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Redefining obesity

Overweight and obesity management

The Lancet Diabetes & Endocrinology Commission I
NICE guideline | NG246 | Published: 14 January 2025

og s . . . . _— . +
Definition and diagnostic criteria of clinical obesity x®
Francesco Rubino, David E Cummings, Robert H Eckel, Ricardo V Cohen, John P H Wilding, Wendy A Brown, Fatima Cody Stanford, « o o . o o
Rachel L Batterham, | Sadaf Farooqi, Nathalie | Farpour-Lambert, Carel W le Roux, Naveed Sattar, Louise A Baur, Katherine M Morrison, Ensu re th at a[[ Ve Comm unlca tlons WI th peop [e II VI ng
Anoop Misra, Takashi Kadowaki, Kwang Wei Tham, Priya Sumithran, W Timothy Garvey, John P Kirwan, José-Manuel Ferndndez-Real,
Barbara E Corkey, Hermann Toplak, Alexander Kokkinos, Robert F Kushner, Francesco Branca, Jonathan Valabhji, Matthias Bliher, ; h ; h d b ; - Q S~
Stefan R Bornstein, Harvey J Grill, Eric Ravussin, Edward Gregg, Noor B Al Busaidi, Nasreen F Alfaris, Ebaa Al Ozairi, Lena M S Carlsson, WI t O Verwelg t an O eSIty use non St’g ma t’s’ng

Karine Clément, Jean-Pierre Després, John B Dixon, Gauden Galea, Lee M Kaplan, Blandine Laferrére, Martine Laville, Soo Lim, .
JesUs R Luna Fuentes, Vicki M Mooney, Joseph Nadglowski Jr, Agbo Urudinachi, Magdalena Olszanecka-Glinianowicz, An Pan, languag e an d lm ages
eo e

Francois Pattou, Philip R Schauer, Matthias H Tschop, Maria T van der Merwe, Roberto Vettor, Geltrude Mingrone

“The Commission defines obesity as a condition characterised by Use BMI as a practical measure of overweight and
excess adiposity, with or without abnormal distribution or obesity ... Interpret it with caution because itis not a
function of adipose tissue ... We define clinical obesity as a direct measure of central adiposity ...

chronic, systemic illness characterised by alterations in the

function of tissues, organs, the entire individual, or a Classify the degree of central adiposity based on
combination thereof, due to excess adiposity ... We define waist-to-height ratio ...

preclinical obesity as a state of excess adiposity with preserved

function of other tissues and organs...”
“Weight-based bias and stigma are major obstacles in efforts to || bmimedicine New insights into understanding obesity: from measures
effectively prevent and treat obesity; health-care professionals to mechanisms -

and policy makers should receive proper training to address this Naveed Satat D Pouars au Cot 6

important issue of obesity.”



Why and how is body mass index (BMI) associated with increased
morbidity and mortality?
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High-throughput metabolomics - a molecular read out of adiposity
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Contrasting sources of BMI variation
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Contrasting sources of BMI variation
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The Diabetes Remission Clinical Trial (DIRECT)

Diabetes Remission Clinical Trial

Research

Pl‘i mal'y Ca I'e- IECI WEig ht management fOI’ I'em iSSion Of type 2 Michael Lean, Naomi Brosnahan, Philip McLoone, Louise McCombie, Anna Bell Higgs, Hazel Ross,
. . . . Mhairi Mackenzie, Eleanor Grieve, Nick Finer, John Reckless, David Haslam, Billy Sloan and David Morrison
diabetes (DIiRECT): an open-label, cluster-randomised trial

Michael EJ Lean*, Wilma S Leslie, Alison C Barnes, Naomi Brosnahan, George Thom, Louise McCombie, Carl Peters, Sviatlana Zhyzhneuskaya, FeaSi b|l|ty and indicative results from a 1 2-m0nth

Ahmad Al-Mrabeh, Kieren G Hollingsworth, Angela M Rodrigues, Lucia Rehackova, Ashley ] Adamson, Falko F Sniehotta, John C Mathers, lOW'energy '.| qu |d d Iet treatment and m ainten ance
Hazel M Ross, Yvonne Mcllvenna, Renae Stefanetti, Michael Trenell, Paul Welsh, Sharon Kean, lan Ford, Alex McConnachie, Naveed Sattar, Roy Taylor* .
programme for severe obesity

