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Obesity is a chronic disease the requires lifelong care. The prevalence of obesity has surpassed 
diabetes and hypertension and is now the most common risk factor for chronic kidney disease (CKD) 
and its progression. Excess weight not only increases CKD risk but also heightens the risk for heart 
failure, sleep apnea, steatotic liver disease, osteoarthritis, and a myriad of other chronic conditions. 
The interplay between obesity, kidney, cardiovascular, and metabolic health has been termed the 
cardiovascular-kidney-metabolic syndrome. However, obesity is not just a driver of cardiovascular 
events because it also increases the risk of multiple types of cancers, osteoarthritis, and inhibited 
physical functioning. Among patients with kidney failure, obesity poses challenges to dialysis treat
ments, precludes access to transplantation, and contributes to frailty. Helping patients safely achieve 
and maintain weight loss could have cascading positive effects on kidney health and overall well- 
being. Medical and surgical therapies now provide clinicians with opportunities to treat obesity, but 
such treatments need to be coupled with team-based approaches. In this Core Curriculum, we 
provide a review of the diagnosis of obesity and its surrounding controversies, and we outline steps 
for obesity management in the setting of CKD.

Introduction
Obesity can be viewed as the most common 

risk factor for kidney disease. Now over 40% 

of adults and almost 20% of children in the 

United States live with obesity, and this 

obesity prevalence rate is higher than that of 

diabetes mellitus or hypertension. Obesity is 

not a syndrome or a physical trait but rather a 

chronic and relapsing disease that affects 

almost every organ including the kidneys and 

requires ongoing and consistent care.

In the past, obesity guidelines have not 

included CKD as an obesity-associated co

morbidity, but the link between obesity and 

kidney health is increasingly being recog

nized. Altered levels of adipokines, such as 

lower levels of adiponectin combined with 

higher levels of leptin, heighten the activation 

of the renal sympathetic nervous system and 

the renal angiotensin aldosterone system 

leading to increased proximal tubular sodium 

reabsorption and higher systemic blood pres

sures. If the nephron number is reduced, 

preferential vasodilation of the afferent arte

riole may occur in order to increase glomer

ular filtration rate that matches the increased 

metabolic demands with weight gain. This 

preferential afferent arteriolar vasodilation in

terferes with autoregulation; higher systemic 

blood pressures can then be readily trans

mitted to the glomerular capillary, leading to 

barotrauma and nephron loss. Circulating fatty 

acids, such as oxidatively modified low-density 

lipoprotein (LDL), binds to mesangial cells, 

leading to proliferation and activation of 

signaling pathways that increase collagen and 

extracellular matrix production, causing 

nephron scarring.

As shown in Figure 1, heightened intra

capillary pressure and transmural capillary 

mechanical stress associated with obesity, 

especially when combined with other risk 

factors such as systemic hypertension, accel

erate nephron loss and CKD progression. An 

accumulation of fatty acids in ectopic tissue, 

such as muscle, liver, and kidneys, increases 

inflammation and insulin resistance, which 

magnifies cardiovascular risk in the setting of 

CKD. This interplay between obesity, kidney, 

cardiovascular, and metabolic health has 

driven health care costs upward over the past 2 

decades and has recently been termed the 

cardiovascular-kidney-metabolic syndrome.

For the general population and for in

dividuals with CKD, obesity is not just a car

diovascular risk driver; it also increases the 

incidence of multiple types of cancers, osteo

arthritis, and inhibited physical functioning, 

and it reduces the individual’s overall quality 

of life. Among patients with kidney failure, 

obesity poses challenges to dialysis treatments, 

precludes access to transplantation, and con

tributes to frailty.

Helping patients safely achieve and main

tain weight loss could have cascading positive 

effects on kidney health and on overall patient 

physical functioning and well-being. In this 

installment of AJKD’s Core Curriculum in 

Nephrology, we provide a review of the 

diagnosis of obesity and its surrounding con

troversies, and we outline steps for obesity 

management. We also discuss obesity as a 
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major barrier for kidney transplantation wait-listing and 

how this issue should be addressed.

Additional Readings
➢ Camara NO, Iseki K, Kramer H, Liu ZH, Sharma K. 

