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Supplementary Table 1: Summary on the evidence of traditional obesity biomarkers regarding

their association with obesity in observational and Mendelian Randomisation studies

Biomarker Obesity Weight loss
Obs. MR MR Lifestyle Bariatric
Cross- Obesity on Biomarker on intervention surgery
sect. biomarker obesity

Adiponectin V! &2 o2 o3 Y

Leptin ok O 26 43 o4

FABP-4 278 29 26 NA 410

Omentin w1 NA NA 1218 a4

Chemerin Ol NA NA V1618 V161719

Visfatin 720 NA NA &2 o4

Resistin o 5 o8 o2 ot

TNF A NA NA B 24

IL-6 M 725 6 423 g2

Oestradiol w)?® (m)? ©(m)*8 v(w)® 430
<(m)¥

Testosterone  t(w)2® ¥(m)28 ©(m)?e v(w)® 2(m)3°
¥(m)? (W)

™ Evidence from meta-analysis or MR

™ Evidence from individual studies

< No statistically significant association

*Adjustment for body adiposity not reported in
m, men; MR, Mendelian Randomisation; w, women; prosp., prospective associations/studies

NA, no corresponding meta-analysis or MR was identified
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Supplementary Box 1: Abbreviations of proteins used in Table 2

ADA, Adenosine deaminase; ADM, Adrenomedullin; AXIN-1, Axis inhibition protein 1; CCL20, C-
C motif chemokine 20; CCL23, C-C motif chemokine ligand 23; CCL28, C-C motif chemokine
ligand 28; CC-L3, C-C motif chemokine 3; CFAB, complement factor B; CFAH, complement
factor H; CFAI, complement factor |; CRP, C-reactive protein; CSF-1, Macrophage colony-
stimulating factor 1; CSF-1, Macrophage colony-stimulating factor 1; CST5, Cystatin-D; CST6,
Cystatin-M; CSTB, Cystatin-B; CTSD, Cathepsin D; CXCL-1, Fractalkine; CXL9, C-X-C motif
chemokine ligand 9; DKK3, Dickkopf-related protein 3; DNER, Delta and notch-like epidermal
growth factor-related Receptor; ESM1, Endothelial cell-specific molecule 1; FABP4, fatty acid
binding protein 4; FAS, Tumor necrosis factor receptor superfamily member 6; FGF19,
Fibroblast growth factor 19; GAL, Galanin peptides; GDF-15, Growth/differentiation factor 15;
GDF2, Growth/differentiation factor 2; GDNF, Glial cell line-derived neurotrophic factor; GHR,
Growth hormone receptor; HGF, Hepatocyte growth factor; hK11, Kallikrein-11; IGFBP2, insulin-
like growth factor-binding protein 2; IL-12B, Interleukin-12 subunit 8; IL-16, Pro-interleukin-16;
IL-1ra, Interleukin-1 receptor antagonist protein; IL-6, Interleukin-6; IL-8, Interleukin-8; JAG1,
Protein jagged-1; KIM-1, Kidney injury molecule 1; KLK-6, Kallikrein-6; LEP, leptin; IGFBP1,
insulin-like growth factor-binding protein 1; LGALS3BP, Galectin-3-binding protein; MB,
Myoglobin; MET, Hepatocyte growth factor receptor; MMP10, Matrix metalloproteinase-10
(stromelysin-2); MPO, Myeloperoxidase; NCAM1, Neural cell adhesion molecule 1, 120 kDa
isoform, 4498-62_2; NOTCH1, Neurogenic locus notch homolog protein 1; NT 3, Neurotrophin-
3; OPG, TNF ligand superfamily member 11; PDL1, Programmed cell death 1 ligand 1; PGF,
Placenta growth factor; PRAP, proline-rich acidic protein I; PSGL-1, P-selectin glycoprotein
ligand 1; RAGE, Receptor for advanced glycosylation end products; REN, Renin; S10A8, protein
S100-A8; S10A9, S100-A9; SCF, Stem cell factor; ; SELE, E-selectin; SERPINC1, Antithrombin-Ill;
SERPINE1, Plasminogen activator inhibitor 1; SHBG, sex-hormone binding globuline; TNF-R1,
Tumor necrosis factor receptor 1; TNF-R2, Tumor necrosis factor receptor 2; TNFSF14, Tumor
necrosis factor ligand superfamily member 14; t-PA, Tissue-type plasminogen activator; TRAIL,
TNF-related apoptosis-inducing ligand; TRANCE, TNF ligand superfamily member 11; TWEAK,
TNF ligand superfamily member 12; UNC5D, Netrin receptor UNC5D; U-PAR, Urokinase
plasminogen activator surface receptor; VEGF-A, Vascular endothelial growth factor A; VEGF-D,
Vascular endothelial growth factor Dh; WFIKKN2, WAP, Kazal, immunoglobulin, Kunitz, and NTR
domain-containing protein 2;
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Supplementary Box 2: Footnotes describing the individual associations shown in Table 3
2 In observational studies, BCAA were not significantly related to colorectal cancer® 3 but with a
reduced risk of gastric cancer®. In MR studies, some BCAA were related to a higher risk of lung
cancer® but no association of BCAA was found for liver cancer®.

