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Figure S1:  

 

 

 

 

 
A. Correlation analysis of ADA levels with SHARP Score of RA patients B. T-test analysis of Cytokines of 

Low ADA and High ADA RA patients with healthy controls.  
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Figure S2: Relative abundance levels of samples after log transformation and 

normalization based on the internal standards in both positive and negative 

ionization methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3: Correlation analysis showing good concordance among the 

replicates done on different days as quality control in Positive Ionization 

Mode. 

 

 

 

 

 

 

 

 

 

 

 



Figure S4: Correlation analysis showing good concordance among the 

replicates done on different days as quality control in Negative Ionization 

Mode. 

 



Figure S5: Targeted Metabolomics data showing altered metabolic signatures 

in RA patients with High ADA levels compared to Low ADA levels 

 

A. Heat map showing the relative levels of 2 significantly altered metabolites at FDR 0.25 with shades 

of yellow and blue representing the elevated and reduced metabolite levels, respectively (heatmaps were 

made in Microsoft Excel). B. Pathway analysis showing altered metabolic pathways in RA Patients with 

High ADA levels compared to Low ADA levels. The size of the circle represents the impact of each pathway 

and color represents the level of significance (highest in red to lowest in yellow). C. Ranking of significant 

metabolites based on random forest analysis for their ability to stratify RA patients with High ADA levels 

from Low ADA levels (ranked by the mean decrease in classication accuracy when they are permuted). 

D. PLS-DA clustering given by score plot (0=Low ADA RA patients, 1=High ADA RA patients) and E. 

cross validation of PLS-DA of RA patients with Low ADA and High ADA levels (red star indicates the best 

classifier based on accuracy, R2, and Q2 values) (Figures B, C, D, and E were generated using the web-

based tool Metaboanalyst https://www.metaboanalyst.ca/).   

 

 

https://www.metaboanalyst.ca/


Figure S6: Targeted Metabolomics data showing altered metabolic signatures 

in RA patients with low ADA levels compared to healthy controls 

 

A. Heat map showing the relative levels of 7 significantly altered metabolites at FDR 0.25 with shades 

of yellow and blue representing the elevated and reduced metabolite levels, respectively (heatmaps were 

made in Microsoft Excel). B. Pathway analysis showing altered metabolic pathways in RA Patients with 

low ADA levels compared to healthy controls. The size of the circle represents the impact of each pathway 

and color represents the level of significance (highest in red to lowest in yellow). C. Ranking of significant 

metabolites based on random forest analysis for their ability to stratify RA patients with low ADA levels 

from healthy controls (ranked by the mean decrease in classication accuracy when they are permuted). 

D. PLS-DA clustering given by score plot (0=Control, 1=Low ADA) and E. cross validation of PLS-DA of 

RA patients with healthy controls and Low ADA levels (red star indicates the best classifier based on 

accuracy, R2, and Q2 values) (Figures B, C, D, and E were generated using the web-based tool 

Metaboanalyst https://www.metaboanalyst.ca/). 

https://www.metaboanalyst.ca/


Figure S7a: Targeted Metabolomics data showing altered metabolic signatures 

in RA patients with high ADA levels compared to healthy controls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Heat map showing the relative levels of 32 significantly altered metabolites at FDR 0.25 with shades 

of yellow and blue representing the elevated and reduced metabolite levels, respectively (heatmaps were 

made in Microsoft Excel). B. Pathway analysis showing altered metabolic pathways in RA Patients with 

high ADA levels compared to healthy controls. The size of the circle represents the impact of each 

pathway and color represents the level of significance (highest in red to lowest in yellow) (Figures B was 

generated using the web-based tool Metaboanalyst https://www.metaboanalyst.ca/). 

https://www.metaboanalyst.ca/


Figure S7b: Targeted Metabolomics data showing altered metabolic signatures 

in RA patients with high ADA levels compared to healthy controls. 

 

C. Ranking of significant metabolites based on random forest analysis for their ability to stratify RA 

patients with high ADA levels from healthy controls (ranked by the mean decrease in classication 

accuracy when they are permuted). D. PLS-DA clustering given by score plot (0=Control, 1=High ADA) 

and E. cross validation of PLS-DA of RA patients with healthy controls and High ADA levels (red star 

indicates the best classifier based on accuracy, R2, and Q2 values) (Figures C, D, and E were generated 

using the web-based tool Metaboanalyst https://www.metaboanalyst.ca/). 

https://www.metaboanalyst.ca/


Figure S8: Comparative pathway analysis of High ADA and Low ADA 

metabolomics datasets of current study with High ADA and Low ADA 

expressing Transcriptomics datasets from GEO database 
(Venn Diagrams were created using an online tool https://www.molbiotools.com/listcompare.php ). 

 

https://www.molbiotools.com/listcompare.php


Figure S9: Comparative pathway analysis of serum metabolic datasets of 

current study with metabolomic datasets of RA patients treated with 

Rituximab (Biologics) and Methotrexate (DMARD). 

 

 



Table S1: Altered significant serum metabolites between RA patients and 

healthy controls with increasing FDR (at FDR 0.25). 

