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Obesità: una sfida globale complessa

Epidemia globale: 
oltre 890 milioni di 

adulti obesi.

Malattia cronica, 
progressiva, 
eterogenea.

Cause: genetiche, 
ambientali, 

comportamentali.

Conseguenze: 
diabete, 

cardiopatie, MRC 
tumori, disturbi

psicologici.
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Diagnosi e gestione clinica

BMI UTILE MA IMPRECISO: SERVE 
VALUTAZIONE PERSONALIZZATA.

OBIETTIVO: MIGLIORARE LA 
SALUTE, NON SOLO PERDERE PESO.

GESTIONE: STILE DI VITA, 
FARMACOTERAPIA, CHIRURGIA.
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Trattamenti: 
innovazioni 
e terapie 
combinate

Farmaci 
innovativi: 

Semaglutide, 
Tirzepatide, 
Retatrutide.

Chirurgia 
bariatrica: 
massimi 
benefici 

metabolici.

Dispositivi 
endoscopici: 

efficacia 
intermedia.

Approccio 
combinato: 

farmacologico 
e chirurgico.
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Visione 
futura: 
approccio 
cronico e 
integrato

Necessità di trattamenti 
continuativi.

Garantire accesso equo alle 
cure.

Combinare prevenzione e cura 
individuale.

Definire target personalizzati e 
strategie integrate.
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Contesto e necessità

Obesità: condizione complessa, causa 
principale di diabete tipo 2 e comorbidità.

Limiti attuali: approccio "one size fits all" 
inefficace.

Precision medicine: necessità di 
stratificazione personalizzata.

www.thelancet.com/diabetes-endocrinology Vol 11 November 2023
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Obesity in kidney transplant (KTx) 
candidates: the problem

• Prevalence of obesity in KTx candidates: 6% - 30% 

• In our chort 8% of active waitlisted patients have BMI 30-34 Kg/m2

• Optimal management strategies are not well defined

• Thresholds for accepting people for transplantation remain a source of 
controversy

• There is disagreement about how to validly assess obesity (BMI? waist
circumference? waist:hip ratio?)



Nephrol Dial Transplant (2022) 37: i1–i15 

We suggest accepting people with ESKD and a BMI of 30–34 kg/m2 for kidney transplantation if they are otherwise
considered suitable (2C). There are insufficient data to make a recommendation in the higher BMI categories (–D)

We recommend counselling patients living with obesity about possible increased risk of perioperative
complications such as delayed graft function, wound-related morbidity, acute rejection and diabetes after
transplantation (1C)

We suggest that kidney transplantation, either from a deceased or living donor, is the optimal treatment for 
people with a BMI of 30–39 kg/m2 and ESKD who are otherwise considered suitable for kidney transplantation
(2C) 



Interventions for obesity
in KTx candidates



Diet
The optimal dietary management in obese KTx candidates is not

defined (no RCT)

Patients on dialysis

- Dietary restrictions (potassium and phosphate) limit access to diets
that are rich in vegetables and proteins

- Calories restriction favors PEW 

Patients on conservative therapy

- Some RCT in obese stage 2-4 CKD patients

- Ipocaloric /ketogenic diet



 Access to KTx was the main reason that dialysis patients

with obesity desired weight loss (90%)

 68% of respondents indicated that <10%of their patients

with obesity successfully lost weight

 This pilot survey suggests that current approaches to

obesity management in dialysis settings are variable

 Guidelines are needed to support people with dialysis-

dependence and obesity who desire or require weight

loss

Suresch et al. J Ren Nutr. 2020 November ; 30(6): 561–566 



Baker et al. BMC Nephrology (2022) 23:75 



First Author, year Study population Intervention, follow-up time Weight outcomes

Morales, 2003 RCT of 30 adults w/proteinuria >1 g/d and creatinine <2 mg/dL (47% diabetic

nephropathy, mean age 56y, BMI 33.4 kg/m2)   stage2-3 CKD

Arm 1: Hypocaloric diet; 

Arm 2: Standard diet; 

Duration: 5 months

5-month weight decreased in diet arm (87.5 to 83.9 kg) 

and increased in control arm (96.1 to 98 kg) 

Howden, 2013 RCT of 72 adults w/eGFR 25-60 (stage 3-4) and 1 uncontrolled CVD risk factor

