] In the latter no odds ratio was given on the association of smoking and ACPA in healthy 

individuals, however, since all required information was available we calculated the odds ratio from 

the data presented in the publication. In Terao et al. (2014) results were stratified for gender; for the 

present meta-analyses we included results presented for women, however, results from the meta-

analysis was similar when men were included in the analyses (data not shown). 

Next, to eliminate possible inclusion bias, only the two studies that evaluated unselected individuals 

from the general population (van Zanten et al. (2017) and Terao et al. (2014)) were included in the 

meta-analysis. Then similar results were obtained, see supplementary figure 2. 

Finally, since recent data in RA-patients indicated that smoking does not associate with ACPA as 

such, but rather with RF or autoantibodies in general [8-12], and we wished to evaluate whether this is 

the same in the general population, we retrieved RF data, if present, from the identified studies, and 

performed additional meta-analyses. Two studies (Terao et al. (2014) and Ärlestig et al. (2011)) 

provided data on associations of HLA-SE and smoking with RF. Meta-analyses indicated that was no 

association was present between HLA-SE and RF (OR 0.97 (95% CI 0.70-1.35)), nor between 

smoking and RF (OR 0.84 (0.55-1.28); forest plots not shown). 

List of search terms that were used: 

- SE smoking autoantibodies healthy (15 results) 

- SE smoking autoantibodies asymptomatic (0 results)  

- SE smoking autoantibodies preclinical (0 results) 

- SE smoking ACPA healthy (8 results) 

- SE ACPA healthy (32 results) 

- shared epitope ACPA healthy (33 results) 
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- smoking ACPA healthy (32 results) 

- smoking ACPA general population (16 results) 

- shared epitope ACPA general population (10 results) 

- smoking ACPA population-based (25 results) 

- shared epitope ACPA population-based (15 results) 

- smoking ACPA FDR (2 results) 

- SE ACPA FDR (2 results) 

- shared epitope ACPA FDR (2 results) 

- SE smoking ACPA (58 results) 
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Supplementary figure 1 Flowchart of literature review and article selection for meta-analyses on 

association of HLA-SE and smoking in the asymptomatic population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meta-analyses were performed in the 4 (HLA-SE) en 5 (smoking) included studies, respectively, 

without assessment of inclusion bias. Some of these studies did not select persons from the general 

asymptomatic population. Therefore sensitivity analyses with the population-based studies were 

performed, see supplementary figure 2. 
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through other sources 

(n = 3) 
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Supplementary figure 2 Meta-analyses on HLA-SE (A) and smoking (B) with presence of ACPA in 

unselected asymptomatic healthy population-based individuals 

 

HLA-SE: shared epitope, ACPA: anti-citrullinated protein antibody, OR: odds ratio, CI: confidence 

interval   
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Supplementary file 2 – Detailed description of methods 

 

Leiden CSA cohort 

Patients presenting with CSA to the Leiden rheumatology outpatient clinic between April 2012-

September 2019 were studied. The cohort is described in detail previously.[13] Patients had recent-

onset (<1 year) arthralgia of small joints and were, according to the clinical expertise and pattern 

recognition of the rheumatologist, at risk for progression to RA. Autoantibody status was largely 

unknown at inclusion as (in line with Dutch guidelines) general practitioners in the area of Leiden are 

discouraged to perform autoantibody tests. Inclusion in the CSA-cohort was therefore predominantly 

based on history taking and physical examination. Patients were excluded if clinical arthritis was 

already present, or if a different explanation for the joint pain was more likely. Patients were followed 

for at least 2 years for development of clinically apparent inflammatory arthritis (IA), defined as ≥1 

swollen joints at physical examination by a rheumatologist, with scheduled follow-up visits at 4, 12 

and 24 months. In case of an increase in symptoms or suspicion of clinical arthritis additional visits 

were planned. During follow-up treatment with disease-modifying anti-rheumatic drugs (DMARDs, 

including systemic or intra-articular corticosteroids) was not allowed, therefore patients participating 

in a randomized controlled trial investigating the effect of methotrexate in the phase of CSA (RCT; 

treat earlier) were excluded from the current study.  