 

Table S2: Altered significant serum metabolites between RA patients with Low 

ADA and High ADA activity and healthy controls with increasing FDR (at FDR 

0.25). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Metabolite HMDB ID KEGG ID Mode MRM p Value FDR AUC Score

Precursor ion Product ion

2-Aminoheptanoicacid NA NA Positive 146.1176 100.1 0.00024272 0.030097 0.778

Hydroxyisocaproic acid HMDB0000746 NA Negative 131.006 85.1 0.00054523 0.033804 0.856

shikimate HMDB0003070 C00493 Negative 173 93 0.0023987 0.078861 0.759

S-ribosyl-L-homocysteine METPA0405 C03539 Positive and Negative 268.0849 88 0.0025439 0.078861 0.759

1-Methyl-Histidine HMDB0000001 C01152 Positive 170.0924 124 0.0053824 0.1116 0.817

Acetylcholine HMDB0000895 C01996 Positive 146.1176 43.02 0.0071111 0.1116 0.745

Deoxy carnitine NA NA Positive 146.1176 60.1 0.0075035 0.1116 0.787

Cystathionine HMDB0000099 C02291 Positive 223.0747 134.1 0.007844 0.1116 0.722

2-Aminooctanoicacid NA NA Positive 160.1332 55.3 0.008432 0.1116 0.748

Phenyl alanine NA NA Positive 166.0963 103.1 0.0098957 0.1116 0.727

Inosine HMDB0000195 C00294 Negative 267 135 0.0098998 0.1116 0.773

sn-glycerol-3-phosphate HMDB0000126 C00093 Negative 171 79 0.01633 0.16874 0.718

Erythrono-1,4-lactone HMDB0000349 NA Positive 119.11 91.1 0.019919 0.19 0.681

Lactate HMDB0000190 C00256 Negative 89 43.2 0.022356 0.19801 0.734

2-Hydroxypyridine HMDB0013751 C02502 Positive 96.0444 51.1 0.029303 0.24224 0.676

Metabolite HMDB ID KEGG ID Mode MRM p Value FDR

Precursor ion Product ion

2-Aminoheptanoicacid NA NA Positive 146.12 100.10 0.0012 0.0803

Hydroxyisocaproic acid HMDB0000746 NA Negative 131.01 85.10 0.0013 0.0803

Fructose-6-Phosphate HMDB0000124 C00085 Negative 259.00 97.10 0.0020 0.0812

Hexose-phosphate NA NA Negative 259.00 79.00 0.0028 0.0878

S-ribosyl-L-homocysteine METPA0405 C03539 Positive 268.08 88.00 0.0043 0.1065

S-ribosyl-L-homocysteine METPA0405 C03539 Negative 266.00 134.00 0.0043 0.1065

shikimate HMDB0003070 C00493 Negative 173.00 93.00 0.0106 0.1929

Inosine HMDB0000195 C00294 Negative 267.00 135.00 0.0109 0.1929

Acetylcholine HMDB0000895 C01996 Positive 146.12 43.02 0.0155 0.2395

Deoxy carnitine NA NA Positive 146.12 60.10 0.0192 0.2477

1-Methyl-Histidine HMDB0000001 C01152 Positive 170.09 124.00 0.0200 0.2477



Table S3: List of all Significant Pathways from the pathway analysis of the all 

three published metabolomic datasets  

  Study Metabolic Pathways P value 

1 

LC-MS-based serum metabolomics 
reveals a distinctive signature in 

patients with rheumatoid arthritis 
by Li et al. 

Aminoacyl-tRNA biosynthesis 9.28E-06 

Arginine biosynthesis 9.29E-05 

Alanine, aspartate and glutamate metabolism 0.000792 

Porphyrin and chlorophyll metabolism 0.017876 

Arginine and proline metabolism 0.028007 

Phenylalanine, tyrosine and tryptophan biosynthesis 0.028113 

Nitrogen metabolism 0.041899 

D-Glutamine and D-glutamate metabolism 0.041899 

  

2 

Exploration of the serum 
metabolite signature in patients 

with rheumatoid arthritis using gas 
chromatography–mass 

spectrometry by Zhou et al. 

Aminoacyl-tRNA biosynthesis 1.68E-11 

Valine, leucine and isoleucine biosynthesis 1.05E-09 

Biosynthesis of unsaturated fatty acids 0.000558 

Valine, leucine and isoleucine degradation 0.00092 

Phenylalanine, tyrosine and tryptophan biosynthesis 0.002266 

Phenylalanine metabolism 0.01577 

Cysteine and methionine metabolism 0.026344 

  

3 
Diagnostic properties of metabolic 

perturbations in rheumatoid 
arthritis by Madsen et al. 

Aminoacyl-tRNA biosynthesis 5.19E-05 

Glycine, serine and threonine metabolism 0.011364 

Valine, leucine and isoleucine biosynthesis 0.040642 

 

Table S4: Altered serum metabolites between RA patients with Low ADA and 

High ADA activity (at FDR 0.25). 