(28% diabetes, mean age 61, BMI 33 kg/m2) 

Arm 1: lifestyle intervention (lifestyle program, supervised aerobic and 

resistance training); 

Arm 2: usual care (control); 

Duration: 12 months

12-month changes greater in lifestyle intervention arm

vs. control for weight (−1.8 vs. +0.7 kg)

Tirosh (DIRECT), 2013 RCT of 322 adults w/BMI ≥27 kg/m2, T2DM, or CAD at a workplace in Israel; 

excluded serum creatinine ≥2.0 mg/dL (14% T2DM, 31% stage 3 CKD, 8% 

albuminuria, mean age 52 y, BMI 31 kg/m2) 

Arm 1: calorie-restricted low-carb; 

Arm 2: calorie-restricted Mediterranean; 

Arm 3: calorie- restricted low-fat; 

Duration: 2 years

Overall: weight loss (primary) at 2 years highest for 

low-carb −4.7kg, Mediterranean −4.4 kg, then low-fat

arm −2.9 kg. 

Goraya, 2014 RCT of 108 non-diabetic adults ≥18 y w/ stage 3 CKD, CO2 22-24 mmol/L, ACR 

≥200 mg/g, K≤4.6 mEq/L (mean age 54 y, weight 84 kg) 

Arm 1: Fruits and vegetables to reduce acid load 50%; Arm 2: NaHCO3 

0.3 mEq/Kg/d; 

Arm 3: usual care; 

Duration: 3 years

At 3 years, weight loss greater in fruit/ vegetable arm

(−4.0 kg) than usual care arm (−1.9) and HCO3 arm (no 

change)

Ikizler, 2018 Pilot RCT at 4 US sites of 122 overweight/obese adults w/stage 3-4 CKD (25% 

diabetes, mean age 60 y, BMI 31-36 kg/m2) 

Arm 1: Caloric restriction (CR) and supervised aerobic exercise; 

Arm 2: Aerobic exercise only;

Arm 3: CR only; 

Arm 4: Control (usual care); 

Duration: 4 months

Compared to control, weight improved after 4 months in 

CR/exercise arm (−2.4 kg) and CR only arm (−1.8) but

not exercise only (0.5 kg)

Stage 2-4 CKD

Limited effect

(weight loss 2 - 4 Kg)

Modified from Am J Kidney Dis. 2021 March ; 77(3): 427–439 

RCT on diet interventions for obese CKD patients



 Rapid weight loss
 Satiety induction

 Muscle mass preservation

VLCKDs are currently recommended as an effective and feasible dietary

intervention for obesity

Ketogenic Diet for obese CKD patients

Carbohydrate restriction (< 50 gr/day) + moderate protein consumption + 

increase in fat intake

Carbohydrate resctriction induces ketosis



Dowis K et a. The Potential Health Benefits of the Ketogenic Diet: A Narrative Review. Nutrients 2021, 13, 1654.

Is ketogenic diet

safe and effective in CKD?

 Metanalysis did not report adverse renal effect of ketogenic diets in patients with normal eGFR

 Little evidence is available relative to the safety profile in patients with kidney function

impairment

 Available studies focus on ketogenic diet for obesity treatment in CKD stage 1-3



Comparison of a low-carbohydrate high-protein ketogenic diet (20 gr carbohydrates/day, not restricted calories) with a low-fat (30% fat, 10% 

saturated fat, 1500-1800 Kcal/day)and Mediterranean diet (< 35% fat, 1500-1800 Kcal/day)in 322 moderately obese subjects and that included 99 

patients with stage 3 CKD over a 2-year follow-up

A low-carbohydrate diet is as safe as Mediterranean or low-fat diets in 

preserving/improving renal function among moderately obese participants with stage 3 CKD

Amir Tirosh et al. Diabetes Care. 2013 Aug

Mean weight loss

- 2.9 kg Low-fat

-4.4 kg Mediterranean

-4.7 kg  Ketogenic

(p < 0.001)



Bruci et al. Nutrients 2020, 12, 333; 

Prospective study

3 months Very Low-Calorie (450-800 Kcal) Ketogenic diet

(20 g cabohydrates, 1-1.4 g protein/Kg, 15-30 g fat) in 38 pts with obesity and CKD stage 2 (eGFR