®In some observational studies, tyrosine was related to a higher risk of liver cancer®?, valine to
prostate cancer*’, glutamic acid to pancreatic cancer*, lysine to breast cancer*?, alanine to
prostate cancer*®, pyruvate to colorectal cancer*, and higher glycine related to lower risk of
endometrial cancer®

°In observational studies, higher blood cysteine concentrations were related to a higher risk of
breast cancer*® but to a lower risk of colorectal cancer®’. Cysteine was not significantly related
to CVD risk®.

41n observational studies, triglyceride concentrations were positively related to cancer risk at
some sites, such as colorectal cancer*®’, but results vary for other sites, with studies reporting
inverse associations with liver cancer®? and breast cancer®** and no association with gastric
cancer®. A systematic review on Mendelian Randomisation studies found an inverse
association for breast cancer®.

°In observational studies, HDL cholesterol levels were inversely related to cancer risk at some
sites, such as colorectal cancer**"%, liver cancer®, gastric cancer®®, and, albeit less
consistently, with breast cancer®®®**. Mendelian Randomisation studies found no evidence for
HDL cholesterol with regard to colorectal cancer® but an inverse association for total cancer
risk®, and a positive association for breast cancer®.

fThe diagnosis of diabetes mellitus is based on elevated glucose concentrations.



82

83
84
85
86

87
88
89
90

91
92
93

94
95
96
97

98
99
100

101
102

103
104
105

106
107
108

109
110
111

112
113
114

115
116
117
118

119
120
121

122
123
124

125
126
127

References cited in the supplement

1

10

11

12

13

14

Gonzalez-Gil, E. M. et al. Association of body shape phenotypes and body fat
distribution indexes with inflammatory biomarkers in the European Prospective
Investigation into Cancer and Nutrition (EPIC) and UK Biobank. BMC medicine 22, 334,
do0i:10.1186/s12916-024-03544-3 (2024).

Nielsen, M. B., Colak, Y., Benn, M. & Nordestgaard, B. G. Causal Relationship between
Plasma Adiponectin and Body Mass Index: One- and Two-Sample Bidirectional
Mendelian Randomization Analyses in 460 397 Individuals. Clin Chem 66, 1548-1557,
doi:10.1093/clinchem/hvaa227 (2020).

Clontz, A. D., Gan, E., Hursting, S. D. & Bae-Jump, V. L. Effects of Weight Loss on Key
Obesity-Related Biomarkers Linked to the Risk of Endometrial Cancer: A Systematic
Review and Meta-Analysis. Cancers (Basel) 16, doi:10.3390/cancers16122197 (2024).

Askarpour, M. et al. Effect of Bariatric Surgery on the Circulating Level of Adiponectin,
Chemerin, Plasminogen Activator Inhibitor-1, Leptin, Resistin, and Visfatin: A
Systematic Review and Meta-Analysis. Horm Metab Res 52, 207-215, doi:10.1055/a-
1129-6785 (2020).

Welsh, P. et al. Unraveling the directional link between adiposity and inflammation: a
bidirectional Mendelian randomization approach. J Clin Endocrinol Metab 95, 93-99,
doi:10.1210/jc.2009-1064 (2010).

Folkersen, L. et al. Genomic and drug target evaluation of 90 cardiovascular proteins in
30,931 individuals. Nat Metab 2, 1135-1148, doi:10.1038/s42255-020-00287-2 (2020).

Aleksandrova, K. et al. Fatty Acid-Binding Protein 4 and Risk of Type 2 Diabetes,
Myocardial Infarction, and Stroke: A Prospective Cohort Study. J Clin Endocrinol Metab
104, 5991-6002, doi:10.1210/jc.2019-00477 (2019).

Nimptsch, K. et al. Prospective and Mendelian randomization analyses on the
association of circulating fatty acid binding protein 4 (FABP-4) and risk of colorectal
cancer. BMC medicine 21, 391, do0i:10.1186/s12916-023-03104-1 (2023).

