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1 Cardiometabolic diseases 

1.1 Cardiology 

2024 

Andrews SG, Koehle AM, Paudel D, Neuberger T, Ross AC, Singh V et al. Diet-Induced Severe 
Hyperhomocysteinemia Promotes Atherosclerosis Progression and Dysregulates the Plasma 
Metabolome in Apolipoprotein-E-Deficient Mice. Nutrients 2024; 16(3):330 
DOI: 10.3390/nu16030330. 

Castro R, Kalecký K, Huang NK, Petersen K, Singh V, Ross AC et al. A very-low carbohydrate 
content in a high-fat diet modifies the plasma metabolome and impacts systemic inflammation 
and experimental atherosclerosis. The Journal of Nutritional Biochemistry 2024; 126:109562 
DOI: 10.1016/j.jnutbio.2023.109562. 

Cho S, Dadson K, Sung HK, Ayansola O, Mirzaesmaeili A, Noskovicova N et al. Cardioprotection 
by the adiponectin receptor agonist ALY688 in a preclinical mouse model of heart failure with 
reduced ejection fraction (HFrEF). Biomed Pharmacother 2024; 171:116119 
DOI: 10.1016/j.biopha.2023.116119. 

Decker NS, Johnson T, Le Cornet C, Behrens S, Obi N, Kaaks R et al. Associations between 
lifestyle, health, and clinical characteristics and circulating oxysterols and cholesterol 
precursors in women diagnosed with breast cancer: a cross-sectional study. Sci Rep 2024; 
14(1):4977 DOI: 10.1038/s41598-024-55316-x. 

Kretzschmar T, Westphal J, Neugebauer S, Wu JMF, Zeller M, Bogoviku J et al. Metabolic 
Profiling Identifies 1-MetHis and 3-IPA as Potential Diagnostic Biomarkers for Patients With 
Acute and Chronic Heart Failure With Reduced Ejection Fraction. Circ Heart Fail 2024; 
17(1):e010813 DOI: 10.1161/CIRCHEARTFAILURE.123.010813. 

Maushagen J, Addin NS, Schuppert C, Ward-Caviness CK, Nattenmüller J, Adamski J et al. Serum 
metabolite signatures of cardiac function and morphology in individuals from a population-
based cohort. Biomark Res 2024; 12(1):31 DOI: 10.1186/s40364-024-00578-w. 

 

2023 

Avery EG, Bartolomaeus H, Rauch A, Chen C-Y, N'Diaye G, Löber U et al. Quantifying the impact 
of gut microbiota on inflammation and hypertensive organ damage. Cardiovascular Research 
2023; 119(6):1441–52. DOI: 10.1093/cvr/cvac121. 

Berkowicz P, Totoń-Żurańska J, Kwiatkowski G, Jasztal A, Csípő T, Kus K et al. Accelerated 
ageing and coronary microvascular dysfunction in chronic heart failure in Tgαq*44 mice. 
GeroScience 2023:1–30. DOI: 10.1007/s11357-022-00716-y. 

Dieu X, Tamareille S, Herbreteau A, Lebeau L, La Chao de Barca JM, Chabrun F et al. Combined 
Metabolipidomic and Machine Learning Approach in a Rat Model of Stroke Reveals a 
Deleterious Impact of Brain Injury on Heart Metabolism. IJMS 2023 [cited 2023 Jul 27]; 
24(15):12000. DOI: 10.3390/ijms241512000. 

https://doi.org/10.3390/nu16030330
https://doi.org/10.1016/j.jnutbio.2023.109562
https://doi.org/10.1016/j.biopha.2023.116119
https://doi.org/10.1038/s41598-024-55316-x
https://doi.org/10.1161/CIRCHEARTFAILURE.123.010813
https://doi.org/10.1186/s40364-024-00578-w
https://doi.org/10.1093/cvr/cvac121
https://doi.org/10.1007/s11357-022-00716-y
https://doi.org/10.3390/ijms241512000
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Krause J, Nickel A, Madsen A, Aitken-Buck HM, Stoter AMS, Schrapers J et al. An arrhythmogenic 
metabolite in atrial fibrillation. J Transl Med 2023; 21(1):566. 
DOI: 10.1186/s12967-023-04420-z. 

Lee E-J, Da Kim J, Kang D-W, Yang W, Jeong H-Y, Kim J-M et al. Targeted Metabolomic 
Biomarkers for Stroke Subtyping. Transl Stroke Res 2023. DOI: 10.1007/s12975-023-01137-5. 

