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Extended Data Fig. 8 | Associations between changes in 145 lipid species and SDS. A plus signindicates P < 0.05; an asterisk indicates P < 5% FDR. The sample
changesin cardiometabolic traits. Linear regression analysis was performed size (n) for each traitis listed in Extended Data Table 1, the maximum observed
adjusting for age, sex, treatment duration, baseline BMISDS, and change in BMI is185.
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Extended Data Fig. 9| The proportion mediated by changes of 66 lipid positive and blue negative. BMISDS reduction was calculated as the difference
profiles on the association between BMISDS reduction and changes in eight between BMISDS at baseline and BMISDS at follow-up. Changes in lipid profiles
cardiometabolic traits. Mediation analysis was performed adjusting for age, and cardiometabolic traits were calculated as the difference between the values
sex, and treatment duration. Each dot represents a significant indirect effect, at follow-up and those at baseline. The sample size (n) for each traitis listed in
with dot size indicating the mediation proportion categorized into 5-10%, Extended Data Table1.

10-20%, and =2 20%. Colors denote the direction of effects, with orange indicating
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Extended Data Table 1| Changes in participants characteristics after nonpharmacological obesity management

Al Decreased BMI SDS Increased BMI SDS
Outcome n Change P n Change P n Change P
BMISDS 186 -0.39[-0.76,-0.07] <0.001 154 -0.47[-0.81,-0.23] <0.001 32 0.13[0.08, 0.27] <0.001
Body fat, % 125 -2.85[-6.53,-0.38] <0.001 106 -3.23[-6.79,-1.55] <0.001 19 0.56[-0.75, 2.22] 0.169
Waist, cm 124 -1.00 [-7.00, 4.02] 0.193 105 -3.00 [-7.00, 3.00] 0.003 19 6.50[2.60, 11.85] 0.001
WHR 124 -0.02[-0.07,0.02] 0.003 105 -0.02[-0.07,0.02] 0.002 19 0.01[-0.05, 0.03] 0.891
Liver fat, % 100 0.00 [-1.42, 0.00] 0.021 81 0.00 [-1.60, 0.00] <0.001 19 0.30[0.00, 1.35] 0.078
Plasma ALT, U/L 185 -1.00 [-6.00, 5.00] 0.115 153 -1.00 [-7.00, 4.00] 0.018 32 2.00[-4.50, 9.00] 0.181
Plasma AST, U/L 180 -2.00 [-7.00, 4.00] 0.071 149 -2.00 [-7.00, 4.00] 0.099 31 -2.00[-6.50, 3.50] 0.44
Plasma GGT, U/L 185 0.00 [-3.00, 2.00] 0.841 153 -1.00 [-3.00, 2.00] 0.071 32 2.50[0.00,4.25] 0.005
Plasma LDH, U/L 181 -12.00 [-33.00, 5.00] <0.001 151 -12.00 [-33.00, 2.00] <0.001 30 -14.00 [-27.00, 11.50] 0.082
Plasma bilirubin, umol/L 185 -0.30[-2.00, 1.00] 0.013 153 -0.30[-2.00, 1.00] 0.028 32 0.00 [-2.25, 1.00] 0.261
Plasma TG, mmol/L 185 0.00[-0.30, 0.20] 0.37 153 0.00 [-0.30, 0.20] 0.132 32 0.10[-0.13, 0.30] 0.264
Plasma TC, mmol/L 185 -0.10[-0.50, 0.20] <0.001 153 -0.20[-0.50, 0.20] <0.001 32 -0.05[-0.42, 0.40] 0.688
Plasma HDL-C, mmol/L 185 0.10[0.00, 0.30] <0.001 153 0.10[0.00, 0.30] <0.001 32 0.05[-0.10, 0.20] 0.418
Plasma LDL-C, mmol/L 185 -0.20[-0.60, 0.10] <0.001 153 -0.20[-0.60, 0.10] <0.001 32 -0.15[-0.40, 0.20] 0.239
Serum C-peptide, nmol/L 144 0.03[-0.13,0.18] 0.112 119 0.02[-0.15,0.15] 0.883 25 0.16[0.019,0.32] 0.001
HOMA-IR, miU/L 182 0.34[-5.79,6.72] 0.518 150 -0.44[-6.52,5.98] 0.626 32 4.32[-1.85, 13.75] 0.017
Serum insulin, pmol/L 184 1.10[-24.93,29.91] 0.573 152 -3.05[-26.00, 22.41] 0.554 32 17.92 [-10.56, 57.52] 0.015
Plasma glucose, mmol/L 184 0.10[-0.20, 0.30] 0.011 152 0.10[-0.20, 0.30] 0.016 32 0.10[-0.13, 0.30] 0.356
Whole blood HbA1c, mmol/mol 184 -1.00 [-2.00, 1.00] <0.001 152 -1.00 [-2.00, 1.00] <0.001 32 -0.50 [-2.00, 1.00] 0.431
SBP SDS 122 -0.28 [-0.92, 0.48] 0.011 104 -0.38[-0.95, 0.44] 0.001 18 -0.05[-0.49, 1.01] 0.369
DBP SDS 122 -0.30[-0.73,0.02] <0.001 104 -0.29[-0.69, -0.00] <0.001 18 -0.35[-0.73, 0.26] 0.13