Kidney disease and obesity: epidemiology, mechanisms 

and treatment. Nat Rev Nephrol. 2017;13(3):181-190. 

doi:10.1038/nrneph.2016.191

➢ Decleves AE, Mathew AV, Cunard R, Sharma K. AMPK 

mediates the initiation of kidney disease induced by a 

high-fat diet. J Am Soc Nephrol. 2011;22(10):1846-1855. 

doi:10.1681/ASN.2011010026

➢ Griffin KA, Kramer H, Bidani AK. Adverse renal con

sequences of obesity. Am J Physiol Renal Physiol. 

2008;294(4):F685-F696. doi:10.1152/ajprenal. 

00324.2007

➢ Grunvald E, Shah R, Hernaez R, et al. AGA clinical 

practice guideline on pharmacological interventions for 

adults with obesity. Gastroenterology. 2022;163(5):1198- 

1225. doi:10.1053/j.gastro.2022.08.045

➢ Kalil GZ, Haynes WG. Sympathetic nervous system in 

obesity-related hypertension: mechanisms and clinical 

implications. Hypertens Res. 2012;35(1):4-16. doi:10.1 

038/hr.2011.173

Figure 1. Simplified depiction of potential mechanisms whereby obesity accelerates chronic kidney disease progression. When 
adipocyte storage is exceeded, fatty acids must be stored in ectopic tissue including muscle, liver, and kidneys. Abdominal adiposity 
leads to increased leptin combined with decreased adiponectin, which accelerates renal tubular sodium reabsorption and leads to 
heightened blood pressure. To meet increased metabolic demands, both renal plasma flow and glomerular filtration rate increase in 
obesity. If nephron mass is reduced, preferential vasodilation of the afferent arteriole may occur to increase the glomerular filtration 
rate. This preferential vasodilation of the afferent arteriole not only increases intracapillary glomerular pressure but also mitigates 
renal autoregulation; high systemic blood pressure can be transmitted to the glomerular capillary, leading to barotrauma and 
nephron loss. High transmural pressure across the glomerular capillary leads to podocyte detachment. Fatty acids bind to mesangial 
cell receptors and lead to increased mesangial matrix production. Abbreviation: CKD, chronic kidney disease. Image © 2026 Tom 
Mattix and is reproduced with permission of the copyright holder.
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➢ Powell-Wiley TM, Poirier P, Burke LE, et al. Obesity 

and cardiovascular disease: a scientific statement 

from the American Heart Association. Circulation. 

2021;143(21):e984-e1010. doi:10.1161/CIR.0000 

000000000973

➢ Warren M, West M. State of Obesity 2024: Better Policies for a 

Healthier America. Trust for America’s Health; 2024. 

https://www.tfah.org/report-details/state-of-obesity- 

2024/

Screening for Obesity

Case 1: A 66-year-old man who was born in the Philippines 
has stage 4 CKD due to previous nephrectomy and suc
cessful treatment for lymphoma with chemotherapy 10 years 
ago. He presents for a second opinion on how he can 
improve his overall health. He tries to stay well hydrated and 
follow a healthy diet but states he has difficulty exercising 
because of chronic knee pain. On exam, his blood pressure 
is 128/82, and his weight is 166 pounds. He is 5 feet 7 
inches tall (1.70 m) with a body mass index (BMI) of 26.0 
kg/m2. He has no history of diabetes mellitus or cardiovas
cular disease, but he does have hypertension, osteoarthritis 
in both knees, and sleep apnea requiring nightly use of a 
continuous positive airway pressure machine. He currently 
takes losartan (100 mg), chlorthalidone (25 mg), and ator
vastatin (40 mg) daily. His examination is unremarkable 
except for crepitus in both knees. His serum creatinine is 
2.45 mg/dL with an estimated glomerular filtration rate 
(eGFR) of 28 mL/min/1.73 m2 and urinary albumin- 
creatinine ratio of 12 mg/g.

Question 1: What additional information is needed to 
determine whether this patient would benefit from 
weight loss?
(a) Calculate the waist-to-hip ratio.
(b) Measure the waist circumference.
(c) Perform a whole body dual-energy X-ray absorptiometry 

(DXA) scan.
(d) No additional measures are needed.

For the answer to this question, see the following text.