Morici N, Frigerio G, Campolo J, Fustinoni S, Sacco A, Garatti L et al. Cardiogenic Shock 
Integrated PHenotyping for Event Reduction: A Pilot Metabolomics Analysis. IJMS 2023; 
24(24):17607. DOI: 10.3390/ijms242417607. 

 

2022 

Bekfani T, Bekhite M, Neugebauer S, Derlien S, Hamadanchi A, Nisser J et al. Metabolomic 
Profiling in Patients with Heart Failure and Exercise Intolerance: Kynurenine as a Potential 
Biomarker. Cells 2022; 11(10):1674. DOI: 10.3390/cells11101674. 

Bollen Pinto B, Ferrario M, Herpain A, Brunelli L, Bendjelid K, Carrara M et al. Metabolites 
Concentration in Plasma and Heart Tissue in Relation to High Sensitive Cardiac Troponin T Level 
in Septic Shock Pigs. Metabolites 2022; 12(4):319. DOI: 10.3390/metabo12040319. 

Cansby E, Kumari S, Caputo M, Xia Y, Porosk R, Robinson J et al. Silencing of STE20-type kinase 
STK25 in human aortic endothelial and smooth muscle cells is atheroprotective. Commun Biol 
2022; 5(1):379. DOI: 10.1038/s42003-022-03309-9. 

Cheng P, Han H, Chen F, Cheng L, Ma C, Huang H et al. Amelioration of acute myocardial 
infarction injury through targeted ferritin nanocages loaded with an ALKBH5 inhibitor. Acta 
Biomater 2022; 140:481–91. DOI: 10.1016/j.actbio.2021.11.041. 

Eerik K, Kasepalu T, Kuusik K, Eha J, Vähi M, Kilk K et al. Effects of RIPC on the Metabolome in 
Patients Undergoing Vascular Surgery: A Randomized Controlled Trial. Biomolecules 2022; 
12(9):1312. DOI: 10.3390/biom12091312. 

Facchinello N, Astone M, Audano M, Oberkersch RE, Spizzotin M, Calura E et al. Oxidative 
pentose phosphate pathway controls vascular mural cell coverage by regulating extracellular 
matrix composition. Nat Metab 2022; 4(1):123–40. DOI: 10.1038/s42255-021-00514-4. 

Haghikia A, Zimmermann F, Schumann P, Jasina A, Roessler J, Schmidt D et al. Propionate 
attenuates atherosclerosis by immune-dependent regulation of intestinal cholesterol 
metabolism. Eur Heart J 2022; 43(6):518–33. DOI: 10.1093/eurheartj/ehab644. 

Hassan L, Efremov L, Großkopf A, Kartschmit N, Medenwald D, Schott A et al. Cardiovascular 
risk factors, living and ageing in Halle: the CARLA study. Eur J Epidemiol 2022; 37(1):103–16. 
DOI: 10.1007/s10654-021-00824-7. 

Hofbauer TM, Distelmaier K, Muqaku B, Spinka G, Seidl V, Arfsten HT et al. Metabolomics 
implicate eicosanoids in severe functional mitral regurgitation. ESC Heart Failure 2022. 
DOI: 10.1002/ehf2.14160. 

Hsu P-C, Maity S, Patel J, Lupo PJ, Nembhard WN. Metabolomics Signatures and Subsequent 
Maternal Health among Mothers with a Congenital Heart Defect-Affected Pregnancy. 
Metabolites 2022; 12(2):100. DOI: 10.3390/metabo12020100. 

Huang C-C, Huang Y-L, Lin C-H, Chen J-W. Plasma metabolomic profiles associated with 
hypertension and blood pressure in response to thiazide diuretics. Hypertens Res 2022; 
45(3):464–73. DOI: 10.1038/s41440-021-00825-9. 

https://doi.org/10.1186/s12967-023-04420-z
https://doi.org/10.1007/s12975-023-01137-5
https://doi.org/10.3390/ijms242417607
https://doi.org/10.3390/cells11101674
https://doi.org/10.3390/metabo12040319
https://doi.org/10.1038/s42003-022-03309-9
https://doi.org/10.1016/j.actbio.2021.11.041
https://doi.org/10.3390/biom12091312
https://doi.org/10.1038/s42255-021-00514-4
https://doi.org/10.1093/eurheartj/ehab644
https://doi.org/10.1007/s10654-021-00824-7
https://doi.org/10.1002/ehf2.14160
https://doi.org/10.3390/metabo12020100
https://doi.org/10.1038/s41440-021-00825-9
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La Chao de Barca JM, Chabrun F, Lefebvre T, Roche O, Huetz N, Blanchet O et al. A 
Metabolomic Profiling of Intra-Uterine Growth Restriction in Placenta and Cord Blood Points to 
an Impairment of Lipid and Energetic Metabolism. Biomedicines 2022; 10(6). 
DOI: 10.3390/biomedicines10061411. 

