
Bariatric-metabolic surgery versus lifestyle 

intervention plus best medical care in non-alcoholic 

steatohepatitis (BRAVES): a multicenter, open-label, 

randomized-controlled trial

Department of Surgery -  Sapienza University of Rome, Italy 

L. Castagneto-Gissey



CONFLICT OF INTEREST DISCLOSURE

No potential conflict of interest to report



BACKGROUND



❑ Weight loss is recommended in subjects with NAFLD/NASH, but 

there are currently no specific surgical or pharmacologic 

interventions for these conditions. 

❑ No drugs have yet received approval by the FDA or by the 

EMA as a treatment for NASH. 

BACKGROUND

❑ Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic 

liver disease globally, affecting 55% of people with type 2 diabetes and 75% of 

those with obesity.

❑ By 2030, NASH will affect 27 million people in the USA alone.



In observational studies, bariatric-metabolic surgery appeared to induce dramatic

improvement of both NASH and fibrosis. Lassailly et al.1 reported resolution of NASH in 84%

of liver samples from 180 people with severe obesity at 5-year follow-up, with improved

liver fibrosis in 70.2% of participants1. Similar findings were reported also in another smaller

observational study of 66 subjects2.

1. Lassailly et al. Gastroenterology. 2020; 159:1290-1301.e5

2. Pais et al. Hepatology. 2022; 76:456-468

BACKGROUND



AIM

Open-label, multicentre, randomized trial specifically 

designed to investigate and compare the efficacy and 

safety of bariatric-metabolic surgery with lifestyle 

intervention plus best medical care as a treatment of 

histologically confirmed NASH. 



Primary endpoint: Histological resolution of NASH without worsening of fibrosis; 

(the latter is defined as an increase of one stage or more on the NASH-CRN fibrosis score, 

at 1 year follow-up) 

Secondary endpoints: 
o Improvement of fibrosis of at least one stage severity without worsening of NASH, 

o NAS improvement of at least 1 grade, 

o Worsening of fibrosis, 

o Diabetes control, 

o Insulin sensitivity,

o Lipid profile,

o Safety 

Post-hoc analysis
A post-hoc analysis was conducted to assess the primary endpoint as well as the main secondary 

endpoint of the study (improvement in liver fibrosis by ≥1 stage of the NASH-CRN fibrosis score without 

worsening of NASH) in participants with NAS=4 or NAS≥5 in the ITT analysis and NAS≥4 and F2-F3 in the 

PP analysis. Moreover, we computed the % of participants who had ≥2 point improvement in fibrosis 

stage in the three groups.

OUTCOMES



BRAVES trial Participating Centers:

1. Department of Medical and Surgical Sciences, Fondazione Policlinico Universitario A. Gemelli

IRCCS,Università Cattolica del Sacro Cuore, Rome, Italy.

2. Department of Surgical Sciences, Sapienza University of Rome, Rome, Italy.

3. Department of Endocrine and Bariatric-metabolic surgery, San Camillo Hospital, Rome, Italy.



Sample size calculation

The sample size calculation was based on a large sample test for proportions using 

the approach of a Pairwise Comparison. In the present study three comparisons 

were planned:

1. RYGB vs. LM 

2. SG vs. LM
3. RYGB vs. SG 

The power was set to 80% and all the tests were two-tailed. 

Sample size of 77 participants per group was calculated (with the maximum sample 

size derived from the third comparison). Considering an attrition rate of 20%, we 
enrolled 96 participants in each group for a total of 288 subjects overall. 

METHODS



Eligibility Criteria, Diagnosis of NASH and Staging of Fibrosis

➢ We screened subjects with obesity (age 25-70 years; BMI=30-55kg/m2), with or 

without T2D

➢ To determine the likelihood of NASH and liver fibrosis using the NAFLD fibrosis score 

(NFS).