This patient has a BMI of 26 kg/m2. For adults, over

weight is defined by a BMI of 25-29.9 kg/m2, and a BMI ≥ 
30 kg/m2 defines obesity, which is further categorized as 

class I (BMI 30.0-34.9 kg/m2), class II (BMI 35.0-39.9 

kg/m2), and class III obesity (BMI ≥40 kg/m2). The Asian 

ancestry of this patient also should be considered; in this 

population, the World Health Organization suggests that 

overweight and obesity be defined as BMI > 23.0 kg/m2 

and >27.5 kg/m2, respectively. These different BMI cut 

points to define overweight and obesity in Asian pop

ulations address the heightened cardiometabolic risk that 

begins in this population at a lower BMI as compared with 

White populations.

The weight in kilograms divided by the height in me

ters squared, or BMI, remains the most widely used 

screening tool for both underweight, overweight, and 

obesity because it requires minimal staff time and is 

associated with mortality. However, the heterogeneity of 

adipose tissue distribution among humans continues to 

fuel debate on the optimal measures for assessing and 

defining obesity to identify individuals at risk for or with 

metabolic syndrome and other adverse health outcomes.

By itself, waist circumference (WC) is a flawed marker 

for abdominal adiposity because of the extreme variability 

in visceral fat across the spectrum of WC, BMI, and sex. 

Abdominal adiposity includes visceral, hepatic, and sub

cutaneous fat, and the former 2 are much stronger risk 

factors for insulin resistance and cardiovascular disease 

risk. Similarly, BMI alone is an imperfect measure of 

adiposity because it cannot discriminate muscle from ad

ipose tissue. Other measures of adiposity include the waist- 

to-hip ratio, body roundness index, and body conicity, an 

index of body fat distribution with higher values indi

cating more central body fat distribution (see Table 1). 

These proxy measures of central adiposity can be useful for 

assessment of body fat distribution, especially among in

dividuals with a BMI < 30 kg/m2 and in whom BMI may 

not accurately assess body fat. Some obesity societies are 

calling for routine assessment of both BMI and WC to 

detect and assess adiposity (see Table 2), but WC may be 

less useful in individuals with BMI ≥ 35 kg/m2 because 

almost all will have abdominal adiposity.

Although this patient does not meet criteria for obesity, 

he is considered overweight based on his BMI, regardless 

of his race or ethnicity. This patient has obstructive sleep 

apnea and osteoarthritis of both knees, which are 

adiposity-associated complications. Obesity guidelines 

recommend weight loss in the presence of overweight or 

obesity comorbidities. Thus, answer (d) is correct: no 

additional measures of adiposity, including total adiposity, 

are required to recommend weight loss to improve this 

patient’s overall health. Measures of total adiposity are 

weakly associated with health outcomes as compared with 

measures of visceral adiposity, which can be present in 

persons without subcutaneous or peripheral adiposity.

Additional Readings
➢ Grunvald E, Shah R, Hernaez R, et al; AGA Clinical 

Guidelines Committee. AGA clinical practice guideline 

on pharmacological interventions for adults with 

obesity. Gastroenterology. 2022;163(5):1198-1225. doi:1 

0.1053/j.gastro.2022.080.0405

➢ Jensen MD, Ryan DH, Apovian et al; American College 

of Cardiology/American Heart Association Task Force 

on Practice Guidelines; Obesity Society. 2013 AHA/ 

ACC/TOS guideline for the management of overweight 

and obesity in adults: a report of the American College 

of Cardiology/American Heart Association Task Force 

on Practice Guidelines and the Obesity Society. J Am Coll 

Cardiol. 2014;63(25):2985-3023. doi:10.1161/01.cir. 

0000437739.71477
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BMJ. 1995;311(6998):158-161. doi:10.1136/bmj.31 

1.6998.158

➢ Mueller WH, Meininger JC, Liehr P, Chan W, Chandler 

PS. Conicity: a new index of body fat 

distribution—what does it tell us? Am J Hum Biol. 

1996;8(4):489-496. doi:10.1002/(SIC1520-6300 

(1996)8:4<489::AID-AJHB9>3.0.CO;2-T)

➢ Neeland IJ, Poirier P, Despres JP. Cardiovascular 

and metabolic heterogeneity of obesity: clinical chal

lenges and implications for management. Circulation. 