Lee Y-H, Park S. Genetic and Lifestyle-Related Factors Influencing Serum Hyper-
Propionylcarnitine Concentrations and Their Association with Metabolic Syndrome and 
Cardiovascular Disease Risk. IJMS 2023; 24(21):15810. DOI: 10.3390/ijms242115810. 

Loretz N, Becker C, Hochstrasser S, Metzger K, Beck K, Mueller J et al. Activation of the 
kynurenine pathway predicts mortality and neurological outcome in cardiac arrest patients: A 
validation study. J Crit Care 2022; 67:57–65. DOI: 10.1016/j.jcrc.2021.09.025. 

Reel S, Reel PS, Erlic Z, Amar L, Pecori A, Larsen CK et al. Predicting Hypertension Subtypes with 
Machine Learning Using Targeted Metabolites and Their Ratios. Metabolites 2022; 12(8):755. 
DOI: 10.3390/metabo12080755. 

Reel PS, Reel S, van Kralingen JC, Langton K, Lang K, Erlic Z et al. Machine learning for 
classification of hypertension subtypes using multi-omics: A multi-centre, retrospective, data-
driven study. EBioMedicine 2022; 84:104276. DOI: 10.1016/j.ebiom.2022.104276. 

Zalesak-Kravec S, Huang W, Jones JW, Yu J, Alloush J, Defnet AE et al. Role of cellular retinol-
binding protein, type 1 and retinoid homeostasis in the adult mouse heart: A multi-omic 
approach. FASEB J. 2022; 36(4). DOI: 10.1096/fj.202100901RRR. 

 

2021 

Baraniuk JN, Kern G, Narayan V, Cheema A. Exercise modifies glutamate and other metabolic 
biomarkers in cerebrospinal fluid from Gulf War Illness and Myalgic encephalomyelitis / Chronic 
Fatigue Syndrome. PLOS ONE 2021; 16(1):e0244116. DOI: 10.1371/journal.pone.0244116. 

Bartenbach L, Karall T, Koch J, Keller MA, Oberacher H, Scholl-Bürgi S et al. Amino Acid and 
Phospholipid Metabolism as an Indicator of Inflammation and Subtle Cardiomyopathy in 
Patients with Marfan Syndrome. Metabolites 2021; 11(12). DOI: 10.3390/metabo11120805. 

Bouche L, Kamel R, Tamareille S, Garcia G, Villedieu C, Pillot B et al. DRP1 haploinsufficiency 
attenuates cardiac ischemia/reperfusion injuries. PLOS ONE 2021; 16(3):e0248554. 
DOI: 10.1371/journal.pone.0248554. 

Cedars A, Manlhiot C, Ko J-M, Bottiglieri T, Arning E, Weingarten A et al. Metabolomic Profiling 
of Adults with Congenital Heart Disease. Metabolites 2021; 11(8). 
DOI: 10.3390/metabo11080525. 

Cheng C-W, Liu M-H, Tang H-Y, Cheng M-L, Wang C-H. Factors associated with elevated 
plasma phenylalanine in patients with heart failure. Amino Acids 2021; 53(2):149-57. 
DOI: 10.1007/s00726-020-02933-1. 

Dawczynski C, Cullen PM, Schlattmann P, Lorkowski S. A study protocol of a randomized trial 
evaluating the effect of using defined menu plans within an intensive personal nutritional 
counseling program on cardiovascular risk factors: The MoKaRi (modulation of cardiovascular 
risk factors) trial. Contemp Clin Trials Commun 2021; 22:100761. 
DOI: 10.1016/j.conctc.2021.100761. 