60-89 ml/min/1.73 m2)

Significant reduction in body weight (nearly 20%), BMI, fat mass

Improvement in metabolic parameters

In 27.7% normalization of eGFR

No difference compared to 54 obese pts with eGFR > 90 ml/min/1,73 m2

When conducted under the supervision of healthcare professionals, 

a VLCKD is an effective and safe treatment for weight loss in patients with obesity, including those affected by mild

kidney failure



RCT in 30 pts with type 2 DM, stage 2-3 CKD (median eGFR 59mL/min/1.73 m2 ) and mild obesity (BMI 30.6 kg/m2) 

A 12-week very low-carbohydrate (<20 g), moderate low-protein (44 g) diet compared with a normal-carbohydrate (90 g), low- protein (29 g) diet. Caloric and fat

intake similar between groups (740-790 Kcal/day,  and 30-35 g/day)

Significant reduction in HbA1c, fasting glucose, insulin dose and weight by <10% ,  with no worsening of renal function

Zainordin NA, et al. PLoS ONE  2021; 16(10)

Weight

- 4 kg

BMI, 

- 1.5 Kg/m2

Waist circumference

- 4 cm



Physical activity
No RCT specifically focused on the effect of exercise for weight-loss in obese KTx

candidates

According to several metanalyses, regular physical activity may have many beneficial effects in ESRD, 

improving aerobic capacity, muscolar strenght,  cardiovascular health, and health-related QoL

Patients on dialysis

- Most studies focus on exercise effect in normoweight/underweight patients

Patients on conservative therapy

- Some RCT in stage 3-4 CKD obese patients show a modest benefit of exercise on weight loss

Mei Huang, et al. Exercise Training and Outcomes in Hemodialysis Patients: Systematic Review and Meta-Analysis. Am J Nephrol 2019;50(4): 240–254.

Ekramzadeh et al. The Effect of Nutrition and Exercise on Body Composition, Exercise Capacity, and Physical Functioning in Advanced CKD Patients. Nutrients 2022,14,2129 



Barriers, facilitators and motivators affecting interest and willingness to engage in exercise training 

Clyne N, et al. Exercise training in chronic kidney disease-effects, expectations and adherence. Clin Kidney J. 2021 May 6;14(Suppl 2):ii3-ii14



Nephrol Dial Transplant (2014) 29: 857–864

N. 27

Overweight/obese BMI 30.4 ± 3.8 kg/m2,

CKD 3-4 

Centre-based aerobic exercise group (n = 10)

Home-based aerobic exercise group (n=8)

Control group (n=9)

Training three times per week for 12 weeks

Renal specific diet (energy: 25-30 Kcal/Kg/day;

protein intake: 0.6-0-8 g/Kg/day)

In the centre-based group, visceral fat and waist circumference

decreased 6.4 ± 6.4 mm (P < 0.01) and 2.0 ± 2.3 cm (p = 0.03) and 

leg lean mass increased 0.5 ± 0.4 kg (p < 0.01)

Percentage variation in visceral fat and 

waist circumference after 12 weeks



N. 180 

Obese (BMI 33±6 Kg/m2)

CKD 3-4 (eGFR 41±10 ml/min/1.73 m2)

Lifestyle intervention group:

+ 150 min/wk of individualized moderate-intensity

aerobic and resistance exercise + Mediterranean-

style diet

Significant but small reductions in weight, BMI, and 

waist circumference in the lifestyle intervention group

2022 Feb;33(2):431-441



Sheshadri A et al. BMC Nephrol. 2020, 21, 100 

N 54

ESRD (10 PD and 44 HD)

BMI 26.9 (25.3, 32.8) intervention group

BMI 31.6 (26.4-34.6) control group (p=ns)

Randomized to standard care or a 6-month program consisting of 3 months

of pedometers and weekly step count targets and 3 months of post-

intervention follow-up

At 6 months, participants in the intervention had a significantly greater

increase from baseline in total-body muscle mass of 0.7 kg/m2 (95% CI 

0.3, 1.13), decrease in fat mass (− 4.3 kg [95% CI -7.1, − 1.5]) and decrease

in BMI (− 1.0 kg/m2 [95% CI -1.8, − 0.2]