2018;137(13):1391-1406. doi:10.11161/circulation 

aha.117.029617

Table 1. Clinical Adiposity Measures

Measure Definition Strengths Limitations
Body mass index Weight in kg/height in m2 • Easy to measure

• Already implemented in most 
clinics

• Associated with mortality
• Accepted thresholds for different 

populations

• Lacks discernment of adiposity 
from muscle mass

• Lacks age and sex-specific cut 
points to define overweight and 
obese

Waist-to-hip ratio Ratio of circumference of waist to 
hips and defined as >0.9 in men 
and >0.85 in women

Higher levels associated with 
increased mortality in general 
population and in persons with 
CKD

• Variation in technique can lead to 
differing results

• Requires personnel training
• Lacks universally accepted cut 

points for different populations
• Lacks age cut points to define 

risks for adverse health outcomes
• Does not assess visceral 

adiposity mass directly
Waist 
circumference

Abdominal adiposity >88 cm in 
women and >102 cm in men 
(or see Table 2)

• Readily measured
• Measures abdominal adiposity
• Established cut points for adverse 

health outcomes
• Sex-specific cut points
• Can be adapted to different 

populations

• Variation in technique can lead to 
different results

• Requires personnel training
• Not applicable to children, 

adolescents
• Less reliable in adults with BMI 

≥ 35 kg/m2

Conicity index Waist circumference (m) / 
(0.109 × square root of [Weight 
(kg)/Height (m)])

• Accounts for height and weight
• Associated with adverse health 

outcomes
• Measures adiposity distribution
• Includes WC and height
• May provide better discrimination 

of health risks than BMI or WC 
alone

• Requires personnel training
• Complexity limits use in clinical 

settings
• Lacks universally accepted cut 

points to define health risks
• May misclassify obesity in atypical 

body composition

Body roundness 
index

(Waist circumference / Height) × 
(1 + [Waist circumference / 
Height])

Measures adiposity distribution
• Includes waist circumference and 

height
• May provide better discrimination 

of health risks than BMI alone
• Specific age, sex, and race or 

ethnicity cut points

May be perceived as offensive by 
patients
• Requires personnel training
• Complexity limits use in clinical 

settings
• May misclassify obesity in atypical 

body composition
Body impedance 
analysis

Estimates body composition by 
running a weak electric current 
through the body and calculating 
the resistance and reactance to the 
current

Reproducible and reliable • Requires equipment
• Measures total adiposity and not 

abdominal adiposity

Dual-energy X-ray 
absorptiometry

Uses low dose x-rays to measure 
body composition

• Provides body composition 
analysis

• Accurate and quick

• Requires equipment
• Cost
• Ionizing radiation exposure

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; WC, waist circumference.

Table 2. Proposed Waist Circumference Thresholds 
Associated With Adverse Health Outcomes by Body Mass 
Index Categories

Body Mass Index
Waist Circumference (cm)
Women Men

Ideal weight (18.5-24.9) ≥80 ≥90
25-29.9 ≥90 ≥100
30-34.9 ≥105 ≥110
≥35 ≥115 ≥125
Adapted with permission of the copyright holder (John Wiley & Sons, Inc) from 
Ardern CI, Janssen I, Ross R, Katzmarzyk PT. Development of Health-Related 
Waist Circumference Thresholds Within BMI Categories. Obesity Research. 
2004;12(7):1094-1103. doi:10.1038/oby.2004.137
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➢ Ross R, Neeland IJ, Yamashita S, et al. Waist circum

ference as a vital sign in clinical practice: a consensus 

statement from the IAS and ICCR Working Group on 

Visceral Obesity. Nat Rev Endocrinol. 2020;16(3):177- 

189. doi:10.1038/s41574-019-0310-7

➢ Thomas DM, Bredlau C, Bosy-Westphal A, et al. Re

lationships between body roundness with body fat and 

visceral adipose tissue emerging from a new geomet

rical model. Obesity (Silver Spring). 2013;21(11):2264- 

2271. doi:10.1002/oby.20408

➢ Warren M, West M. State of Obesity 2024: Better Policies for a 

Healthier America. Trust for America’s Health; 2024. 
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Benefits of a Behavioral Intervention Program

Case 1, continued: The patient is referred to a compre
hensive behavior intervention program, which includes 14 
sessions with a trained obesity interventionist over a 6- 
month span. He is very motivated to lose weight.

Question 2: How should this patient be counseled 
regarding a comprehensive behavior intervention 
program?
(a) Weight loss is typically <5% total body weight.
(b) It will reduce his risk for cardiovascular disease.
(c) It will reduce his risk for kidney failure.
(d) Up to 10% loss of total body weight may be achieved.