➢ Cut off: > −1.455 excellent negative predictive value giving high probability of 

fibrosis and NASH

➢ Ultrasound guided percutaneous liver biopsy (baseline + 1 year f-u): NAFLD activity 
score (NAS) algorithm proposed by the NASH Clinical Research Network

➢ The patients enrolled in this study had at least 1 grade of hepatocyte ballooning

and of inflammation and at least 1 grade of steatosis and fibrosis F1 to F3

METHODS



Exclusion Criteria

• Coronary event or procedure (myocardial infarction, unstable angina, coronary artery bypass, 

surgery or coronary angioplasty) in the previous 6 months; 

• Liver cirrhosis; 

• End stage renal failure; 

• Any other life-threatening non-cardiac disease; 

• Pregnancy; 

• Inability to give informed consent; 

• Substantial alcohol consumption (>20g/day for women or >30g/day for men); 

• Wilson’s disease; 

• Lipodystrophy; 

• Parenteral nutrition; 

• Abetalipoproteinemia;  

• Interfering medications (e.g., amiodarone, methotrexate, tamoxifen, corticosteroids); 

• Participation in any other concurrent therapeutic clinical trial. 

• Specific exclusion criteria for subjects with T2D: HbA1c≥10.0%; recurrent major hypoglycaemia or 

hypoglycaemic unawareness as judged by the principal investigators (PIs).