Each increase of 1000 steps from 0 to 3 months was associated with a 

0.3 kg decrease in fat mass (95% CI 0.05, 0.5; p= 0.02) from 0 to 6 

months



Chakhtoura M, et al. Pharmacotherapy of obesity: an update on the available medications and drugs under investigation. EClinicalMedicine. 2023 Mar 20;58:101882

Medications

Among FDA/EMA approved anti-obesity medications, some could
be used in obese KTx candidates:

- Orlistat (gastric and pancreatic lipase inhibitor): no dosing
adjustemens for eGFR
- Liraglutide and semaglutide (GLP-1 analogues): limited data in 
ESRD
- Tirzepatide (GIP/GLP-1 dual agonist): limited data in advanced
CKD



1. Low fat, reduced energy diet (-500 Kcal/day)

2. Individualized exercise prescription

3. Orlistat 120mg tds

50% on dialysis (18% PD and 32% HD)

All pts on dialysis were otherwise suitable for kidney

transplant but not listed because of BMI 

CKD 3-5 patients with a BMI ≥30kg/m2 or 28 plus 
comorbidities

Primary outcome : change in body weight and BMI 
at 12 months

35% from the weight-management program group vs  6% from the usual-care 
group were accepted for kidney transplant listing

Helen L MacLaughlin et al .American Journal of Kidney Diseases, Vol 55, 2010: pp 69-76 



 After 12 months, the mean weight change in WMP group was - 4.3 kg and - 1.9 kg in CON group (p

0.001)

 Participation in WMP predicted a longer event-free period for the combined event of all-cause 

mortality and cardiovascular morbidity, compared with the CON group

Primary end point :all-cause mortality, or the first occurrence of a cardiovascular event. 

Secondary end point: placement on the waiting list for KTx

MacLaughlin at al, J Ren Nutr 2015; 25: 472–479 



GLP-1 RAs can potentially be safely used in all CKD classes, although

there are limited data for severe CKD (eGFR < 15 ml/min)

GLP-1 RAs and obesity in CKD

No RCT for obesity treatment in KTx candidates!



SGLT2-is and obesity in CKD

• Caloric loss from glucosuria (300 Kcal/die)  typically

results in 1 to 3 kg weight loss, most of which is fat, and 

greater weight loss is observed in patients with higher

baseline HbA1c

• Average weight loss of 0.8-1.5 kg in CKD stages 3–4 

(RCT vs placebo)

• Sotagliflozin (dual SGLT1 and 2 inhibitor) in obese diabetic

stage 4 CKD reduce weight by 1.4 Kg vs placebo at 26 

weeks (95% CI -2.8 to -0.008; P=0.049)

Angelidi AM, et al Novel Noninvasive Approaches to the Treatment of Obesity: From Pharmacotherapy to Gene Therapy. Endocr Rev. 2022;43(3):507-557

Fioretto et al Efficacy and safety of dapagliflozin in patients with type 2 diabetes and moderate renal impairment (CKDstage 3A): The DERIVE Study. Diabetes Obes Metab. 2018;20:2532–2540.
Cherney, DZI, Ferrannini, E, Umpierrez, GE, et al. Efficacy and safety of sotagliflozin in patients with type 2 diabetes and severe renal impairment. Diabetes Obes Metab. 2021; 23(12): 2632-2642

Pereira et al. Emerging Role of SGLT‐2 Inhibitors for the Treatment of Obesity Drugs (2019) 79:219–230 

No RCT for obesity treatment in KTx candidates!



Gourdy et al. Combining glucagon-like peptide-1 receptor agonists (GLP-1RAs) and sodium-glucose cotransporter-2 inhibitors (SGLT2is) in patients with type 2 diabetes mellitus (T2DM) 

Cardiovascular Diabetology (2023) 22:79 

Weight reduction

3.8– 4.5 Kg vs placebo

in non CKD patients

Benefits of this drug combination on 

weight reduction in CKD are not well

established and warrant further attention

Combined SGLT2-is and GLP1-RAs and obesity in CKD



Tirzepatide GIP/GLP-1 dual agonist
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Bariatric surgery

Adjustable gastric banding Roux-en-Y gastric bypassLaparoscopic sleeve gastrectomy



Carvalho Silveira F, et al. The impact of CKD on perioperative risk and mortality after bariatric surgery. KIDNEY360 2: 236–244, 2021 

2436 pts
stage 4-5 CKD

0.43% 
Stage 5 

CKD

Conclusion: Increased severity of kidney disease was associated with increased complications after bariatric surgery. However, even for the population with advanced CKD, the

absolute rates of postoperative complications were low (2.5-6.4%). Bariatric surgery should be considered a safe and effective option for patients with CKD



Which bariatric surgery for KTx candidates?