Emmert DB, Vukovic V, Dordevic N, Weichenberger CX, Losi C, D'Elia Y et al. Genetic and 
Metabolic Determinants of Atrial Fibrillation in a General Population Sample: The CHRIS Study. 
Biomolecules 2021; 11(11):1663. DOI: 10.3390/biom11111663. 

https://doi.org/10.3390/biomedicines10061411
https://doi.org/10.3390/ijms242115810
https://doi.org/10.1016/j.jcrc.2021.09.025
https://doi.org/10.3390/metabo12080755
https://doi.org/10.1016/j.ebiom.2022.104276
https://doi.org/10.1096/fj.202100901RRR
https://doi.org/10.1371/journal.pone.0244116
https://doi.org/10.3390/metabo11120805
https://doi.org/10.1371/journal.pone.0248554
https://doi.org/10.3390/metabo11080525
https://doi.org/10.1007/s00726-020-02933-1
https://doi.org/10.1016/j.conctc.2021.100761
https://doi.org/10.3390/biom11111663
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Gladding PA, Loader S, Smith K, Zarate E, Green S, Villas-Boas S et al. Multiomics, virtual reality 
and artificial intelligence in heart failure. Future Cardiol 2021; 17(8):1335–47. 
DOI: 10.2217/fca-2020-0225. 

Haas J, Frese KS, Sedaghat-Hamedani F, Kayvanpour E, Tappu R, Nietsch R et al. Energy 
Metabolites as Biomarkers in Ischemic and Dilated Cardiomyopathy. International Journal of 
Molecular Sciences 2021; 22(4):1999. DOI: 10.3390/ijms22041999. 

Haase D, Bäz L, Bekfani T, Neugebauer S, Kiehntopf M, Möbius-Winkler S et al. Metabolomic 
profiling of patients with high gradient aortic stenosis undergoing transcatheter aortic valve 
replacement. Clin Res Cardiol 2021; 110(3):399-410. DOI: 10.1007/s00392-020-01754-2. 

Hilse MS, Kretzschmar T, Pistulli R, Franz M, Bekfani T, Haase D et al. Analysis of Metabolic 
Markers in Patients with Chronic Heart Failure before and after LVAD Implantation. Metabolites 
2021; 11(9). DOI: 10.3390/metabo11090615. 

Kuka J, Makrecka-Kuka M, Vilks K, Korzh S, Cirule H, Sevostjanovs E et al. Inhibition of Fatty Acid 
Metabolism Increases EPA and DHA Levels and Protects against Myocardial Ischaemia-
Reperfusion Injury in Zucker Rats. Oxid Med Cell Longev 2021; 2021:7493190. 
DOI: 10.1155/2021/7493190. 

Lehn-Stefan A, Peter A, Machann J, Schick F, Randrianarisoa E, Heni M et al. Elevated 
circulating Glutamate associates with subclinical Atherosclerosis independently of established 
Risk Markers: a cross-sectional study. J Clin Endocrinol Metab 2021; 106(2):e982-e989. 
DOI: 10.1210/clinem/dgaa898. 

Lieberg J, Wanhainen A, Ottas A, Vähi M, Zilmer M, Soomets U et al. Metabolomic Profile of 
Abdominal Aortic Aneurysm. Metabolites 2021; 11(8). DOI: 10.3390/metabo11080555. 

Liepinsh E, Kuka J, Vilks K, Svalbe B, Stelfa G, Vilskersts R et al. Low cardiac content of long-
chain acylcarnitines in TMLHE knockout mice prevents ischaemia-reperfusion-induced 
mitochondrial and cardiac damage. Free Radic Biol Med 2021; 177:370–80. 
DOI: 10.1016/j.freeradbiomed.2021.10.035. 

Nolde M, Bahls M, Friedrich N, Dörr M, Dreischulte T, Felix SB et al. Association of proton pump 
inhibitor use with endothelial function and metabolites of the nitric oxide pathway: A cross-
sectional study. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy 
2021; 41(2):198-204. DOI: 10.1002/phar.2504. 

O'Connell TM, Logsdon DL, Mitscher G, Payne RM. Metabolic profiles identify circulating 
biomarkers associated with heart failure in young single ventricle patients. Metabolomics 2021; 
17(10):95. DOI: 10.1007/s11306-021-01846-8. 

Piedrafita A, Balayssac S, Mayeur N, Gazut S, Grossac J, Buleon M et al. The tryptophan pathway 
and nicotinamide supplementation in ischemic acute kidney injury. Clin Kidney J 2021; 
14(12):2490–6. DOI: 10.1093/ckj/sfab050. 