Goudswaard, L. J. et al. Effects of adiposity on the human plasma proteome:
observational and Mendelian randomisation estimates. IntJ Obes (Lond) 45, 2221-2229,
do0i:10.1038/s41366-021-00896-1 (2021).

Witczak, J. K. et al. Bariatric Surgery Is Accompanied by Changes in Extracellular
Vesicle-Associated and Plasma Fatty Acid Binding Protein 4. Obes Surg 28, 767-774,
doi:10.1007/s11695-017-2879-z (2018).

Arab, A., Moosavian, S. P., Hadi, A., Karimi, E. & Nasirian, M. The association between
serum omentin level and bodyweight: A systematic review and meta-analysis of
observational studies. Clin Nutr ESPEN 39, 22-29, doi:10.1016/j.clnesp.2020.06.014
(2020).

de Luis, D., Izaola, O., Primo, D. & Aller, R. A Randomized Trial with Two Hypocaloric
Diets with Different Lipid Profiles and Effects on Serum Omentin-1 Levels in Obese
Subjects. Dis Markers 2022, 6777283, d0i:10.1155/2022/6777283 (2022).

de Luis, D. A,, I1zaola, O., Primo, D. & Aller, R. Impact of 2 Different Hypocaloric Diets on
Serum Omentin Levels in Obese Subjects. Ann Nutr Metab 73, 138-144,
doi:10.1159/000489130 (2018).

Lapointe, M. et al. Omentin changes following bariatric surgery and predictive links with
biomarkers for risk of cardiovascular disease. Cardiovasc Diabetol 13, 124,
doi:10.1186/s12933-014-0124-9 (2014).



128
129
130

131
132
133

134
135
136

137
138
139

140
141
142

143
144
145

146
147
148
149

150
151
152

153
154
155
156

157
158
159

160
161

162
163
164
165

166
167
168

169
170
171

15

16

18

19

20

21

22

23

24

25

26

27

28

Li, Y., Shi, B. & Li, S. Association between serum chemerin concentrations and clinical
indices in obesity or metabolic syndrome: a meta-analysis. PLoS One 9, e113915,
doi:10.1371/journal.pone.0113915 (2014).

Chakaroun, R. et al. Effects of weight loss and exercise on chemerin serum
concentrations and adipose tissue expression in human obesity. Metabolism 61, 706-
714, doi:10.1016/j.metabol.2011.10.008 (2012).

Schmid, A., Roderfeld, M., Karrasch, T., Roeb, E. & Schaffler, A. Serum Chemerin Is
Decreased by Roux-en-Y Gastric Bypass and Low Calorie-Formula Diet in Obese
Individuals. Biomedicines 12, doi:10.3390/biomedicines12010033 (2023).

Siegrist, M. et al. Changes of omentin-1 and chemerin during 4 weeks of lifestyle
intervention and 1 year follow-up in children with obesity. Clin Nutr 40, 5648-5654,
doi:10.1016/j.clnu.2021.09.042 (2021).

Terra, X. et al. Long-term changes in leptin, chemerin and ghrelin levels following
different bariatric surgery procedures: Roux-en-Y gastric bypass and sleeve
gastrectomy. Obes Surg 23, 1790-1798, doi:10.1007/s11695-013-1033-9 (2013).

Semerena, E., Nencioni, A. & Masternak, K. Extracellular nicotinamide
phosphoribosyltransferase: role in disease pathophysiology and as a biomarker. Front
Immunol 14, 1268756, doi:10.3389/fimmu.2023.1268756 (2023).

Hernando-Redondo, J. et al. Mid- and long-term changes in satiety-related hormones,
lipid and glucose metabolism, and inflammation after a Mediterranean diet intervention
with the goal of losing weight: A randomized, clinical trial. Front Nutr9, 950900,
doi:10.3389/fnut.2022.950900 (2022).

Pham, T. T. et al. Pre-Diagnostic Circulating Resistin Concentrations Are Not Associated
with Colorectal Cancer Risk in the European Prospective Investigation into Cancer and
Nutrition Study. Cancers (Basel) 14, doi:10.3390/cancers14225499 (2022).

Bulmer, C. & Avenell, A. The effect of dietary weight-loss interventions on the
inflammatory markers interleukin-6 and TNF-alpha in adults with obesity: A systematic
review and meta-analysis of randomized controlled clinical trials. Obes Rev 26, e13910,
doi:10.1111/0br.13910 (2025).