• Most studies in KTx candidates are small, single centre and retrospective without a control group

• No directly comparative data for the different surgical procedures

• The two most commonly used are laparoscopic sleeve gastrectomy and (LSG) and Roux-en-Y
Gastric Bypass (RYGB)

• Although RYGB achieves greater weight loss in the general population, a few reasons exist for
preferring LSG over other types of bariatric procedures

• Compared with RYGB, LSG does not seem to impair immunosuppressive drug absorption and
does not affect oxalate absorption since it does not modify intestinal absorption

Kassam et al. Long-term outcomes in patients with obesity and renal disease after sleeve gastrectomy. Am J Transplant. 2020;20(2):422–9 

Kim, Y, et al. Laparoscopic sleeve gastrectomy improves renal transplant candidacy and posttransplant outcomes in morbidly obese patients. Am J Transplant. 2018;18 410–16

Sarno, G .The Impact and Effectiveness of Weight Loss on Kidney Transplant Outcomes:A Narrative Review. Nutrients 2023,15,2508. 



Freeman et al. American Journal of Transplantation 2015; 15: 1360–1368

Prospective evaluation of laparoscopic sleeve gastrectomy

(LSG) for 52 obese renal transplant candidates patients failing

to achieve significant weight loss with 6 months medical therapy

LSG is a safe and effective means for addressing obesity in kidney

transplant candidates in the context of a multidisciplinary approach

55.8% patients achieved goal BMI of < 35 Kg/m2 

to be eligible for Ktx

No perioperative deaths

Follow-up after LSG 
220±152 days

(range 26–733 days) 

1.53% 

before LSG

4.86% 

post LSG

%excess weight loss per month



Bariatric surgery was strongly associated

with receiving a kidney transplant

HR: 8.39 [95% CI 1.71 to 41.19]; p=0.009

Retrospective

43 Ktx candidates - 52% on dialysis

15 pts: Bariatric Surgery within 1 year of weight management consultation

(14 SG and 1 RXGB) - no major surgical complications

3% weight loss

at 1 year

19% weight loss

at 6 months

Kukla A et al. KIDNEY360 3: 1411–1416, 2022 



We recommend encouraging kidney transplant candidates living with obesity to lose weight and having their nutritional status supervised by a 
multidisciplinary weight-management team (1D) 

We suggest considering bariatric surgery in kidney transplant candidates with a BMI ≥40 kg/m2 (2C)

We suggest considering bariatric surgery in kidney transplant candidates with a BMI ≥35 kg/m2 with at least one major obesity-related
condition that can be improved by weight loss (2D) 

We suggest laparoscopic sleeve gastrectomy over other forms of bariatric surgery in kidney transplant candidates (2D)

Nephrol Dial Transplant (2022) 37: i1–i15 



Weight loss in obese KTx candidates increases access to transplantation and reduces complications

 In patients in dialysis: weight loss is extremely difficult due to restrictions on a renal diet, limited exercise tolerance and dialysis-
related fatigue

Ketogenic diet may obtain significat weight loss in KTx candidates on conservative therapy, but requires a strict medical supervison

GLP-1 RAs are effective in weight loss in obese CKD, but data in ESRD are lacking

Terzipatide is a promising anti-obesity drug, but data in advanced CKD are needed

Bariatric surgery is effective weight loss intervention in ESRD patients with morbid obesity

The added complexities of caring for the ESRD patient with obesity requires a multisciplinary team approach

Randomized controlled trials in obese KTx candidates comparing different pre-transplant interventions and evaluating possible
benefit of integrating the different approaches in order to obtain and mantain the desired weight loss the are needed

Take home messages



Under review, Paolo Molinari et al  



Study design

Under review, Paolo Molinari et al  
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Fasting and caloric restriction – mechanism of action



FMD protects from acute and chronic kidney injury 
after AA injection – maladaptive repair
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Thank you!