METHODS



Roux en Y gastric bypass Sleeve gastrectomy Lifestyle int. + medical care

• 103 (24%) were not eligible 

because of the absence of NASH 

• 40 (9%) declined to participate

• 288 (67%) participants were 

deemed eligible for the study 

Between April 15, 2019, and June 21, 2021, 431 subjects were screened 

236 participants 

(82%) completed 

the trial 



LM RYGB SG
P

Overall

P

RYGB-LM

P

SG-LM

P

SG-RYGB

Age (years) 47.95±10.39 46.44±8.50 46.84±8.81 0.574 0.568 0.731 0.962

Weight (kg) baseline 116.07±22.9 127.69±19.54 118.84±18.68 0.001 0.001 0.67 0.02

1 year 109.82±24.15 87.02±15.66 89.77±16.45

%change -5.48±7.57 -31.80±7.50 -23.98±11.58 <0.001 <0.001 <0.001 <0.001

BMI (kg/m2) baseline 41.16±6.4 43.39±4.14 40.76±3.74 0.002 0.013 0.869 0.003

1 year 39.07±7.55 29.70±4.26 30.82±4.08

%change -5.38±7.61 -31.50±7.92 -23.91±11.53 <0.001 <0.001 <0.001 <0.001

NAS score
baseline 4.21±1 4.21±1.00 4.18±1.11 0.973 1 0.975 0.982

1 year 3.45±1.31 1.82±0.82 1.99±1.12

%change -17.08±28.59 -56.20±19.57 -52.83±25.46 <0.001 <0.001 <0.001 0.674

Fibrosis number (%)   F0

baseline 0 (0%) 1 (1.3%) 1 (1.3%) 0.596 0.98 0.995 1

1 year 2 (2.5%) 7 (9.1%) 9 (11.4%) 0.090 0.152 0.058 0.834

F1 baseline 34 (42.5%) 38 (49.3%) 41 (51.9%) 0.471 0.483 0.304 0.874

1 year 41 (51.2%) 58 (75.3%) 54 (68.3%) 0.005 0.003 0.0442 0.430

F2 baseline 31 (38.7%) 33 (42.8%) 28 (35.4%) 0.639 0.718 0.789 0.433

1 year 26 (32.5%) 11 (14.3%) 12 (154.2%) 0.006 0.012 0.018 1

F3 baseline 15 (18.8%) 5 (6.5%) 9 (11.4%) 0.062 0.039 0.2827 0.429

1 year 11 (13.8%) 1 (1.3%) 3 (3.8%) 0.003 0.008 0.053 0.631

AST (U/l) baseline 35.29±21.41 36.89±24.20 29.27±14.05 0.062 0.894 0.21 0.062

1 year 32.80±17.65 22.82±8.69 20.67±8.58

%change 7.75±67.83 -22.04±39.73 -23.60±21.14 <0.001 0.001 <0.001 0.976

ALT (U/l) baseline 38.34±18.6 48.09±37.21 41.78±27.58 0.128 0.115 0.762 0.387

1 year 33.65±16.1 22.86±11.30 22.63±16.44

%change -0.22±61.79 -37.41±37.52 -38.70±29.06 <0.001 <0.001 <0.001 0.983

RESULTS



RESULTS Intention to treat Population



RESULTS Per protocol Population



RESULTS

Response for primary histological endpoint at 1-year follow-up and subgroup analysis stratified by sex, diabetes, and NASH grade in the ITT population 



RESULTS

Response for primary and secondary histological endpoints at 1-year follow-up for the per protocol population in the whole sample and in the sample with NAFLD activity score ≥4 and fibrosis stages F2 or F3 

(A) Response for primary and secondary histological endpoints at 1-year follow-up in the per protocol population. (B) Response for primary and secondary histological endpoints at 1-year follow-up in the 

subgroup of patients with severe NASH (NAFLD activity score ≥4 and stages 2, F2, or 3, F3, fibrosis) in the per protocol popu lation. 



LM RYGB SG
P

RYGB-LM

P

SG-LM

P

SG-RYGB

HbA1C (%)
baseline 6.42±1.87 6.93±2.23 6.00±1.21 0.227 0.376 0.006

1 year 5.87±1.87 5.95±1.74 5.55±0.60

%change -1.49±57.16 -10.66±25.18 -3.46±28.29 0.158 0.735 0.496

Glucose (mmol/l) baseline 6.72±2.41 6.90±3.57 5.72±1.36 0.914 0.051 0.016

1 year 5.75±2.28 4.39±0.57 4.56±0.86

%change -10.22±26.11 -27.19±20.62 -18.11±16.09 <0.001 0.068 0.025

Insulin (U/l) baseline 21.76±7.59 28.96±11.24 31.75±19.58 0.026 0.002 0.541

1 year 17.77±8.33 8.01±4.02 14.99±16.85

%change -11.69±47.57 -52.19±131.60 -49.48±43.72 0.061 0.103 0.986

Homa-IR baseline 6.64±3.14 9.40±6.56 8.63±7.33 0.065 0.258 0.791

1 year 4.63±2.73 1.57±0.90 3.54±5.29

%change -19.97±49.47 -62.01±119.84 -57.06±40.35 0.032 0.08 0.947

HDL-cholesterol baseline 44.27±14.57 43.80±13.95 42.27±9.69 0.976 0.63 0.74

(mg/dl) 1 year 46.1±13.65 53.00±11.55 49.38±12.68

%change 7.25±25.55 29.92±43.55 18.53±24.10 <0.001 0.11 0.081

LDL-cholesterol baseline 114.93±29.61 124.75±47.58 120.08±38.70 0.351 0.738 0.755

(mg/dl) 1 year 102.85±35.29 85.56±30.84 109.67±32.71

%change -7.34±30.69 -24.60±34.75 -5.87±21.01 0.003 0.955 <0.001

Total cholesterol baseline 190.38±37.47 199.44±46.76 193.58±43.81 0.435 0.897 0.68

(mg/dl) 1 year 174.83±41.88 158.49±34.91 182.19±37.62

%change -6.58±21.68 -18.08±21.65 -4.59±13.86 0.002 0.811 <0.001

Triglycerides baseline 152.31±83.04 160.03±69.40 156.18±72.09 0.816 0.949 0.945

(mg/dl) 1 year 131.14±73.67 98.51±43.43 115.72±53.18

%change -7.26±40.04 -33.05±28.82 -18.99±45.29 <0.001 0.17 0.067



Baseline 1-year follow-up

LM

(n=34)

RYGB

(n=25)

SG

(n=17)

LM

(n=32)

RYGB

(n=8)

SG

(n=6)