 

Baseline visit consisted of physical examination, blood sampling, questionnaires (including questions 

on current and past smoking) and an MRI. Presence of IgM RF (in house ELISA, cut-off >3.5 IU/mL) 

and IgG ACPA (anti-CCP2, Phadia, Nieuwegein, the Netherlands, cut-off>7 U/mL) was determined 

during routine laboratory measurements in all patients. Because of limited laboratory capacity not all 

patients were selected for additional anti-CarP and AAPA measurements. Patient selection for these 

tests was first based on availability of samples and presence of RF and/or ACPA at baseline. In total 

189 patients were included for additional autoantibody measurements. First, patients positive for RF 

and/or ACPA at baseline with available serum samples were included (n=89, 45 progressing and 44 

non-progressing patients). Then, autoantibody-negative patients with available samples that 
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progressed to IA were additionally included (n=37). Finally, from the large group of autoantibody-

negative patients that did not progress a random selection was made (n=63). Baseline characteristics 

of the randomly selected non-progressing autoantibody-negative patients were similar to that of the 

patients that were not selected (data not shown); suggesting that the selection is representative for this 

total group. The fact that anti-CarP and AAPA were only measured in a selection of autoantibody-

negative patients limits interpretation of predictive accuracy of these autoantibodies in the entire 

CSA-population. However, since no selection was made in RF-positive/ACPA-positive patients, 

analyses were repeated and validated with the Amsterdam cohort in this subgroup. 

 

The study was approved by the local medical ethical committee and all participants gave written 

informed consent.  

 

HLA-SE 

HLA-SE status was derived from whole genome sequencing data. All patients were whole genome 

sequenced using the Illumina Global Screening Array (GSA). Standard quality control steps were 

performed using Plink v1.90 [14]; individuals with a missingness of more than 2% were removed, as 

were variants with a missingness of over 2%, a minor allele frequency (MAF) below 0.01 or a Hardy-

Weinberg equilibrium p-value below 0.0001. In order to prepare the genotype data for imputation of 

the HLA region we used the McCarthy program [15], which checks for ambiguous SNPs with a MAF 

above 0.4 (only A/T & G/C SNPs), SNPs with a MAF deviating more than 0.2 from the HRC 

reference panel [16] and SNPs not in the aforementioned reference panel. We subsequently use the 

SNP2HLA tool with the T1DGC reference to impute the HLA region.[17] From these imputed data 

we extracted the HLA-SE, defined as the HLA-DRB1 variants *0101, *0102, *0401, *0404, *0405, 

*0408 and *1001.[18] Patients were deemed HLA-SE positive if 1 or 2 of the SE variants were 

present. 
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Anti-carbamylated and anti-acetylated antibodies 

In serum, we determined the presence and levels of IgG anti-carbamylated and anti-acetylated protein 

antibodies (anti-CarP and AAPA, respectively). In-house ELISA was used for all measurements as 

described previously [19]. Briefly, plates were coated with carbamylated FCS and CCP1 acetylated 

lysine for measurements of anti-CarP and AAPA, respectively. To determine background signal, 

plates were additionally coated with non-modified antigens (non-modified FCS and CCP1 norleucine, 

respectively). Serum samples were diluted 1:50 and incubated. After washing, plates were 

subsequently incubated with HRP-labeled rabbit-anti-human IgG (Dako). HRP-activity was 

visualized with ABTS and measurements were expressed in arbitrary units per milliliter (aU/mL). On 

every plate a dilution standard was included to determine the linear part of the curve; standards from 

all plates were used in the analyses. The fourth standard, which is expected to be in the middle (and 

therefore linear part) of the curve, is further diluted and additionally included as a reference sample. 

Serum of healthy subjects (n=199) was used to determine the cut-off of all autoantibody 

measurements, which was calculated as the mean plus two times the standard deviation of healthy 

subjects. When the difference in optical density (OD) between the non-modified antigens and the 

modified proteins was <0.1, the measurement was considered non-specific; non-specific 

measurements with values above the cut-off were considered negative. Inter-assay variation of in-

house ELISAs was determined previously by reevaluation of ~10% of samples; measurements were 

highly correlated (Pearson’s r ranges 0.96-0.97) and changes in positivity of the test were infrequent, 

see supplementary figure 4. Intra-assay variability was determined for anti-CarP by measurement of 3 

samples 10 times, the mean coefficient of variation (CV, mean % (SD)) was 20.4 (6.8). Of note, 

although not absolute at the monoclonal- or polyclonal level, cross-reactivity of ACPA towards other 

post translationally modified proteins have been conclusively shown in different studies [20,21], and 

hence should be regarded as anti-modified protein antibody-reactivities. 