Changes from baseline to follow-up are expressed as median (interquartile range), with significance determined using the two-sided Wilcoxon signed rank test. Abbreviations: BMI, body mass
index; SDS, standard deviation score; WHR, waist-to-hip ratio; ALT, alanine aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyl transferase; LDH, lactate dehydrogenase;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; HOMA-IR, homeostasis model assessment of insulin resistance;
HbA1c, hemoglobin Alc; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX O OO0 000F

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  We used MassHunter (Agilent), MassHunter Workstation Software LC/MS Data Aquasition for 6200 series TOF/6500 series Q-TOF, Version
B.09.00. MZMine 2.0 for lipidomics data.

Data analysis We used R software version 4.2.2 for data analysis (main packages: ropls v1.30.0, circlize v0.4.15, Hmisc v4.7.2, ComplexHeatmap v2.14.0,

caret v6.0.94, pROC v1.18.0, nlme v3.1.160, mediation v4.5.0). The code is available at https://github.com/yunhuanghy/Lipidomic

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

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

Average levels of lipids have been deposited in the GitHub repository: https://github.com/yunhuanghy/Lipidomic/tree/main/average_data. In line with the current
regulation of General Data Protection Regulation (https://gdpr-info.eu/) to maintain patient confidentiality, individual-level clinical and lipidomics data generated in
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this study cannot be made publicly available. Lipidomics datasets are available from the authors upon request by contacting Prof. Torben Hansen at
torben.hansen@sund.ku.dk. The obesity management protocol is available upon request to Jens-Christian Holm at jhom@regionsjaelland.dk. Access to the data can
be granted through the Danish Data Protection Agency and the ethics committee for the Region Zealand of Denmark by obtaining proper approvals and in
accordance with patient information, and processing agreements. The time frame for response to requests from the authors is within a 1-month period. When
applying and processing data, restrictions apply: (1) a data processing agreement must be signed between the data controller and processor; (2) data must not be
processed for purposes other than statistical and scientific studies; and (3) personal data must be deleted, anonymized and destroyed at the end of investigation
and (4) must not be passed on to a third party or individuals who are not authorized to access the data.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender We always use sex for the biological separation of boys and girls. We include sex as a covariate in most of our analyses. We
explored potential sex differences in the associations between lipid species and cardiometabolic traits. Sex-specific effect
estimates were provided.

Reporting on race, ethnicity, or ' The study was conducted in a majority Caucasian pediatric population, with ethnicity determined through self-reporting by

other socially relevant participants.
groupings
Population characteristics In the cross-sectional study, the normal weight group consisted of 373 participants with a median age of 8.3 years

(interquartile range [IQR]: 6.9-12.4), of whom 48% were boys. The overweight/obesity group included 958 participants, with
a median age of 11.9 years (IQR: 9.8-14.1) and 44% boys. The intervention study included 186 participants with a median age
of 11.6 years (IQR: 9.9-13.7) and 45% boys.