For the answer to this question, see the following text.

Obesity guidelines advise individuals who are over

weight or obese to participate in a comprehensive behavior 

intervention program for at least 6 months. Existing 

studies show that weight loss can be up to 10% of total 

body weight with a behavior intervention program if 

successfully implemented, which makes answer (d) 

correct.

Behavior interventions should include diet and exercise 

as modeled by the LOOK AHEAD (Action for Health in 

Diabetes) trial. This trial randomized over 5,000 adults 

aged 45-76 years with type 2 diabetes to determine 

whether an intensive behavior intervention would reduce 

the risk of cardiovascular disease. The participants were 

randomized to an intensive behavior intervention that used 

diet, exercise for 175 minutes per week, and other stra

tegies to produce at least a 7% weight loss versus a stan

dard diabetes education program. After a median follow- 

up period of almost 10 years, the trial was stopped for 

futility because no difference in cardiovascular outcomes 

was detected between the groups. However, the partici

pants allocated to the intensive behavior intervention 

showed significantly higher weight loss (8% vs 0.7% at 1 

year) and a lower risk of incident CKD compared with the 

group allocated to standard care, but this trial did not 

include individuals with CKD stage 3B-5.

To date, studies have not convincingly demonstrated 

that behavior interventions slow kidney disease progres

sion or reduce the risk of kidney failure or cardiovascular 

diseases among individuals with established CKD. How

ever, behavior interventions can be used to successfully 

achieve weight loss, lower blood pressure, and improve 

quality of life in patients with CKD.

Additional Readings
➢ Foy CG, Lewis CE, Hairston KG, et al; Look AHEAD 

Research Group. Intensive lifestyle intervention im

proves physical function among obese adults with 

knee pain: findings from the Look AHEAD trial. Obesity 

(Silver Spring). 2011;19(1):83-93. doi:10.1038/oby.2 

010.120

➢ Ikizler TA, Robinson-Cohen C, Ellis C, et al. Metabolic 

effects of diet and exercise in patients with moderate 

to severe CKD: a randomized clinical trial. J Am Soc 

Nephrol. 2018;29(1):250-259. doi:10.1681/ASN.2017 

010020

➢ Kuna ST, Reboussin DM, Strotmeyer ES, et al; Sleep 

AHEAD Research Subgroup of the Look AHEAD 

Research Group. Effects of weight loss on obstructive 

sleep apnea severity: ten-year results of the Sleep 

AHEAD Study. Am J Respir Crit Care Med. 

2021;203(2):221-229. doi:10.1164/rccm.201912-251 

1OC

➢ Look AHEAD Research Group. Cardiovascular effects of 

intensive lifestyle intervention in type 2 diabetes. N Engl 

J Med. 2013;369(2):145-154. doi:10.1056/NEjMoa1 

212914

➢ Look AHEAD Research Group. Effect of a long-term 

behavioural weight loss intervention on nephropathy 

in overweight or obese adults with type 2 diabetes: a 

secondary analysis of the Look AHEAD randomised 

clinical trial. Lancet Diabetes Endocrinol. 2014;2(10):801- 

809. doi:10.1016/S2213-8587(14)70156-1

➢ Neale EP, Rosario VD, Probst Y, Beck E, Tran TB, 

Lambert K. Lifestyle interventions, kidney disease 

progression, and quality of life: a systematic review and 

meta-analysis. Kidney Med. 2023;5(6):100643. doi:10.1 

016/j.xkme.2023.100643

➢ Witek K, Wydra K, Malgorzata F. A high-sugar diet 

consumption, metabolism and health impacts with a 

focus on the development of substance use disorder: a 

narrative review. Nutrients. 2022;14(14):2940. doi:1 

0.3390/nu14142940

Case 1, continued: The patient with CKD stage 4 agrees 
to a behavior intervention program but asks if he can use a 
ketogenic diet to lose weight.

Question 3: Which of the following is true regarding 
ketogenic diets for weight loss in adults with CKD?
(a) Ketogenic diets are defined by low carbohydrate content 

and high protein content from animal sources.
(b) Ketogenic diets lower LDL cholesterol levels.
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(c) Ketogenic diets are associated with an increased risk of 
kidney stones.

(d) Existing data show that ketogenic diets are safe in 
advanced CKD.

For the answer to this question, see the following text.