Metformin 34 25 17 32 8 6

Pioglitazone 34 0 0 32 0 0

Empagliflozin 12 15 10 12 6 4

Dapagliflozin 7 8 7 8 2 2

Liraglutide 34 0 0 32 0 0

Long-acting 

insulin

18 20 9 5 0 0

RESULTS
Type 2 diabetes (baseline):

• 35 (37%) people in the lifestyle modification group, 

• 32 (33%) in the Roux-en-Y gastric bypass group, 

• 25 (26%) in the sleeve gastrectomy

Diabetes remission (defined as HbA1c<6·5% without ongoing diabetes medications) occurred in: 

➢ 2 (6%) of 34 participants in the lifestyle modification group, 

➢ 17 (68%) of 25 in the Roux-en-Y gastric bypass group,

➢ 11 (65%) of 17 in the sleeve gastrectomy group (p<0·0001).



Responders (patients who achieved the primary endpoint) 

• lost more weight,

• higher rates of diabetes remission (83.3% vs. 28.6%,P<0.0001), 

• greater improvement of glycaemic control, insulin resistance 

and transaminase levels compared to non-responders 

➢ Responders

RESULTS



RESULTS

The percentage of participants with NASH resolution without fibrosis worsening 

increased almost linearly with the degree of weight loss up to 20% weight reduction, 

then the increase was non-linear indicating a relatively smaller influence of weight 

loss on NASH resolution rate above a 20% weight-reduction threshold.



Overview of Adverse Events That Occurred during the Treatment Period RYGB

(n= 77)

SG

(n=79)

LM

(n=80)

Early surgical AEs

Intestinal Obstruction (functional stenosis of the entero-enteric 

anastomosis) and peritoneal abscess

1 0 0

Intussusception 2 0 0

Incisional hernia 0 1 0

Internal hernia 1 0 0

Staple line leak 0 2 0

Gastric stenosis (endoscopic balloon dilation) 0 2 0

Hemoperitoneum 0 1 0

Late medical AEs 0 0 0

Dumping syndrome 4 1 0

Constipation 4 6 3

Diarrhea 2 1 2

Gastroesophageal reflux disease 2 32 4

Kidney stones (need for nephrostomy) 1 0 1

Vomiting 2 8 3

Anaemia 2 0 0

Fatigue 2 2 3

Biliary sludge 5 4 2

Nausea 0 4 4

Epigastric pain 4 1 2

SARS Covid 19 Infection 5 3 6

Alcoholism arising 10-12 months after intervention     1 0 0

Liver biopsy related  AEs 0 0 0

Pain (right side and/or shoulder) 9 10 10

Intra-parenchimal bleeding 0 1 1

Extracapsular hematoma 1 0 0

Pain associated with fever 0 0 1

SAFETYRESULTS



CONCLUSIONS

• Bariatric-metabolic surgery is more effective than lifestyle interventions and best 

medical care in the treatment of NASH. 

• The ability of surgery to control and even improve fibrosis associated with NASH 

is of particular clinical relevance given the fact that fibrosis is the main predictor 

of liver complications and cardiovascular mortality and morbidity in NASH.

• NASH should be considered as an important factor in decision making around 

prioritization of surgery in people with obesity and type-2 diabetes. Currently, 

there are no mechanisms for prioritization of bariatric-metabolic surgery in most 

healthcare systems and access to surgery is often based on a first-come-first-

served basis.



Thank you for your kind attention
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BACKGROUND



T2D was, in fact, present in 35.6% of people in LM, 33.3% in RYGB 

and 26.0% in SG groups (P=0.280)

A total of 139 participants (48%) had stage F1 fibrosis, 114 (40%) 

had stage F2, and 32 (11%) had stage F3, while 3 participants (1%) 

had stage F0 fibrosis; the mean NAS grade was 4.19±1.03.



