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Metabolic surgery 

causes type 2 

DM remission 

in most cases
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Rubino F…..Cummings DE

Diabetes Care 39:861

Favors

Surgery

Favors

Meds-Lifestyle

Odds of Diabetes Remission or Glycemic Control in All 

13 RCTs of Surgery vs. Meds/Lifestyle Care for T2DM



ADA-EASD Consensus Algorithm for T2DM Treatment Before 2017

Nathan DM, et al. Diabetes Care 32:193

Metabolic surgery not 

mentioned for anyone!



Strategy Goals from NIH 

Metabolic Surgery Workshop

• Observational matched-cohort studies 

from large databases

• Pooled RCTs of surgical vs non-surgical 

diabetes Rx with long-term F/U

• CVOT of surgery vs medicines-lifestyle 

(the “Mega-Study”)
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Is Metabolic Surgery or Medical/Lifestyle Management

of Type 2 Diabetes Optimal for Long-Term Health?  

Long-term outcomes of the ARMMS-T2D randomized trial

after 7-15 years of follow-up
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4 Parent Trials:  Among the First RCTs of 

Surgery vs Medical-Lifestyle Therapy for T2D



Largest, longest-term study yet 

of patients randomized to 

surgical vs medical-lifestyle 

treatment for T2DM

~40% with baseline BMI <35

ARMMS-T2D Trial



Randomized Interventions

Medical-Lifestyle Interventions

vs.

Metabolic-Bariatric Surgery

Gastric 
Bypass

Adjustable 
Gastric Band

Sleeve 
Gastrectomy



HbA1c Over Time

Courculas AP, 

Cummings DE, 

et al

JAMA 33:654

8.2 %

7.2 %

8.0 %

7.3 %

P<.001 for overall comparison, 7-year, & 12-year Intention to Treat (ITT) Analysis

25% Crossover

Meds/Lifestyle 

→ Surgery

During ARMMS



N = 262

Metabolic Surgery

Medical-Lifestyle

Cummings DE et al

(under review)
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Diabetes Remission Over 14 Years in ARMMS Study

Courculas AP, Cummings DE, et al

JAMA 33:654 (2024)

P<0.001



Predictors of Diabetes Remission

• Diabetes duration

• Insulin use

• # of DM meds used

• Weight loss amount

• Body weight

• Fasting C-peptide

• Fasting insulin

• Intervention:  

• RYGB > SG > AGB > Meds/lifestyle Cummings DE et al

(under review)

Candidate-based,

univariate analysis
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• Intervention:  
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Agnostic, shotgun 

multivariate analysis

(Adaptive LASSO)



Diabetes Remission by Operation Type

Cummings DE et al

(under review)



Diabetes Remission by Disease Duration

Cummings DE et al

(under review)



% in Diabetes Remission Over Time

Cummings DE et al

(under review)



P<0.001 for the overall comparison, 7-year, & 12-year 

27%

54%

29%

55%

Despite loss of remission over time, glycemic control 

(HbA1c <7%) was superior and sustained with surgery

Courculas, Cummings, et al

JAMA 33:654 (2024)



Diabetes Medication Use was Far Less in the Surgical Group

Courculas AP, Cummings DE, et al

JAMA 33:654 (2024)
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Greater Long-term Weight Loss with Surgery
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Intention to Treat (ITT) Analysis     P<0.001 for the overall comparison, 7-year, & 12-year Courculas, Cummings, et al

JAMA 33:654 (2024)

% Total

Weight Loss



-8.3%

-22.7%

-14.0%

-19.7%-19.9%

RYGB: Roux-en-Y Gastric Bypass

SG:  Sleeve Gastrectomy

AGB: Adjustable Gastric Banding

-25

-20

-15

-10

-5

0

RYGB -23.2 %

SG -19.1 %

AGB -11.4 %

Courculas, Cummings, et al

JAMA 33:654 (2024)

Weight Loss at 12 Years by Operation



HbA1c % Weight Loss

All Comparisons Were Similar for

Whole Group & Patients with BMI <35  

(37%, Range 27-45)

P=0.07 at year 7    P=0.03 at year 12 P<0.001 at years 7 & 12



Serious Adverse Events

Parts of the figure were drawn by using Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0 Unported License

P=0.048

P=0.01

P=0.03



Gastrointestinal Adverse Events

Adverse Events 

Surgical  
(N=166) 

Medical/Lifestyle 
(N=96) p-value 

n % n % 

Gastrointestinal 

  Nausea/vomiting 43 25.9% 15 15.6% 0.054 

  Abdominal pain2 37 22.3% 10 10.4% 0.02 

  Gastroesophageal reflux disease3 29 17.5% 10 10.4% 0.12 

  Diarrhea 20 12.0% 7 7.3% 0.22 

  Constipation 17 10.2% 10 10.4% 0.96 

  Dysphagia4 12 7.2% 0 0.0% 0.005 

  Hiatal hernia 8 4.8% 2 2.1% 0.33 

  Dumping syndrome5 8 4.8% 0 0.0% 0.03 

  Colon polyps 7 4.2% 6 6.3% 0.46 

  Gastrointestinal stricture 4 2.4% 0 0.0% 0.30 

  Hematochezia  3 1.8% 1 1.0% 1.00 

  Colitis 3 1.8% 0 0.0% 0.30 

  Gastric prolapse6 2 1.2% 0 0.0% 0.53 

  Gastroparesis 0 0.0% 4 4.2% 0.02 

 



Conclusions:  ARMMS-T2D

o Metabolic surgery improves diabetes-related outcomes more than 
medical/lifestyle treatment for up to 15 years.

o        HbA1c reduction    

o        Diabetes remission    

o        Glycemic control

o        DM medication use

o        Weight loss

o        Blood pressure

o        Improved Lipids (HDL & TG)

o Metabolic surgery has increased risks of:

o        Anemia

o        Fractures

o        Gastrointestinal symptoms



Impact of Social Vulnerability 

on Efficacy of Metabolic 

Surgery vs Medical-Lifestyle 

Interventions for Type T2DM

Patti ME, Cummings DE, et al.

