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SUPPLEMENTARY METHODS 

Cohort description 

We used the summary statistics from the SSc meta-GWAS by Lopez-Isac et al. [1]. This 

study comprised 9,095 patients with SSc and 17,584 healthy controls, from 14 cohorts of 

European ancestry (Supplementary Figure 1), but different geographical origin (including 

Europe, USA and Australia). The composition of the cohort is described in the original data 

set [1].  

In brief, quality control (QC) thresholds for all GWAS datasets were applied as follows: SNPs 
with call rates < 0.98, minor allele frequencies (MAFs) < 0.01 and deviations from Hardy-
Weinberg equilibrium (HWE; p < 0.001 in both case and control subjects) were discarded 
from further analysis. To perform the PC analysis and identification of outliers, PLINK [2], 
GCTA [3] and R-base software under GNU Public license v.2 were used. Samples showing 
> 4 standard deviations from the cluster centroids of each cohort were considered outliers 
and removed from further analyses.  

For the imputation, the IMPUTE2 [4] software was used, adapting the data to the previous 
format with GTOOL following the QC described above. The 1000 Genome Project Phase 3 
(1KGPh3) [5] was used as a reference panel. 4,723,365 SNPs were left for further analysis 

after QC and imputation. PLINK [2] software was used for the association analysis of the 

whole genome and to perform a meta-analysis of the fixed effect variance, as well as to 

calculate the heterogeneity of the odds ratios (ORs) between the cohorts. The level of 

significance of the associations was established at a value of p ≤ 5 × 10-8. 

 

The deeply phenotyped cohort recruited in the PRECISESADS project [6] was used as a 

score development cohort. This cohort was composed of 571 healthy controls, 400 patients 

with SSc, 428 patients with systemic lupus erythematosus (SLE), 380 patients with 

rheumatoid arthritis (RA), and 395 patients with Sjögren syndrome (SJS). The Illumina 

HumanCore-24 v1.0 and the Infinium CoreExome-24 v1.2 genome-wide SNP genotyping 

platform (Illumina Inc., San Diego, CA, USA) were used. After QC the genotyped dataset 

contained 223,463 SNP loci of 2,073 individuals. This set was imputed using Minimac3 

against the HRC v1.1 Genomes reference panel using the Michigan Imputation Server 

platform. Genotypes were filtered after imputation to have HWE p > 0.001, MAF > 1 % and 

imputation info score > 0.7 and resulted in 6,664,685 imputed genotypes [7]. The diagnostic 

criteria for each disease were based on gold-standard clinical guidelines [8–11]. Patients 

were included in the dcSSc or lcSSc clinical subgroups; those with definite SSc without 

fibrotic skin disease and puffy fingers were classified as lcSSc. The anti-centromere (ACA) 

and anti-topoisomerase (ATA) autoantibodies were determined by standard means. High-

resolution computed tomography (HRCT) was used to detect the presence of interstitial 

abnormalities diagnosed as pulmonary fibrosis. 

 

A comprehensive demographic and immunologic characterization was available for a subset 

of the testing cohort that comprised 333 patients with SSc and 521 controls (Supplementary 

Table 1). The immune cell fractions were estimated by flow cytometry as described in Jamin, 

C. et al. [12] 
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LD Clumping 

Linkage disequilibrium (LD) based clumping was performed on the genotypes for both 
patients with SSc and controls in the GWAS [1] using a 2Mb window with the index SNP at 
the center (--clump-kb 1M), R2 > 0.1 (--clump-r2 0.1) and no p-value threshold (--clump-p 1). 
Following this strategy, out of the initial set of 5,360,026 polymorphisms, a total of 131,132 
SNPs remained. Out of the latter, 103,842 SNPs (79%) were genotyped or imputed in the 
PRECISESADS cohort. Furthermore, 52 out of 58 (90%) GWAS-significant SNPs in the 
clumped GWAS set were available in the PRECISESADS dataset. 