METHODS

Diet

Resting calorie requirements were calculated via the Harris-Benedict equation and an activity 

factor, and subjects were instructed not to change their activity level other than that suggested by 

physicians during the study. The diet contained 1/3 kcal less than the calculated energy expenditure 

and 30% fat of which 10% saturated, 55% low glycaemic index carbohydrates and 15% proteins. 

Compliance with the diet was estimated by assessing 3-day food diaries recorded every week for 

the first 6 months and then every month until 1 year.  

Physical Activity

Participants were encouraged to gradually increase their walking to achieve 10,000 steps per day. A 

moderate intensity physical activity program of 1 hour of aerobic exercise 2-3 hours per week. 



Means and standard deviations of quantitative variables at baseline for 

the intention-to-treat (ITT) population. 

LM

(n=96)

RYGB

(n=96) 

SG

(n=96)

Surgical 

Interventions

(n=192)

Age (years) 47.81±10.24 47.23±8.30 47.21±8.97 47.22±8.62

Weight (kg) 118.49±22.25 125.76±20.07 119.21±19.17 122.49±19.85

BMI (kg/m2) 41.87±6.30 42.86±4.62 41.38±4.32 42.12±4.52

NAS score 4.17±0.97 4.14±0.97 4.16±1.07 4.15±1.02

HbA1C (%) 6.32±1.83 6.84±2.36 5.93±1.37 6.40±1.99

Glucose (mg/dl) 6.37±2.26 6.66±3.24 5.81±1.36 6.22±2.48

Insulin (U/l) 24.92±14.31 26.79±12.22 29.04±19.17 27.87±15.93

HOMA-IR 6.91±3.99 8.41±6.29 7.89±6.81 8.16±6.53

HDL-cholesterol(mg/dl) 43.40±13.28 45.56±16.07 44.31±15.56 44.92±15.78

LDL-cholesterol (mg/dl) 114.33±31.24 122.55±46.15 120.43±38.80 121.46±42.43

Total cholesterol (mg/dl) 189.09±37.69 199.02±43.95 196.93±44.66 197.95±44.21

Triglycerides (mg/dl) 159.99±80.52 161.11±73.28 156.72±73.61 158.89±73.28

AST (U/l) 33.48±19.93 35.04±23.03 28.52±13.32 31.84±19.12

ALT (U/l) 37.95±19.79 45.99±36.44 40.20±25.79 43.14±31.70

Baseline characteristics (intention-to-treat population)



56.3%

16.2%

15%

12.2%

RESULTS

Weight loss in LM group



Subjects undergoing RYGB attained greater improvements in plasma levels 

of triglycerides, total-cholesterol, LDL-cholesterol and HDL-cholesterol 

compared to both LM and SG (P<0.05 for all comparisons). Similarly, people 

who underwent RYGB experienced greater reductions in fasting plasma 

glucose (from 6.9±3.57 to 4.39±0.57mmol/l; -27.19±20.62%), compared to LM 

(from 6.72±2.41 to 5.75±2.28 mmol/l; -10.22±26.11%,P<0.001) and SG (from 

5.72±1.36 to 4.56±0.86 mmol/l; -18.11±16.09%,P=0.025). There was a greater 

improvement of insulin resistance among RYGB compared to the other 

interventions (HOMA-IR:-19.97 ±49.47%, -62.01±119.84% and -57.06±40.35% in 

LM, RYGB and SG, respectively, P=0.029).



➢ Stratifying by gender, women had a higher probability to 

achieve the primary endpoint after bariatric-metabolic surgery 

as compared with men (2.93;95%CI:1.57-5.45, and 2.66; 

95%CI:1.42-5.00, times higher after RYGB or SG than after LM in 

men and 3.15;95%CI:1.44-6.90, and 3.64;95%CI:1.68-7.89, in 

women, respectively).  

➢ The probability of achieving the primary endpoint increased for 

individuals without diabetes with RRs equal to 3.49 (95%CI:1.86-

6.52) and 3.88 (95%CI:2.09-7.19) for RYGB and SG, respectively. 

RESULTS



RYGB



RESULTS
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