 

Amsterdam arthralgia cohort 

Analyses evaluating progression to IA were stratified for ACPA-status and results from the ACPA-

positive subgroup were studied in meta-analyses with the results from two other ACPA-positive 
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cohorts. The first cohort concerned arthralgia patients from Amsterdam, as described in van de Stadt 

et al. [22]. As this study evaluated ACPA- and/or RF-positive patients, raw data from ACPA-positive 

individuals was obtained for this study. Data on smoking was obtained by history taking. Presence of 

HLA-SE was inferred from HLA-DQA1, HLA-DQB1 haplotypes using strong linkage disequilibrium 

with HLA-DRB1 alleles in Caucasians.[23] Patients were positive for HLA-SE if 1 or 2 copies of the 

HLA-DRB1*0101, *0102, *0401, *0404, *0405, *0408, *0410 or *1001 alleles were present. 

Presence of IgM RF and ACPA were determined with in-house ELISA (cut-off >30 IU/mL) and 

aCCP ELISA (Axis Shield; cut-off>5 aU/mL), respectively. Presence of anti-CarP was determined 

with in-house ELISA similar to methods used in the CSA cohort.[19] Baseline serum samples were 

obtained to determine presence of IgG AAPA simultaneously with Leiden CSA-samples. 

 

Leeds ACPA-positive cohort 

The second cohort consists of ACPA-positive patients with non-specific musculoskeletal symptoms 

from the Leeds cohort, as described by Rakieh et al. [24]. Since only ACPA-positive patients were 

studied, results obtained from the literature were sufficient for inclusion in the meta-analyses; raw 

data was not evaluated. Also here smoking status was obtained through history taking. Presence of 

HLA-SE was determined by PCR amplification with sequence-specific primers.[25] Patients were 

positive for HLA-SE if 1 or 2 copies of alleles in the HLA-DRB1*01, *04 and *10 locus were 

present. Presence of IgM RF (initial cut-off>40 IU/mL, later >20 IU/mL) and ACPA (anti-CCP2, 

immunocap assay, Phadia; initial cut-off>7 IU/mL, later >2.99 IU/mL) was determined. No serum 

samples were obtained from this cohort and the presence of anti-CarP and AAPA was not determined. 
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Supplementary table 1 Baseline characteristics  

 

 

 

 

 

 

 

 

 

 

Data on HLA-SE and smoking was available in the CSA cohort in 522 and 500 patients, respectively. In Amsterdam in 133 and 243 patients, respectively. 

CSA: clinically suspect arthralgia, ACPA: anti-citrullinated protein antibody, SD: standard deviation, IQR: interquartile range, TJC: tender joint count, RF: 

rheumatoid factor, CRP: c-reactive protein 

 

 CSA cohort Leiden Arthralgia cohort Amsterdam 

 All patients  

(n=577)  

ACPA-positive  
(n=77) 

ACPA-negative 
(n=500) 

ACPA-positive 
(n=244) 

Female, n (%) 451 (78.2) 61 (79.2) 390 (78.0) 186 (76.2) 

Age in years, mean (SD) 43.7 (12.6) 48.1 (12.0) 43.0 (12.5) 48.4 (11.4) 

Symptom duration in weeks, 

median (IQR) 

20 (9-46) 25 (13-53) 19 (9-43) 52 (28-104) 

53-TJC, median (IQR) 5 (2-10) 3 (2-7) 5 (2-10) 0 (0-3) 

Increased CRP, n (%) 126 (22.0) 23 (30.3) 103 (20.7) 35 (14.5) 

RF positivity, n (%) 113 (19.6) 59 (76.6) 54 (10.8) 108 (44.3) 

ACPA positivity, n (%) 77 (13.3) NA NA NA 
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Supplementary table 2 Associations of HLA-SE and smoking with ACPA-positivity stratified for RF, in 
patients newly presenting with CSA 

 
HLA-SE: shared epitope, ACPA: anti-citrullinated protein antibody, RF: rheumatoid factor, CSA: 

clinically suspect arthralgia, OR: odds ratio, CI: confidence interval 

 

  

 ACPA positive, n (%) ACPA negative, n (%) OR (95% CI) p-value 

RF-positive patients      

HLA-SE Absent 22 (42) 32 (64) Reference -- 

 Present 31 (59) 18 (36) 2.51 (1.13-5.55) 0.024 

      

HLA-SE 0 22 (42) 32 (64) Reference -- 

 1 23 (43) 16 (32) 2.09 (0.91-4.83) 0.084 

 2 8 (15) 2 (4) 5.82 (1.13-30.05) 0.036 

     