Askarpour, M., Khani, D., Sheikhi, A., Ghaedi, E. & Alizadeh, S. Effect of Bariatric Surgery
on Serum Inflammatory Factors of Obese Patients: a Systematic Review and Meta-
Analysis. Obes Surg 29, 2631-2647, doi:10.1007/s11695-019-03926-0 (2019).

Fall, T. et al. Age- and sex-specific causal effects of adiposity on cardiovascular risk
factors. Diabetes 64, 1841-1852, d0i:10.2337/db14-0988 (2015).

Key, T.J. et al. Steroid hormone measurements from different types of assays in relation
to body mass index and breast cancer risk in postmenopausal women: Reanalysis of
eighteen prospective studies. Steroids 99, 49-55, doi:10.1016/j.steroids.2014.09.001
(2015).

Marriott, R. J. et al. Factors Associated With Circulating Sex Hormones in Men :
Individual Participant Data Meta-analyses. Ann Intern Med 176, 1221-1234,
doi:10.7326/M23-0342 (2023).

Wan, B., Ma, N., Zhou, Z. & Lv, C. Putative causal inference for the relationship between
obesity and sex hormones in males: a bidirectional Mendelian randomization study.
PeerJ 11, e15760, doi:10.7717/peerj.15760 (2023).



172
173
174

175
176
177

178
179
180

181
182
183

184
185
186

187
188
189

190
191
192

193
194
195

196
197
198

199
200
201

202
203
204

205
206
207

208
209
210

211
212
213

214
215
216

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Campbell, K. L. et al. Reduced-calorie dietary weight loss, exercise, and sex hormones
in postmenopausal women: randomized controlled trial. J Clin Oncol 30, 2314-2326,
doi:10.1200/JC0.2011.37.9792 (2012).

Emami, M. R. et al. Effect of bariatric surgery on endogenous sex hormones and sex
hormone-binding globulin levels: a systematic review and meta-analysis. Surg Obes
Relat Dis 17, 1621-1636, doi:10.1016/j.soard.2021.05.003 (2021).

Sook Lee, E. et al. Association between adiponectin levels and coronary heart disease
and mortality: a systematic review and meta-analysis. Int J Epidemiol 42, 1029-1039,
doi:10.1093/ije/dyt087 (2013).

van der Ark-Vonk, E. M., Puijk, M. V., Pasterkamp, G. & van der Laan, S. W. The Effects of
FABP4 on Cardiovascular Disease in the Aging Population. Curr Atheroscler Rep 26, 163-
175, doi:10.1007/s11883-024-01196-5 (2024).

Fontana, A. et al. Association between resistin levels and all-cause and cardiovascular
mortality: a new study and a systematic review and meta-analysis. PLoS One 10,
e0120419, doi:10.1371/journal.pone.0120419 (2015).

Rothwell, J. A. et al. Circulating amino acid levels and colorectal cancer risk in the
European Prospective Investigation into Cancer and Nutrition and UK Biobank cohorts.
BMC medicine 21, 80, doi:10.1186/s12916-023-02739-4 (2023).

Hisada, |. et al. Association of plasma branched-chain amino acid levels with colorectal
cancer risk in a nested case-control study. Jon J Clin Oncol, doi:10.1093/jjco/hyae172
(2024).

Yu, L. et al. Association between branched-chain amino acid levels and gastric cancer
risk: large-scale prospective cohort study. Front Nutr 11, 1479800,
d0i:10.3389/fnut.2024.1479800 (2024).

Li, Z., Hao, J., Wang, T., Guo, C. & Liu, L. Branched-chain amino acids and risk of lung
cancer: insights from mendelian randomization and NHANES lIl. J Thorac Dis 16, 5248-
5261, doi:10.21037/jtd-24-420 (2024).

Ma, C., Tang, L., Yao, J. & Tan, G. Identifying Proteins and Amino Acids Associated with
Liver Cancer Risk: A Study Utilizing Mendelian Randomization and Bulk RNA Sequencing
Analysis. J Pers Med 14, doi:10.3390/jpm14030262 (2024).

Li, Z. Y. et al. Prediagnostic plasma metabolite concentrations and liver cancer risk: a
population-based study of Chinese men. EBioMedicine 100, 104990,
doi:10.1016/j.ebiom.2024.104990 (2024).

Lecuyer, L. et al. NMR metabolomic profiles associated with long-term risk of prostate
cancer. Metabolomics : Official journal of the Metabolomic Society 17, 32,
doi:10.1007/s11306-021-01780-9 (2021).