A behavior intervention program to facilitate weight 

loss in an adult with obesity and CKD will emphasize diet 

modifications to reduce caloric intake while maintaining 

adequate protein intake to prevent sarcopenia and vitamin 

deficiencies. Ketogenic diets are popular because they are 

associated with weight loss, but such diets may not be easy 

to sustain. Because excess animal protein can increase the 

formation of uremic solutes, a low-carbohydrate diet that 

is high in protein is not recommended for patients with 

CKD. The current Kidney Disease: Improving Global Out

comes (KDIGO) clinical practice guideline for CKD rec

ommends 0.8 g per kg of ideal body weight per day for 

patients with non-dialysis-dependent CKD. Low-protein 

diets supplemented with amino acids and with adequate 

caloric intake must be closely supervised by a registered 

dietitian because of the risk of nutrient deficiencies and 

muscle loss.

Ketogenic diets do not have to be high in animal pro

tein. A recent short-term study demonstrated the safety 

and effectiveness of a plant-based ketogenic diet with 0.8 

g/kg plant-based protein. The participants in this trial had 

autosomal dominant polycystic kidney disease, but the 

mean eGFR was over 80 mL/min/1.73 m2 body surface 

area (BSA). The study participants lost over 5 kg and >10% 

fat mass with this plant-based ketogenic diet in just 12 

weeks. Due to the short duration of the trial, we do not 

know whether their weight loss was sustained.

In patients with CKD, ketogenic diets should be 

discouraged—especially with advanced CKD—due to the 

lack of evidence ensuring the safety of these diets. The 

main caloric source in ketogenic diets comes from fats 

while carbohydrate intake is limited. Also, LDL cholesterol 

generally increases with the use of ketogenic diets; given 

the high cardiovascular disease risk of CKD, an increase in 

LDL cholesterol may be harmful in the long term. Because 

ketogenic diets increase urine calcium excretion, lower 

urine citrate excretion, and lower urine pH, they heighten 

the risk of kidney stones, making answer (c) correct.

As shown in Table 3, a comprehensive behavior inter

vention program should involve a registered dietitian with 

formal training in renal nutrition who can assess the di

etary habits of an individual using food frequency ques

tionnaires and/or dietary recalls or other tools. A 

registered dietitian will also determine who does the 

cooking and shopping and the type of social support 

available to the patient. Implementation of dietary changes 

should be gradual because a high intake of sugar and 

possibly ultraprocessed foods over a prolonged period 

leads to overactivation of the mesolimbic dopamine 

pathway system and alters dopamine receptor activity in 

the brain. These brain changes with chronically elevated 

sugar intake are similar to the brain adaptation to chronic 

abuse of alcohol or cocaine. As a result, if sugar intake is 

abruptly halted, individuals may experience altered mood 

and even physical symptoms such as a headache.

Patients should be encouraged to identify emotional or 

situational triggers that lead to sugar or other food cravings 

so they can plan for alternatives such as swapping in 

healthy snacks in lieu of sugar-sweetened snacks in trig

gering situations. Nephrologists and other clinicians can 

assist by encouraging patients to drink mainly water and 

Table 3. Components of Behavior Intervention

Diet • Caloric restricted diet: generally 500-750 cal/day deficit, 0.8 g protein per kg ideal body weight, 24 g fiber/day
• Avoid high- or low-protein diets.
• Refer for medical nutrition therapy with registered dietitian.

Mindful eating • Encourage regular mealtimes and eating slowly.
• Discourage snacking in between meals.
• Suggest drinking only water with meals and avoiding alcohol, which increases appetite.

Fluid intake • Discourage intake of sugar-sweetened or artificially sweetened drinks.
• Encourage fluid intake as mainly water.

Exercise • Encourage a goal of 30-60 minutes exercise that achieves 65%-85% of maximum heart rate at least 5 days per 
week.

• Exercise time and intensity should start at a comfortable level and gradually increase as the patient is able to 
sustain activity.

• Monitor physical activity using phone or watch app or other device.
• Review activity data during routine clinic visits.

Stress reduction • Inform patient to use meditation, deep breathing, yoga, tai chi, or other exercises and activities to reduce stress 
consistently.

• Discuss benefits of managing stress.
Sleep hygiene • Encourage consistent sleep/wake times.