Smoking Never 13 (26) 23 (49) Reference -- 

 Ever 37 (74) 24 (51) 2.73 (1.16-6.40) 0.021 

      

Smoking Never 13 (26) 23 (49) Reference -- 

 Ex-smoker 22 (44) 21 (45) 1.85 (0.75-4.58) 0.18 

 Current smoker 15 (30) 3 (6) 8.85 (2.15-36.38) 0.003 

      

RF-negative patients      

HLA-SE Absent 5 (31) 227 (56) Reference -- 

 Present 11 (69) 176 (44) 2.84 (0.97-8.32) 0.057 

      

HLA-SE 0 5 (31) 227 (56) Reference -- 

 1 8 (50) 145 (36) 2.51 (0.80-7.81) 0.11 

 2 3 (19) 31 (8) 4.39 (1.0-19.30) 0.050 

      

Smoking Never 2 (14) 162 (42) Reference -- 

 Ever 12 (86) 227 (58) 4.28 (0.95-19.39) 0.059 

      

Smoking Never 2 (14) 162 (42) Reference -- 

 Ex-smoker 6 (43) 140 (36) 3.47 (0.69-17.48) 0.13 

 Current smoker 6 (43) 87 (22) 5.59 (1.10-28.27) 0.038 
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Supplementary table 3 Associations of HLA-SE and smoking with ACPA-level in ACPA-positive 
patients evaluated with Mann-Whitney U tests and logistic regression   
 

HLA-SE positive HLA-SE negative Mann-Whitney U Logistic regression 

Median ACPA level (IQR) Median ACPA level (IQR) p-value OR (95% CI), p-value 

236 (72-340) 144 (32-340) 0.12 1.002 (0.999-1.006), 0.18 

    

Ever smoking Never smoking Mann-Whitney U Logistic regression 

Median ACPA level (IQR) Median ACPA level (IQR) p-value OR (95% CI), p-value 

229 (64-340) 222 (52-340) 0.89 1.000 (0.996-1.004), 0.99 

 

Odds ratios indicate effect measures for every unit increase in ACPA-level. 

HLA-SE: shared epitope, ACPA: anti-citrullinated protein antibody, IQR: interquartile range, OR: odds 

ratio, CI: confidence interval 
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Supplementary table 4 Associations of HLA-SE with development of inflammatory arthritis in 
patients newly presenting with CSA; hazard ratios corresponding to Figure 2 of the main article  
 

 

HLA-SE: shared epitope, CSA: clinically suspect arthralgia, IA: inflammatory arthritis, HR: hazard ratio, 

CI: confidence interval, ACPA: anti-citrullinated protein antibody  

 

 IA, n (%) No IA, n (%) HR (95% CI) p-value 

All patients     

HLA-SE Absent 39 (42) 247 (58) Reference -- 

 Present 55 (59) 181 (42) 1.86 (1.23-2.82) 0.003 

      

HLA-SE 0 39 (42) 247 (58) Reference -- 

 1 41 (44) 151 (35) 1.65 (1.06-2.56) 0.027 

 2 14 (15) 30 (7) 3.03 (1.64-5.61) <0.001 

      

ACPA positive subgroup     

HLA-SE Absent 15 (37) 12 (43) Reference -- 

 Present 26 (63) 16 (57) 1.29 (0.67-2.47) 0.44 

      

HLA-SE 0 15 (37) 12 (43) Reference -- 

 1 17 (42) 14 (50) 1.05 (0.52-2.13) 0.90 

 2 9 (22) 2 (7) 2.32 (1.00-5.41) 0.051 

      

ACPA negative subgroup     

HLA-SE Absent 24 (45) 235 (59) Reference -- 

 Present 29 (55) 165 (41) 1.71 (0.99-2.96) 0.055 

      

HLA-SE 0 24 (45) 235 (59) Reference -- 

 1 24 (45) 137 (34) 1.66 (0.94-2.94) 0.083 

 2 5 (9) 28 (7) 2.00 (0.76-5.28) 0.16 
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Supplementary table 5 Associations of smoking with development of inflammatory arthritis in 
patients newly presenting with CSA; hazard ratios corresponding to Figure 3 of the main article 
 

 

CSA: clinically suspect arthralgia, IA: inflammatory arthritis, HR: hazard ratio, CI: confidence interval, 

ACPA: anti-citrullinated protein antibody  

 

 

 

 

 IA, n (%) No IA, n (%) HR (95% CI) p-value 

All patients     

Smoking Never 29 (32) 171 (42) Reference -- 

 Ever 63 (69) 237 (58) 1.40 (0.90-2.18) 0.14 

      