Recruitment The study population consisted of a random sample of children and adolescents from The HOLBAEK Study, previously known
as The Danish Childhood Obesity Biobank. Participants in the obesity clinic cohort were recruited from the Children's Obesity
Clinic, which provides the multidisciplinary childhood obesity management program at the Children's Obesity Clinic,
Department of Pediatrics, Holbaek Hospital. Eligibility criteria was a BMI SDS above the 90th percentile according to Danish
reference values. Participants in a population-based cohort were recruited from schools across 11 municipalities in Zealand,
Denmark. Both cohorts were enrolled between January 2009 and April 2019.
There is potential self-selection bias in the obesity clinic cohort and the population-based cohort. Families attending the
obesity clinic may have a higher awareness of obesity, and those who consented to participate may differ in socioeconomic
profiles, health awareness, and other factors from those who declined. Moreover, the recruitment is based on the Zealand
region in Denmark. These factors might potentially affect the generalizability of the findings.

Ethics oversight According to the Declaration of Helsinki, written informed consent was obtained from all participants. An informed oral
assent was given by the participant if the participant was younger than 18, and then the parents gave informed written
consent. The study was approved by the Ethics Committee of Region Zealand, Denmark (SJ-104) and by the Danish Data
Protection Agency (REG-043-2013). The HOLBAEK Study are registered at ClinicalTrials.gov (NCT00928473).

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

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

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

Sample size 958 children and adolescents with overweight or obesity and 373 with normal-weight were included in the cross-sectional study, and 186
within the intervention study, where blood samples underwent lipidomics analysis. No sample size calculation was performed. Cross-sectional
dataset has been previously used in other publications, mainly focused on clinical outputs. There we could see that the sample size was
sufficient to provide statistical significance. The intervention study was restricted to the feasibility criteria, driven by clinical time and budget
available, as omics study always requieres high number of participants.

Data exclusions  Participants were excluded based on: diagnosed type 1 diabetes mellitus or T2D (n=3); intake of medications including statins, insulin,
metformin, and liraglutide (n=3); meeting T2D criteria based on blood sample (fasting plasma glucose > 7.0 mmol/L and/or HbAlc > 48 mmol/
mol) (n=2); the interval between baseline visit and blood sample collection> 90 days (n=12); underweight (BMI < 5th percentile [BMI SDS <
-1.64]) (n=12).

Replication We did not perform technical or biological replication of the samples within lipidomics analysis. However, in the intervention study we could
observe a replicated patterns of obesity-associated lipids.

Randomization  Samples within each cohort were randomised for the lipidomics experiments. Other clinical tests did not require a randomization, as data
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Randomization  collection happened at the same time as the clinical visit. We do not present here a randomized clinical trial.

Blinding Scientists performing the lipidomics analysis were blinded with no access to the clinical data of the individuals. For experiments other than
lipdidomics and proteomics, blinding was not relevant, since first cohort was a cross-sectional study and second was intervention, where all
participants were under the same type of weight management.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChlIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology g |:| MRI-based neuroimaging
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Plants

Clinical data

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov registration number: NCT00928473

Study protocol The study protocol was approved by the ethics committee for the Region Zealand (protocol no. SJ-104) and available upon request by
contacting Prof. Torben Hansen at torben.hansen@sund.ku.dk. This information was also stated in the manuscript

Data collection Participants in The HOLBAEK Study were enrolled between January 2009 and April 2019. Clinical data were collected at the
participants’ baseline visit at The Children's Obesity Clinic, Department of Paediatrics, Holbaek Hospital in Denmark.

Outcomes In the cross-sectional study, the primary outcome was the identification of lipid species associated with obesity, achieved by
comparing the lipid profiles of children and adolescents with overweight or obesity, defined as a BMI SDS above 1.28, to those of
normal weight. Secondly, we examined the association between lipid species and cardiometabolic risk profiles.

In the intervention study, the primary outcome focused on the changes in lipid species associated with reductions in BMI SDS. The
secondary outcome involved assessing the changes in lipid species in relation to cardiometabolic risk profiles.

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

Authentication Bg:((;/ﬁl]félggy authentication procedtres for-each-seed stock-tised-ornovel-genotype-generated.-bDescribe-any-experiments-tsed-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.