Pietzsch S, Wohlan K, Thackeray JT, Heimerl M, Schuchardt S, Scherr M et al. Anthracycline-free 
tumor elimination in mice leads to functional and molecular cardiac recovery from cancer-
induced alterations in contrast to long-lasting doxorubicin treatment effects. Basic Res Cardiol 
2021; 116(1):61. DOI: 10.1007/s00395-021-00902-7. 

Portero V, Nicol T, Podliesna S, Marchal GA, Baartscheer A, Casini S et al. Chronically elevated 
branched chain amino acid levels are pro-arrhythmic. Cardiovascular Research 2021; 
118(7):1742–57. DOI: 10.1093/cvr/cvab207. 

https://doi.org/10.2217/fca-2020-0225
https://doi.org/10.3390/ijms22041999
https://doi.org/10.1007/s00392-020-01754-2
https://doi.org/10.3390/metabo11090615
https://doi.org/10.1155/2021/7493190
https://doi.org/10.1210/clinem/dgaa898
https://doi.org/10.3390/metabo11080555
https://doi.org/10.1016/j.freeradbiomed.2021.10.035
https://doi.org/10.1002/phar.2504
https://doi.org/10.1007/s11306-021-01846-8
https://doi.org/10.1093/ckj/sfab050
https://doi.org/10.1007/s00395-021-00902-7
https://doi.org/10.1093/cvr/cvab207
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Volani C, Rainer J, Hernandes VV, Meraviglia V, Pramstaller PP, Smárason SV et al. Metabolic 
Signature of Arrhythmogenic Cardiomyopathy. Metabolites 2021; 11(4). 
DOI: 10.3390/metabo11040195. 

Zalesak-Kravec S, Huang W, Wang P, Yu J, Liu T, Defnet AE et al. Multi-omic Analysis of Non-
human Primate Heart after Partial-body Radiation with Minimal Bone Marrow Sparing. Health 
Phys 2021; 121(4):352–71. DOI: 10.1097/HP.0000000000001478. 

Ziegler D, Strom A, Straßburger K, Knebel B, Bönhof GJ, Kotzka J et al. Association of cardiac 
autonomic dysfunction with higher levels of plasma lipid metabolites in recent-onset type 2 
diabetes. Diabetologia 2021; 64(2):458-68. DOI: 10.1007/s00125-020-05310-5. 

 

1.2 Diabetology 

2024 

Bernal-Casas D, Serrano-Marín J, Sánchez-Navés J, Oller JM, Franco R. Advancing Personalized 
Medicine by Analytical Means: Selection of Three Metabolites That Allows Discrimination 
between Glaucoma, Diabetes, and Controls. Metabolites 2024; 14(3):149 
DOI: 10.3390/metabo14030149. 

Golubnitschaja O, Polivka J, Potuznik P, Pesta M, Stetkarova I, Mazurakova A et al. The paradigm 
change from reactive medical services to 3PM in ischemic stroke: a holistic approach utilising 
tear fluid multi-omics, mitochondria as a vital biosensor and AI-based multi-professional data 
interpretation. EPMA J 2024; 15(1):1–23 DOI: 10.1007/s13167-024-00356-6. 

Ratter-Rieck JM, Shi M, Suhre K, Prehn C, Adamski J, Rathmann W et al. Omentin associates with 
serum metabolite profiles indicating lower diabetes risk: KORA F4 Study. BMJ Open Diabetes 
Research and Care 2024; 12(2):e003865 DOI: 10.1136/bmjdrc-2023-003865. 

Sarkar P, Chintaluri S, Sarkar S, Unnisa M, Jakkampudi A, Mulukutla AP et al. Evaluation of the 
Crosstalk Between the Host Mycobiome and Bacteriome in Patients with Chronic Pancreatitis. 
Indian J Microbiol 2024:1–15 DOI: 10.1007/s12088-024-01207-8. 

 

2023 

Abu-Farha M, Joseph S, Mohammad A, Channanath A, Taher I, Al-Mulla F et al. Targeted 
Metabolomics Analysis of Individuals Carrying the ANGPTL8 R59W Variant. Metabolites 2023; 
13(9):972. DOI: 10.3390/metabo13090972. 

Anwardeen NR, Cyprian FS, Yassine HM, Al-Thani AA, Abdallah AM, Emara MM et al. The 
retrospective study of the metabolic patterns of BCG-vaccination in type-2 diabetic individuals 
in COVID-19 infection. Front Immunol 2023; 14. DOI: 10.3389/fimmu.2023.1146443. 