Smoking Never 29 (32) 171 (42) Reference -- 

 Ex-smoker 38 (41) 151 (37) 1.25 (0.76-2.06) 0.37 

 Current smoker 25 (27) 86 (21) 1.66 (0.97-2.83) 0.065 

      

ACPA positive subgroup     

Smoking Never 11 (28) 4 (17) Reference -- 

 Ever 29 (73) 20 (83) 0.59 (0.29-1.18) 0.13 

      

Smoking Never 11 (28) 4 (17) Reference -- 

 Ex-smoker 17 (43) 11 (46) 0.55 (0.26-1.19) 0.13 

 Current smoker 12 (30) 9 (38) 0.64 (0.28-1.45) 0.28 

      

ACPA negative subgroup     

Smoking Never 18 (35) 167 (44) Reference -- 

 Ever 34 (65) 217 (57) 1.30 (0.73-2.33) 0.37 

      

Smoking Never 18 (35) 167 (44) Reference -- 

 Ex-smoker 21 (40) 140 (37) 1.17 (0.61-2.24) 0.64 

 Current smoker 13 (25) 77 (20) 1.56 (0.76-3.18) 0.23 
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Supplementary figure 3 Associations of HLA-SE (A-C) and smoking (D-F) with progression from CSA to RA 

 

RA is defined as fulfilment of the 1987 and/or 2010 criteria at the time of clinically apparent inflammatory arthritis development. 
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Corresponding hazard ratios, with 0 HLA-SE alleles as reference category were: (A) HR 1.42 (95% CI 0.85-2.38) and HR 2.97 (1.48-5.96) for 1 and 2 HLA-SE 

alleles respectively, (B) HR 1.05 (0.52-2.13) and HR 2.08 (0.87-5.00), and (C) HR 1.16 (0.53-2.53) and HR 1.87 (0.54-6.51). 

Corresponding hazard ratios, with never smoker as reference category were: (D) HR 1.44 (0.81-2.56) and HR 1.81 (0.97-3.39) for ex-smoker and current 

smoker respectively, (E) HR 0.55 (0.26-1.19) and HR 0.64 (0.28-1.45), and (F) HR 1.42 (0.59-3.43) and HR 1.66 (0.62-4.46). 

HLA-SE: shared epitope, CSA: clinically suspect arthralgia, RA: rheumatoid arthritis, ACPA: anti-citrullinated protein antibody, HR: hazard ratio, CI: 

confidence interval 
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Supplementary table 6 Associations of HLA-SE and smoking with presence of RF, anti-CarP and AAPA 

in patients newly presenting with CSA 

 

 

 

 

 

 

 

 

 

a Corrected for presence of ACPA 

HLA-SE: shared epitope, RF: rheumatoid factor, anti-CarP: anti-carbamylated protein antibody, 

AAPA: anti-acetylated protein antibody, CSA: clinically suspect arthralgia, OR: odds ratio, CI: 

confidence interval, ACPA: anti-citrullinated protein antibody 

  

RF Univariable 
OR (95% CI) 

p-value Multivariable a 

OR (95% CI) 
p-value 

HLA-SE present 1.13 (0.73-1.73) 0.59 0.71 (0.41-1.22) 0.21 

Ever-smoker 1.16 (0.74-1.84) 0.52 0.70 (0.40-1.23) 0.22 

     

Anti-CarP Univariable 
OR (95% CI) 

p-value Multivariable a 

OR (95% CI) 
p-value 

HLA-SE present 1.63 (0.59-4.50) 0.34 1.31 (0.42-4.07) 0.65 

Ever-smoker 1.05 (0.37-2.95) 0.93 0.58 (0.17-2.01) 0.39 

     

AAPA Univariable 
OR (95% CI) 

p-value Multivariable a 

OR (95% CI) 
p-value 

HLA-SE present 1.41 (0.65-3.05) 0.39 1.15 (0.47-2.82) 0.76 

Ever-smoker 0.58 (0.26-1.31) 0.19 0.28 (0.098-0.80) 0.018 
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Supplementary figure 4 Inter-assay variation of in-house ELISAs 

 

 

 

 

 

 

 

 

 

 

 

Inter-assay variation resulted in changes in positivity of the test infrequently: anti-CarP IgG 3.9%, 

AAPA IgG 4.2%. 

 

anti-CarP: anti-carbamylated protein antibody, AAPA: anti-acetylated protein antibody 