(under review)



Change 

In A1c (%)

Time (years)

High ADI

Low ADI

Diabetes Improvement is Compromised in Socioeconomically Vulnerable Patients

With Medical-Lifestyle or Surgical Interventions 

Patti ME, et al.

(under review)



Impact of Socioeconomic Status on Diabetes Control 

is Much Greater for Medical than Surgical Therapy 

Time (years)

Change 

in A1C

(%)

High ADI

Low ADI

High ADI
Low ADI

MED

SURG

Patti ME, et al.

(under review)



Health-Related Quality of Life 

After Metabolic Surgery vs 

Medical-Lifestyle Intervention in 

Patients with T2DM and Obesity

Simonson DC, Cummings DE, et al.

Diabetes Care 48:1-9 (2025)



Long-Term Impact of Metabolic Surgery of Medical-Lifestyle 

Intervention on Physical or Mental Quality of Life

Simonson DC, Cummings DE, et al.

Diabetes Care 48:1-9 (2025)
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Long-Term Impact of Metabolic Surgery of Medical-Lifestyle 

Intervention on Physical or Mental Quality of Life

Simonson DC, Cummings DE, et al.

Diabetes Care 48:1-9 (2025)
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Could this help explain the 

increased suicidality observed 

after metabolic surgery?

Simonson DC, Cummings DE, et al.

Diabetes Care 48:1-9 (2025)



Suicides After Metabolic Surgery vs. Controls

More With Surgery

Castaneda D…..

Thompson CC

Obes Surg 29:322 

(2019)





ARMMS Ancillary Studies

• Predictors of diabetes remission

• Cummings et al  (under review)

• Social determinants of health

• Patti et al  (under revision, Annals Int Med)

• Quality of life

• Simonson et al  (under review)

• Liver paper: MAFLD scores

• Kashyap et al  (Diabetes Obes Metab, 2024)

• Health Ecomonics

• Schauer et al  (in preparation)



Say in This Talk

• Slide 1:  “MBS”  

 

• Slide 2:  “35yr continuous NIH funding“

    

• Parent RCTs: 4 NIH RO1’s.  ARMMS: NIH UO1 10 yr

• F/U:  all to 7 yrs, max 15

• Surg v. MLI A1c diff over time diminishes
• 25% X-over

• ↑ use of new DM meds

• Relapse predictors: duration, “insulin use”

• Remission:  less, shorter c/o prior:  worse DM

• Surg:  more off meds, fewer DM meds, fewer on insulin



All beyond here are dupes to DC without checking!



13 RCTs of Surgical vs. Medical-Lifestyle T2DM Care

2016

Bariatric/metabolic surgery is more 

effective than medical-lifestyle 

interventions for weight loss, glycemic 

control, DM remission, & improvements 

in other CVD risk factors, with acceptable 

complications, for at least up to 10 years,

  
Cummings DE, Cohen RV

Lancet DM Endo



13 RCTs of Surgical vs. Medical-Lifestyle T2DM Care

2016

Bariatric/metabolic surgery is more 

effective than medical-lifestyle 

interventions for weight loss, glycemic 

control, DM remission, & improvements 

in other CVD risk factors, with acceptable 

complications, for at least up to 10 years, 

including in patients with a BMI <35.  
Cummings DE, Cohen RV

Lancet DM Endo



ARMMS-T2D Investigators

Executive 

Committee

16 September 2015



Systolic BP

P=0.16 for comparing med/lifestyle group 
with surgical group

Least-square means and the standard errors are plotted

Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0 Unported 
License



Lipids

p=0.83 for comparing 
med/lifestyle group with surgical 
group

LDL cholesterol

p<.001 for comparing 
med/lifestyle group with surgical 
group

p<.001 for comparing 
med/lifestyle group with surgical 
group

HDL cholesterol

Triglycerides

Parts of the figure were drawn by using Servier Medical Art by Servier is licensed 
under a Creative Commons Attribution 3.0 Unported License



Nutritional Abnormalities

Surgery group had:

oLower hemoglobin

oLower iron

oHigher vitamin B12

oHigher vitamin D







Plasma GLP-1 Increases After RYGB in Humans

GLP-1 After Test Meal

GLP-1 After Test Meal

Plasma GLP-1 

(pM)

Plasma GLP-1 

(% change 

from 

Baseline)

Carlson M….. 

Cummings DE



Swedish Obese Subjects Study

Years of Follow Up

Total Body 

Weight  Loss 

(%)

Gastric Bypass

Gastroplasty

Banding

Usual

Care

Commentary:  Cummings DE et al. 

Nature Med 18:358 (2012) 

Sjöström L, et al.

JAMA 307:56 (2012) 



RYGB induces system-wide 

physiological changes
Gut Hormones

Insulin secretion

Insulin sensitivity

Insulin sensitivity

Bile Acids

Energy expenditure

Gut hormone secretion

Microbiota composition

Intestinal Glucose Metabolism

Lowering Blood Sugar Levels

Gut Microbiota

Insulin sensitivity

GI Nutrient Sensing

Insulin sensitivity

Weight-Independent Anti-Diabetes Mechanisms of Metabolic Surgery

HIF2

Changes in
Iron Metabolism

Other unknown mechanisms?

Glucose Transport

SGLT-1 & Na+
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