Balonov I, Kurlbaum M, Koschker A-C, Stier C, Fassnacht M, Dischinger U. Changes in Plasma 
Metabolomic Profile Following Bariatric Surgery, Lifestyle Intervention or Diet Restriction-
Insights from Human and Rat Studies. IJMS 2023; 24(3):2354. DOI: 10.3390/ijms24032354. 

Bogard G, Barthelemy J, Hantute-Ghesquier A, Sencio V, Brito-Rodrigues P, Séron K et al. SARS-
CoV-2 infection induces persistent adipose tissue damage in aged golden Syrian hamsters. Cell 
Death Dis 2023; 14(2):75. DOI: 10.1038/s41419-023-05574-w. 

https://doi.org/10.3390/metabo11040195
https://doi.org/10.1097/HP.0000000000001478
https://doi.org/10.1007/s00125-020-05310-5
https://doi.org/10.3390/metabo14030149
https://doi.org/10.1007/s13167-024-00356-6
https://doi.org/10.1136/bmjdrc-2023-003865
https://doi.org/10.1007/s12088-024-01207-8
https://doi.org/10.3390/metabo13090972
https://doi.org/10.3389/fimmu.2023.1146443
https://doi.org/10.3390/ijms24032354
https://doi.org/10.1038/s41419-023-05574-w
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Chang K-H, Chen C-M, Lin C-N, Tsai S-S, Lyu R-K, Chu C-C et al. Identification of blood 
metabolic biomarkers associated with diabetic distal symmetric sensorimotor polyneuropathy in 
patients with type 2 diabetes mellitus. Journal of the Peripheral Nervous System 2023; 
28(4):651–63. DOI: 10.1111/jns.12600. 

Dong Q, Sidra S, Gieger C, Wang-Sattler R, Rathmann W, Prehn C et al. Metabolic Signatures 
Elucidate the Effect of Body Mass Index on Type 2 Diabetes. Metabolites 2023; 13(2):227. 
DOI: 10.3390/metabo13020227. 

Hallan SI, Øvrehus MA, Darshi M, Montemayor D, Langlo KA, Bruheim P et al. Metabolic 
Differences in Diabetic Kidney Disease Patients with Normoalbuminuria versus Moderately 
Increased Albuminuria. Kidney360 2023; 4(10):1407–18. 
DOI: 10.34067/KID.0000000000000248. 

Kropp M, Clerck E de, Vo T-TKS, Thumann G, Costigliola V, Golubnitschaja O. Short 
communication: unique metabolic signature of proliferative retinopathy in the tear fluid of 
diabetic patients with comorbidities - preliminary data for PPPM validation. EPMA J 2023; 
14(1):43–51. DOI: 10.1007/s13167-023-00318-4. 

Rigamonti AE, Frigerio G, Caroli D, Col A de, Cella SG, Sartorio A et al. A Metabolomics-Based 
Investigation of the Effects of a Short-Term Body Weight Reduction Program in a Cohort of 
Adolescents with Obesity: A Prospective Interventional Clinical Study. Nutrients 2023; 
15(3):529. DOI: 10.3390/nu15030529. 

Rosario SR, Dong B, Zhang Y, Hsiao H-H, Isenhart E, Wang J et al. Metabolic Dysregulation 
Explains the Diverse Impacts of Obesity in Males and Females with Gastrointestinal Cancers. 
IJMS 2023; 24(13). DOI: 10.3390/ijms241310847. 

Shashikadze B, Valla L, Lombardo SD, Prehn C, Haid M, Riols F et al. Maternal hyperglycemia 
induces alterations in hepatic amino acid, glucose and lipid metabolism of neonatal offspring: 
Multi-omics insights from a diabetic pig model. Mol Metab 2023; 75:101768. 
DOI: 10.1016/j.molmet.2023.101768. 

Shi M, Han S, Klier K, Fobo G, Montrone C, Yu S et al. Identification of candidate metabolite 
biomarkers for metabolic syndrome and its five components in population-based human 
cohorts. Cardiovasc Diabetol 2023; 22(1):141. DOI: 10.1186/s12933-023-01862-z. 

Trischitta V, Mastroianno M, Scarale MG, Prehn C, Salvemini L, Fontana A et al. Circulating 
metabolites improve the prediction of renal impairment in patients with type 2 diabetes. BMJ 
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