Stolzenberg-Solomon, R. et al. Associations between metabolites and pancreatic
cancerrisk in a large prospective epidemiological study. Gut 69, 2008-2015,
do0i:10.1136/gutjnl-2019-319811 (2020).

Lecuyer, L. et al. NMR metabolomic signatures reveal predictive plasma metabolites
associated with long-term risk of developing breast cancer. Int J Epidemiol 47, 484-494,
doi:10.1093/ije/dyx271 (2018).

Yang, S. et al. Genetically Predicted Circulating Concentrations of Alanine and Alanine
Aminotransferase Were Associated with Prostate Cancer Risk. Clin Epidemiol 14, 1255-
1264, doi:10.2147/CLEP.S382116 (2022).



217
218
219

220
221

222
223

224
225
226

227
228
229

230
231
232

233
234

235
236
237

238
239
240

241
242
243

244
245
246

247
248
249

250
251

252
253
254

255
256
257

258

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Yun, Z. et al. Genetically predicted 486 blood metabolites in relation to risk of colorectal
cancer: A Mendelian randomization study. Cancer medicine 12, 13784-13799,
doi:10.1002/cam4.6022 (2023).

Dossus, L. et al. Prospective analysis of circulating metabolites and endometrial cancer
risk. Gynecol Oncol 162, 475-481, doi:10.1016/j.ygyno.2021.06.001 (2021).

Lin, J. et al. Plasma homocysteine and cysteine and risk of breast cancer in women.
Cancer Res 70, 2397-2405, doi:10.1158/0008-5472.CAN-09-3648 (2010).

Miller, J. W. et al. Homocysteine, cysteine, and risk of incident colorectal cancer in the
Women's Health Initiative observational cohort. Am J Clin Nutr 97, 827-834,
doi:10.3945/ajcn.112.049932 (2013).

Page, J. H. et al. Plasma total cysteine and total homocysteine and risk of myocardial
infarction in women: a prospective study. Am Heart J 159, 599-604,
doi:10.1016/j.ahj.2009.12.037 (2010).

Yao, X. &Tian, Z. Dyslipidemia and colorectal cancer risk: a meta-analysis of
prospective studies. Cancer Causes Control 26, 257-268, doi:10.1007/s10552-014-
0507-y (2015).

Chandler, P. D. et al. Lipid biomarkers and long-term risk of cancer in the Women's
Health Study. Am J Clin Nutr 103, 1397-1407, doi:10.3945/ajcn.115.124321 (2016).

Yang, Z., Tang, H., Lu, S., Sun, X. & Rao, B. Relationship between serum lipid level and
colorectal cancer: a systemic review and meta-analysis. BMJopen 12, e052373,
do0i:10.1136/bmjopen-2021-052373 (2022).

Zhang, Z. et al. Association between blood lipid levels and the risk of liver cancer: a
systematic review and meta-analysis. Cancer Causes Control 35, 943-953,
doi:10.1007/s10552-024-01853-9 (2024).

Amerizadeh, A., Vaseghi, G., Farajzadegan, Z. & Asgary, S. An Updated Systematic
Review and Meta-Analysis on Association of Serum Lipid Profile With Risk of Breast
Cancer Incidence. Int J Prev Med 13, 142, d0i:10.4103/ijpvm.lJPVM_285_20 (2022).

Nouri, M. et al. Effect of Serum Lipid Profile on the Risk of Breast Cancer: Systematic
Review and Meta-Analysis of 1,628,871 Women. J Clin Med 11,
doi:10.3390/jcm11154503 (2022).

Xu, S., Fan, Y., Tan, Y., Zhang, L. & Li, X. Association between blood lipid levels and risk
of gastric cancer: A systematic review and meta-analysis. PLoS One 18, 0288111,
doi:10.1371/journal.pone.0288111 (2023).

Markozannes, G. et al. Systematic review of Mendelian randomization studies on risk of
cancer. BMC medicine 20, 41, doi:10.1186/s12916-022-02246-y (2022).

van Duijnhoven, F. J. et al. Blood lipid and lipoprotein concentrations and colorectal
cancer risk in the European Prospective Investigation into Cancer and Nutrition. Gut 60,
1094-1102, doi:gut.2010.225011 [pii] 10.1136/gut.2010.225011 (2011).

Chan, W. C. et al. Associations of blood lipids and LDL cholesterol lowering drug-targets
with colorectal cancer risk: a Mendelian randomisation study. BrJ Cancer,
do0i:10.1038/s41416-024-02900-7 (2024).