• Urge at least 7 hours of sleep per night.
Monitoring 
progress

• Scheduled measurements of BMI, waist circumference.
• Use measures of life and/or health quality.

Abbreviation: BMI, body mass index.

6 AJKD Vol XX | Iss XX | Month 2026

Kramer et al



discouraging intake of sugar-sweetened or artificially 

sweetened beverages. Mindful eating without snacking in 

between meals can also be discussed.

Diets should help patients increase their intake of high- 

fiber foods such as fruits, vegetables, legumes, and whole 

grains. For patients who are at risk of hyperkalemia, the 

potassium–fiber ratio can be used to identify foods with a 

low risk of hyperkalemia.

Additional Readings
➢ Cukoski S, Lindemann CH, Arjune S, et al. Feasibility 

and impact of ketogenic dietary interventions in poly

cystic kidney disease: KETO-ADPKD-a randomized 

controlled trial. Cell Rep Med. 2023;4(11):101283. doi:1 

0.1016/j.xcrm.2023.101283

➢ Friedman AN, Schauer PR, Beddhu S, et al. Obstacles 

and opportunities in managing coexisting obesity and 

CKD: report of a scientific workshop cosponsored by 

the National Kidney Foundation and the Obesity Soci

ety. Am J Kidney Dis. 2022;80(6):783-793. doi:10.1053/ 

j.ajkd.2022.06.007

➢ Kidney Disease: Improving Global Outcomes CKD 

Workgroup. KDIGO 2024 clinical practice guideline 

for the evaluation and management of chronic kidney 

disease. Kidney Int. 2024;105(4S):S117-S314. doi:10.1 

016/j.kint.2023.10.018

➢ Kim S, Shou J, Abera S, Ziff EB. Sucrose withdrawal induces 

depression and anxiety-like behavior by Kir2.1 upregula

tion in the nucleus accumbens. Neuropharmacology. 

2018;130:10-17. doi:10.1016/j.neuropharm.2017.11.041

➢ O’Neill B, Raggi P. The ketogenic diet: pros and cons. 

Atherosclerosis. 2020;292:119-126. doi:10.1016/j. 

atherosclerosis.2019.11.021

➢ Parvathareddy VP, Ella KM, Shah M, Navaneethan 

SD. Treatment options for managing obesity in 

chronic kidney disease. Curr Opin Nephrol Hypertens. 

2021;30(5):516-523. doi:10.1097/MNH.0000000 

000000727

Obesity and Dialysis Modalities

Case 2: A 56-year-old man with a BMI of 45 kg/m2 has 
CKD stage 4 due to type 2 diabetes mellitus. He requests 
education on dialysis modalities.

Question 4: Which of the following is true regarding 
the appropriateness of peritoneal dialysis (PD) for 
this patient?
(a) He is not a candidate for PD due to obesity.
(b) Kt/V may be falsely high in obesity.
(c) A large panniculus will exclude him from PD.
(d) His residual kidney function should be monitored closely 

while on PD.

For the answer to this question, see the following text.

Candidacy for PD is not defined by any adiposity 

measure, but a major concern with class II or III obesity is 

ensuring the catheter exit site can be seen by the patient 

and kept clean. Several studies have reported a higher risk 

of infectious peritonitis with obesity, but the excess risk is 

modest and should not deter patients from PD. If a patient 

has a large panniculus that would fold over a lower 

abdominal catheter exit site, an upper abdominal extended 

catheter or presternal catheter should be used (Fig 2).

Another important consideration in obesity is dialysis 

adequacy because fat mass confounds the calculation of 

Kt/V. Large body size is generally associated with higher 

metabolic rate and higher production of uremic solutes, 

but adipose tissue does not generate nitrogenous waste 

products such as urea, ammonia, or creatinine. However, 

sulfate-based metabolic waste products can be produced or 

even accumulate in adipose tissue. The denominator in Kt/V, 

a measure of dialysis adequacy, defines the volume of 

distribution of urea, which depends on height and weight:

Males : V = 2:447+0:3362×Weight (kg)+0:1074 

× Height (cm)− 0:09516 × Age
Females : V = −2:097+0:2466×Weight (kg)

+0:1069 × Height (cm)

In settings of obesity, especially class II or III, this calcu

lated volume of distribution is overestimated, leading to 

falsely low measurements of dialysis adequacy. In patients 

with obesity, other assessments of dialysis adequacy such 

as patient’s symptoms and a clinical assessment may be 

more useful than Kt/V.