The HLA region is a highly polymorphic region that presents complex LD patterns. 
Therefore, in order to avoid an overrepresentation of the HLA in the GRS, all variants in the 
HLA region (chr6:20,000,000-40,000,000) were discarded from the analysis and only the 
most associated SNP in the HLA for the SSc vs. controls (rs6457617), the dcSSc vs. lcSSc 
(rs9275332) or ATA+ vs. ACA+ (rs9275372) comparisons were included in the 
corresponding GRS. Therefore, the final set of analyzed variants comprised a total of 
129,918 SNPs. 

GRS additive model description and details 

For GRS calculation using PRSice-2 [13], we specified an additive genetic model. Therefore, 
G was defined as the number of effective alleles observed (G = 0, G = 1 or G = 2, 
respectively) for the ith genetic variant, and S corresponded to the summary statistic for the 
effective allele. We also specified the “--score avg” option, and consequently the GRS was 
calculated as described in PRSice-2:  

               

Considering Mj as the number of alleles included in the GRS for the jth individual.  

 

Model-fitting analyses 

Model fit: R2 of the full model (SSc case or control ~ GRS + Sex) - R2 of the null model (SSc 
case orcontrol ~ Sex). The best fitting model was selected based on the highest variance 
explained (R2). We calculated the Lee R2  [14], which is applied on the liability scale here 
and it estimates the proportion of variance explained by the GRS of a hypothetical normally 
distributed latent variable that underlies and causes case/control status. 

Two-sided Student‟s t-tests were performed using the “t.test” function implemented in the 
“stats v3.6.2” R package [15]. 

Basic receiver operating characteristic (ROC) / area under the curve (AUC) analyses were 
performed by using the pROC package [16]. ROC curve properties were defined as follows: 

Sensitivity = True Positives / (True Positives + False Negatives) 

Specificity = True Negatives / (True Negatives + False Positive)  

Accuracy = (True Negatives + True Positives) / (True Negatives + True Positives + False 
Negatives + False Positives) 

Generalized linear models were fitted using the “glm” function and likelihood-ratio test (LRT) 
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p-values were obtained using the “anova” function (test = “LRT”, option was specified) as 
implemented in the “stats v3.6.2” R package [15]. 

AUC correlation with country latitude, longitude and distance to European reference 
populations 

Country latitudes and longitudes were obtained from: https://developers.google.com/public-
data/docs/canonical/countries_csv. Principal components were calculated using PLINK [2] (-
-pca option), then distances from each individual to the CEU+GBR population centroid in the 
top 2 PCs projections were calculated. Afterwards, these parameters were correlated to 
country-specific AUC values by using linear models (lm function as implemented in the “stats 
v3.6.2” R package [15]. 

We observed that including the cohort of origin as a covariate did not affect the p-value 
threshold selection, but contributed to the proportion of variance explained by the model (full 
model R2 = 0.24). 

AUC p-value calculation 

95% confidence intervals were calculated using the ci=TRUE option for the roc() function 

implemented in pROC. Then, the variance was obtained using pROC::var*, which allowed us 

to calculate a standard error manually. Finally, a p-value based on the Z-distribution was 

calculated (two-sided test). 
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SUPPLEMENTARY FIGURES 

Supplementary Figure 1. Principal component analysis of the genetic data of the score 

development cohort and the EUR populations in the 1k Genomes project. 

Supplementary Figure 2. A) ROC curves for the predictive value of the 33 SNP SSc GRS 

to distinguish between SSc patients and healthy controls in the score development cohort 

depending on the cohort of origin. Correlations between the AUC for the SSc GRS and B) 

Geographical longitude of the country C) Geographical latitude of the country D) Distance of 

the cohort to the CEU and GBR populations in the 1k Genomes Project. 

Supplementary Figure 3. A) ROC curves for the predictive value of the 33 SNP SSc GRS 

to distinguish between SSc patients in the different clinical subtypes (pink), serological 

subtypes (purple) and with/without lung fibrosis (light blue) B) ROC curves for the predictive 

value of the clinical subtype-specific GRS (light blue) and the serological subtype-specific 

GRS (dark blue) to distinguish between SSc patients with/without lung fibrosis. 
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