





Extended Data Fig. 9 | Shared microbiome features of obesity measures

and their metabolic associations. a. Barplots show number of differentially
abundant taxa across metBMl residuals, BMI, VAT attenuation, and area,
categorized as confounded (orange) or unconfounded (green) by medication.
Circles above bars indicate proportions of low-abundant features (see methods,
shaded by confounding status). Low-abundant species constituted 33%, 31%,
and 8% of taxa along BMI, VAT attenuation, and VAT area, respectively, with ~50%
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confounded by medication (except VAT area). b. Venn Diagram illustrates taxa-
overlaps between traits (ANCOM-BC, Cohen’s D > 0.05, Q value < 0.1). c. Heatmap
displays two-sided Spearman’s correlations between shared species and clinical
markers (Q value < 0.1) in the IGT-microbiota cohort (n =1,408). Marker color
indicates effect direction. Bar plots show the percentage of featuresin the
heatmap significantly correlated with the covariate. d. Similar to ¢, showing taxa
uniquely associated with metBMl residuals. ** Pvalue < 0.01, *** Pvalue < 0.001.
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Extended Data Fig. 10 | Top metabolites predictive of metBMI show wide
associations with microbiome species. a. Contribution of top predictor
metabolites (selected by recursive feature elimination or retained across all 10
LASSO models) to the model. Signed effect sizes are depicted by color (purple for
higher predicted metBMI with positive coefficients, green for lower predicted
metBMI with negative coefficients). Metabolites are labeled and colored by
subpathway, with each subpathway represented by a unique tile color.
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b. two-sided Spearman’s correlations between 708 gut microbial species and 55
metabolites from the top 66 metabolites selected in recursive feature elimination
and all10 LASSO models (shownin a) in the IGT-microbiota cohort (n =1,408).
Displayed are Spearman’s Rho values for significant associations after adjusting
for multiple testing ad modum Benjamini-Hochberg (Q value < 0.05). Metabolite
labels are colored based on their effect direction in metBMI prediction (purple
for higher metBMI, green for lower metBMI).
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Software and code

Policy information about availability of computer code

Data collection  FINDRISC was used for calculating the diabetes risk and MiniMealQ for collecting the dietary data. Cardiovascular risk was estimated using the
Framingham risk score and physical activity was measured using a hip-worn accelerometer (ActiGraph model GT3X+, wGT3X+, and wGT3X-BT,
ActiGraph LCC, Pensacola, FL, USA).

Data analysis Open-source and standard packages include: Kraken2 (v2.1.2) and Bracken (v2.6.2), MEDUSA for microbial gene abundance estimation,
BLASTX, Omixer-RPM (v1.1), glmnet (v4.1.6), ppcor (v1.1),nortest (v1.0.4), caret (v6.0.93), Boruta (v8.0.0), mediation (v4.5.0), phyloseq
(v1.42.0) and vegan, ANCOM-BC (v1.4.0), metadeconfoundR, ComplexHeatmap, NetCoMi (v1.1.0), and ggplot2 (v3.4.0) and factoextra
(v1.0.1). All statistical analyses and visualizations were conducted in R (version 4.1.1)
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The IGT-microbiota and SCAPIS de-identified datasets used in this study are accessible to qualified researchers via a Data Use Agreement for research purposes. For
data access inquiries, please contact Prof. Fredrik Backhed; responses will be provided within seven business days. The raw WMGS data are available upon request.
whole metagenomic data are deposited at ENA under accession numbers PRIEB91733 and ERP174669.
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Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
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Reporting on sex and gender The study includes both sexes. Sex (based on self-reporting) was used throughout the study and included as covariate for
modelling. sex-specific post hoc analyses were performed

Reporting on race, ethnicity, or the term European is used to describe participants in this study.
other socially relevant

groupings

Population characteristics The study has included the population-based cohorts (IGT and SCAPIS) from Gothenburg, Sweden and a bariatric surgery
cohort from Germany. Population characteristics are described in the manuscript in Suppelementary Tables.

Recruitment As a population level study, all participants were randomly invited by letter and thus without any specific selection that might
impact the results. All invited participants were screened with questionnaire and oral glucose tolerance test. participants
undergoing bariatric surgery had to be elligible for surgery according to clinical criteria.

Ethics oversight all studies adhered to the ethical guidelines of the Declaration of Helsinki and were approved by the regional ethics review

board in Gothenburg (IGT: the Swedish Ethics Review Authority, institutional review board study number Dnr560-13) and
Swedish Ethics Review Authority (SCAPIS: Etikprovningsmyndigheten Dnr 2010-228-31M, Dnr 2018-315). All participants
provided written informed consent, and no compensation was provided for their participation. For bariatric surgery The
study protocols were approved by the University of Leipzig's ethics committee (applications 017-12-23012012 and
047-13-28012013), with all participants providing written informed consent.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The complete IGT microbiota cohort included 1833 individuals. Only participants with CT-scans and complete multi-omics were included,
leaving 1408 participants. No a priori Power calculation was conducted. in our previous publication, a subset of this cohort was deemed to
have sufficient power for modest effect sizes (DOI: 10.1016/j.cmet.2020.06.011).

Data exclusions  participants without CT-scans, Microbiome and multi-omics data were excluded from IGT-microbiota and SCAPIS.

Replication The SCAPIS cohort was used for replication.

Randomization  As a cohort-based observational study, the sample collection and measurements were performed in a random order with no further
randomization.

Blinding As a cohort-based observational study, no blinding was performed.
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