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1. Research context

Redefining obesity

“The Commission defines obesity as a condition characterised by 
excess adiposity, with or without abnormal distribution or 
function of adipose tissue ... We define clinical obesity as a 
chronic, systemic illness characterised by alterations in the 
function of tissues, organs, the entire individual, or a 
combination thereof, due to excess adiposity ... We define 
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 
effectively prevent and treat obesity; health-care professionals 
and policy makers should receive proper training to address this 
important issue of obesity.”

“Ensure that all … communications with people living 
with overweight and obesity use non-stigmatising 
language and images …

Use BMI as a practical measure of overweight and 
obesity … Interpret it with caution because it is not a 
direct measure of central adiposity …

Classify the degree of central adiposity based on 
waist-to-height ratio …
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Why and how is body mass index (BMI) associated with increased 

morbidity and mortality?
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The Diabetes Remission Clinical Trial (DiRECT)

• 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

3. Dietary intervention
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BASELINE SAMPLING – metabolomics (NMR & MS)

12-MONTH SAMPLING – metabolomics (NMR & MS)

Weight loss: 

adjusted 

difference of

-8.8 kg

The Diabetes Remission Clinical Trial (DiRECT)
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A pre-analytical pipeline: metaboprep

• 574 samples from 306 individuals

• 227 NMR-derived molecules

• 1276 MS-derived metabolites
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A pre-analytical pipeline: metaboprep

laboratory 

data 

generation

pre-

processing 

and data filter

statistical 

analyses

study design 

and collection

Hughes, et al. (2022), Bioinformatics

❖ Single pipeline

❖ Flexible

❖ Reproducible

❖ Citable

https://github.com/MRCIEU/metaboprep 3. Dietary intervention



The metabolomic signature of the intervention
Amino Acid
Carbohydrate
CoFac & Vit
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NMR derived
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• 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

3. Dietary interventionCorbin et al. 2023, Diabetologia
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Metabolite ‘families’ based on hierarchical clustering
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Metabolite ‘families’ based on hierarchical clustering

Adjustment for ‘weight change’ – 

most but not all effects related to 

weight loss
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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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3. Dietary intervention

glucose

Weight loss does not guarantee 

regain of glycaemic control

Black = no remission

Grey = remission
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The By-Band-Sleeve Trial

• 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)

4. Surgical intervention



The By-Band-Sleeve Trial

• 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:

 BASELINE SAMPLING – metabolomics (NMR & MS)

1. Randomised to surgery

2. Surgery performed (5-6mths post-randomization)

3. Follow-up (4wks, 6mths, 12mths, 24mths, 36mths)

 36-MONTH SAMPLING – metabolomics (NMR & MS)

14% to 27% 

total weight 

loss 
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1−(1−enyl−palmitoyl)−2−oleoyl−GPC (P−16:0/18:1)*

1−(1−enyl−palmitoyl)−2−palmitoyl−GPC (P−16:0/16:0)*
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Non-shared effect: Vitamin A pre-cursor – raised 

after dietary intervention only

Shared effect: Amino acids & simple sugars – 

reduced after both interventions
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Knowledge-based data 

integration

Genetic & prospective epidemiology

Shared molecular

(adiposity driven)
Genotype

Confounders

(bias)

Non-shared 

molecular

(source driven)
Genotype

Heart failure

Cancer

Mental health

On/Off-target

…

Multivariate analysis of signals

https://github.com/danjlawson/CLARITY

A

B

Cross-study 

experiments

Next steps…
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Dataset for analysis

NMR data: 258 individuals (115 intervention group)

MS data: 261 individuals (117 intervention group)

Linear model applied to RNT data to 

estimate the effect of group 

(intervention/ control) on metabolite 

level at T1

Primary analysis of intervention effect 

(metabolites with <40% missing data)

Logistic regression applied to PA data 

to estimate enrichment/depletion of 

metabolites at T1 by group 

(intervention/control) 

Linear model applied to RNT data 

without group fitted and residuals 

extracted

List of associated 

metabolites 

extracted based 

on Holm-

corrected p<0.05

Hierarchical clustering performed on 

residuals and metabolite clusters 

defined based on a tree cut height of 

0.8

List of associated metabolites reduced 

such that only one metabolite per 

cluster remains

Enrichment analysis performed on 

associated subset based on super-

pathway designations

Sample PCA performed based on the 

subset of representative associated 

metabolites

Spearman’s correlation analysis 

performed between principal 

components and quantitative clinical 

phenotypes

List of associated metabolites extracted 

based on p<0.05

Primary analysis of intervention effect

(metabolites with >=40% missing data)

Calculate variance 

in metabolite level at 

T1 explained by 

model components

Exploratory analysis of associated 

metabolites

Comparison of intervention effect to 

metabolic footprint of incident type 2 

diabetes

List of associated 

metabolites 

extracted based 

on unadjusted 

p<0.05
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Roux-en-Y gastric 

bypass

Gastric band Sleeve gastrectomy
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