49 primary care practices in Scotland and Tyneside

Randomized to deliver either Counterweight Plus (intervention) or standard care
(control)

298 patients with type 2 diabetes (149 per arm)

Intervention:

1. Total diet replacement phase — 12 weeks (up to 20 weeks)
2. Structured food re-introduction phase — 2-8 weeks
3. Long-term weight loss maintenance (monthly visits) — until 2 years
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BASELINE SAMPLING — metabolomics (NMR & MS) diﬁ%resnfe el
1. Total diet replacement phase — 12 weeks (up to 20 weeks) e
2. Structured food re-introduction phase — 2-8 weeks
3. Long-term weight loss maintenance (monthly visits) — until 2 years

12-MONTH SAMPLING — metabolomics (NMR & MS)
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1 https://doi.org/10.1093/bioinformatics/btac059

A pre-analytical pipeline: metabopre
- Original Paper OXFORD

Systems biology
metaboprep: an R package for preanalysis data

Meta bOIO n'A description and processing

David A. Hughes%*, Kurt Taylor'2, Nancy McBride'?3, Matthew A. Lee'?,

Nightingale * 574 samples from 306 individuals
e 227 NMR-derived molecules
e 1276 MS-derived metabolites




A pre-analytical pipeline: metaboprep
Metabolon™
“» Single pipeline
ﬂ% % Flexible
Niahtinaale *+ Reproducible
I »» Citable

rhetaboprep

ode () Issues 7 11 Pull requests ) Discussions (®) Actions [ Projects 00 wiki ) Security |~ Insights 51 Settings

laboratory pre-
data processing
generation and data filter

study design
and collection

statistical
analyses

https://github.com/MRCIEU/metaboprep Hughes, et al. (2022), Bioinformatics



The metabolomic signature of the intervention

Linear regression used to estimate the
effect of the intervention on each
metabolite in turn

Logistic regression used to look for

differential missingness in metabolites
reported in only a fraction of samples,
e.g., drugs

Control arm provides reference
NMR: 59 (26%) associated
MS: 127 (12%) associated

19 MS metabolites enriched/depleted
in the trial arm (e.g., metformin, dietary
biomarkers)

Evidence not only of weight change but
of sustained changes to diet and lifestyle
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Corbin et al. 2023, Diabetologia




Metabolite ‘families

'based on hierarchical clustering

biocchemical super.pathway E| sub.pathway -
erythronate® Carbohydrate Aminosugar Metabolism

ribitol Carbohydrate Pentose Metabolism

orotidine MNuclectide Pyrimidine Metabolism, Orotate containing
erythritol X¥enobiotics Food Component/Plant

2-isopropylmalate Xenobiotics Food Component/Plant

MN-acetylglutamate Amino Acid Glutamate Metabolism

arabitol/xylitol Carbohydrate Pentose Metabolism

Corbin et al. 2023, Diabetologia




biocchemical super.pathway sub.pathway

erythronate® Carbohydrate Aminosugar Metabolism

ribitol Carbohydrate Pentose Metabolism

orotidine Mucleotide Pyrimidine Metabolism, Orotate containing “

erythritol Xenobiotics Food Component/Plant \ \ ,' \ \
2-isopropylmalate Xenobiotics Food Com ponent/Plant i n YL B
MN-acetylglutamate Amino Acid Glutamate Metabolism

arabitolHoplitol Carbohydrate Pentose Metabolis

Adjustment for ‘weight change’ —

most but not all effects related to
weight loss

Omega-3 fatty acids

Total cholesterol in IDL

Total cholesterol in large LDL

Total cholesterol in LDL

Phospholipids in IDL

Cholesterol esters to total lipids ratio in large LDL
Cholesterol esters in small LDL

Sphingomyelin (d17:1/14:0, d16:1/15:0)*

Corbin et al. 2023, Diabetologia



Metabolite ‘families’ based on hierarchical clustering

Comparison to
metabolic changes

biocchemical super.pathway * | sub.pathway
erythronate® Carbohydrate Aminosugar Metabolism
ribitol Carbohydrate Pentose Metabolism
orotidine MNuclectide Pyrimidine Metabolism, Orotate containing
erythritol Xenobiotics Food Component/Plant
2-isopropylmalate Xenobiotics Food Component/Plant
MN-acetylglutamate Amino Acid Glutamate Metabolism
arabitolfHoplitol Carbohydrate Pentose Metabolism