 

Table S5: Altered serum metabolites between RA patients with Low ADA 

activity and healthy controls with increasing FDR (at FDR 0.25). 

 

 

 

 

Metabolite HMDB ID KEGG ID Mode MRM p Value FDR AUC Score

Precursor ion Product ion

Fructose-6-phosphate HMDB0000124 C00085 Negative 259 97.1 0.0037946 0.2385 0.856

Hexose-phosphate HMDB0001401 C00092 Negative 259 79 0.0038468 0.2385 0.828

Metabolite HMDB ID KEGG ID Mode MRM p Value FDR AUC Score

Precursor ion Product ion

Hydroxyisocaproic acid HMDB0000746 NA Negative 131.006 85.1 0.0005 0.062 0.829

2-Aminoheptanoicacid NA NA Positive 146.1176 100.1 0.0017 0.108 0.808

2-Aminooctanoicacid NA NA Positive 160.1332 55.3 0.0078 0.230 0.767

Lactate HMDB0000190 C00256 Negative 89 43.2 0.0081 0.230 0.779

shikimate HMDB0003070 C00493 Negative 173 93 0.0111 0.230 0.763

Acetylcholine HMDB0000895 C01996 Positive 146.1176 43.02 0.0118 0.230 0.771

Deoxy carnitine NA NA Positive 146.1176 60.1 0.0130 0.230 0.796



Table S6: Altered serum metabolites between RA patients with High ADA 

activity and healthy controls with increasing FDR (at FDR 0.25). 

 

Metabolite HMDB ID KEGG ID Mode MRM p Value FDR AUC Score

Precursor ionProduct ion

1-Methyl-Histidine HMDB0000001 C01152 Positive 170.1 124 0.000628 0.05 0.844

Fructose-6-Phosphate HMDB0000124 C00085 Negative 259 97.1 0.001128 0.05 0.849

Inosine HMDB0000195 C00294 Negative 267 135 0.001787 0.05 0.865

S-ribosyl-L-homocysteine METPA0405 C03539 Positive 268.1 88 0.001884 0.05 0.844

S-ribosyl-L-homocysteine METPA0405 C03539 Negative 266 134 0.001884 0.05 0.844

Hydroxyisocaproic acid HMDB0000746 NA Negative 131 85.1 0.002357 0.05 0.891

Hexose-phosphate NA NA Negative 259 79 0.002601 0.05 0.818

sn-glycerol-3-phosphate HMDB0000126 C00093 Negative 171 79 0.007594 0.13 0.786

Trehalose-6-Phosphate HMDB0001124 C00689 Negative 421 79 0.008492 0.13 0.823

octulose-monophosphate O8P-O1P NA NA Negative 319 97 0.009833 0.14 0.797

2-Aminoheptanoicacid NA NA Positive 146.1 100.1 0.011205 0.14 0.740

N-Aetyl Aspartic acid HMDB0000812 C01042 Negative 174 88.1 0.013835 0.14 0.781

6-phospho-D-gluconate HMDB0001316 C00345 Negative 275 97 0.017312 0.14 0.740

Gly-Leu HMDB0000759 C02155 Positive 189.1 171 0.017416 0.14 0.771

Deoxy carnitine NA NA Positive 146.1 60.1 0.017518 0.14 0.776

Ergothionine HMDB0003045 C05570 Positive 230.1 186.1059 0.017733 0.14 0.734

Phenyl alanine NA NA Positive 166.1 103.1 0.018122 0.14 0.755

4-Methyl-2-oxo pentanoic acid NA NA Positive 131.1 43.06 0.019597 0.14 0.755

Malic acid HMDB0000744 C03668 Negative 133 115.1 0.021009 0.14 0.729

Acetylcholine HMDB0000895 C01996 Positive 146.1 43.02 0.022195 0.14 0.714

shikimate HMDB0003070 C00493 Negative 173 93 0.023069 0.14 0.755

Cystathionine HMDB0000099 C02291 Positive 223.1 134.1 0.024056 0.14 0.745

D-sedoheptulose-1-7-phosphate NA NA Negative 289 97 0.024315 0.14 0.760

Glucose-6-Phosphate HMDB0001401 C00092 Negative 259 97 0.026942 0.14 0.703

Acetylphosphate HMDB0001494 C00227 Negative 139 79 0.028126 0.14 0.724

Erythrono-1,4-lactone HMDB0000349 NA Positive 119.1 91.1 0.028416 0.14 0.750

Betaine HMDB0000043 C00719 Positive 118.1 59.2 0.037563 0.17 0.724

HBA HMDB0000357 C01089 Negative 103 59.1 0.038502 0.17 0.667

Tyrosine HMDB0000158 C00082 Positive 182.1 91 0.038726 0.17 0.688

Fumaric acid HMDB0000134 C00122 Negative 115 71.1 0.040439 0.17 0.734

Arginine HMDB0000517 C00062 Positive 175.1 60.2 0.046664 0.19 0.745

4-Coumarate HMDB0002035 C00811 Positive 165 119 0.055076 0.22 0.693

succinate HMDB0000254 C00042 Negative 117 73 0.060176 0.23 0.708