. ‘ . ’ |
Adjustment for ‘weight change’ — o),

glucose
most but not all effects related to
weight loss
0.5

Omega-3 fatty acids

Total cholesterol in IDL

Total cholesterol in large LDL

Total cholesterol in LDL

Phospholipids in IDL

Cholesterol esters to total lipids ratio in large LDL
Cholesterol esters in small LDL

Sphingomyelin (d17:1/14:0, d16:1/15:0)*
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Weight loss does not guarantee
regain of glycaemic control
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The By-Band-Sleeve Trial
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STUDY PROTOCOL Open Access

The By'Band study: gastric bypass f)r adju§table sleeve gastrectomy for severe obesity (By-Band-Sleeve):
gastric band surgery to treat morbid obesity: a multicentre, open label, three-group, randomised
study protocol for a multi-centre randomised controlled trial

controlled trial with an internal pilot phase Thesy-Band-Sesse Colbaate Gro

Roux-en-Y gastric bypass, adjustable gastric banding, or

« A multi-centre RCT to evaluate the effectiveness of three surgical procedures
* 12 hospitals from across England (10 with samples)

« 1351 patients randomised (1:1:1) (2012 - 2019)
* Intervention:

1. Randomised to surgery

2. Surgery performed (5-6mths post-randomization)
3. Follow-up (4wks, 6mths, 12mths, 24mths, 36mths)




The By-Band-Sleeve Trial
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STUDY PROTOCOL Open Access

The By-Band study: gastric bypass or adjustable
gastric band surgery to treat morbid obesity:
study protocol for a multi-centre randomised
controlled trial with an internal pilot phase

Roux-en-Y gastric bypass, adjustable gastric banding, or
sleeve gastrectomy for severe obesity (By-Band-Sleeve):
a multicentre, open label, three-group, randomised
controlled trial

The By-Band-Sleeve Collaborative Group*

Intervention:

A multi-centre RCT to evaluate the effectiveness of three surgical procedures
12 hospitals from across England (10 with samples)
1351 patients randomised (1:1:1) (2012 - 2019)

14% to 27%

BASELINE SAMPLING — metabolomics (NMR & MS) total weight

1. Randomised to surgery

2. Surgery performed (5-6mths post-randomization)
3. Follow-up (4wks, 6mths, 12mths, 24mths, 36mths)

loss

36-MONTH SAMPLING — metabolomics (NMR & MS)
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Next steps...

Knowledge-based data.

integration - . |
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https://github.com/danjlawson/CLARITY
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Dataset for analysis

NMR data: 258 individuals (115 intervention group)
MS data: 261 individuals (117 intervention group)

Primary analysis of intervention effect
(metabolites with <40% missing data)

Linear model applied to RNT data to
estimate the effect of group
(intervention/ control) on metabolite
level at T,

Y

Calculate variance
in metabolite level at
T, explained by
model components

\ 4 \ 4
List of associated List of associated
metabolites metabolites
extracted based extracted based

on unadjusted on Holm-

p<0.05 corrected p<0.05

Exploratory analysis of associated
metabolites

Primary analysis of intervention effect
(metabolites with >=40% missing data)

Linear model applied to RNT data
without group fitted and residuals
extracted

l

Logistic regression applied to PA data
to estimate enrichment/depletion of
metabolites at T, by group
(intervention/control)

Hierarchical clustering performed on
residuals and metabolite clusters
defined based on a tree cut height of
0.8

l

List of associated metabolites extracted
based on p<0.05

l

.

Comparison of intervention effect to
metabolic footprint of incident type 2
diabetes

\

List of associated metabolites reduced
such that only one metabolite per
cluster remains

Sample PCA performed based on the
subset of representative associated
metabolites

Enrichment analysis performed on
associated subset based on super-
pathway designations

'

Spearman’s correlation analysis
performed between principal
components and quantitative clinical
phenotypes




Roux-en-Y gastric Gastric band Sleeve gastrectomy
bypass
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