Currently, no consensus exists regarding the optimal 

method of determining the volume of distribution of urea 

(V) in the setting of obesity, but bioimpedance or kinetic 

modeling has been suggested as a method to avoid 

misclassification of dialysis adequacy based on Kt/V. Errors 

in the volume of distribution calculation are compounded 

by faster loss of residual kidney function in patients with 

higher BMI. Individuals who are obese and receiving PD 

require more frequent monitoring and adjustments to their 

PD prescription than patients who are not obese to ensure 

adequate solute clearance, so answer (d) is correct.

Additional Readings
➢ Crabtree JH, Shrestha BM, Chow KM, et al. Creating 

and maintaining optimal peritoneal dialysis access in 

the adult patient: 2019 update. Perit Dial Int 

2019;39(5):414-436. doi:10.3747/pdi.2018.00232

➢ Johansson AC, Samuelsson O, Attman PO, Bosaeus I, 

Haraldsson B. Limitations in anthropometric calculations 

of total body water in patients on peritoneal dialysis. J 

Am Soc Nephrol 2001;12(3):568-573. doi:10.1681/ASN. 

V123568

➢ Kennedy C, Bargman J. Peritoneal dialysis in the 

obese patient. Clin J Am Soc Nephrol 2020;15(2):276- 

278. doi:10.2215/CJN.10300819

➢ Nessim SJ, Komenda P, Rigatto C, Verrelli M, Sood 

MM. Frequency and microbiology of peritonitis and 
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exit-site infection among obese peritoneal dialysis pa

tients. Perit Dial Int 2013;33(2):167-174. doi:10.3747/ 

pdi.2011.00244

➢ Obi Y, Streja E, Mehrotra R, et al. Impact of obesity on 

modality longevity, residual kidney function, perito

nitis, and survival among incident peritoneal dialysis 

patients. Am J Kidney Dis 2018;71(6):802-813. doi:10.1 

053/j.ajkd.2017.09.010

➢ Prasad N, Sinha A, Gupta A, et al. Effect of body mass 

index on outcomes of peritoneal dialysis patients in 

India. Perit Dial Int 2014;34(4):399-408. doi:10.3747/ 

pdi.2013.00056

➢ Sayer M, Thiel C, Schenk M, et al. Intraperitoneal 

extension of the peritoneal dialysis catheter-a new 

technique for catheter implantation in patients with 

obesity. J Nephrol 2022;35(1):311-316. doi:10.1007/s4 

0620-021-01077-z

Obesity and Kidney Transplantation

Case 2, continued: The patient completes dialysis edu
cation and decides on in-center hemodialysis. He asks 
whether kidney transplantation would be an option.

Question 5: Which of the following is true regarding the 
association of this patient’s BMI of 45 kg/m2 and future 
health outcomes with dialysis or transplantation?
(a) His future survival will be highest with kidney 

transplantation.
(b) His future survival will be highest with dialysis.
(c) Kidney allograft survival is higher in persons with obesity.
(d) Weight loss to achieve a BMI < 45 kg/m2 will allow 

prompt listing.

For the answer to this question, see the following text.

Severe obesity remains the most common obstacle for 

US patients to be wait-listed for kidney transplantation. 

Because the prevalence of severe obesity in the United 

States is highest among non-Hispanic Black women, a BMI 

threshold precluding kidney transplant wait-listing at 

many, but not all, transplant centers has contributed to 

racial and sex disparities in transplant access.

Total adiposity is associated with lower mortality 

among individuals with CKD, including individuals 

receiving hemodialysis. Among obese patients receiving 

dialysis, survival appears similar with PD or hemodialysis. 

In contrast to BMI or measures of total adiposity, higher 

waist-to-hip ratio, a measure of abdominal adiposity, is 

associated with increased mortality in adults with CKD 

including those receiving dialysis. Thus, the association of 

waist-to-hip ratio with mortality in persons receiving he

modialysis is comparable to the overall population.

Based on the available data, this patient’s survival will be 

maximized with kidney transplantation, so answer (a) is 

correct. Among individuals with BMI ≤ 40 kg/m2, mortality 

risk is reduced by over 60% with kidney transplantation 

compared with individuals who are wait-listed but not 

transplanted, even with extended criteria donor kidneys. Sur

vival benefits may be even higher with living kidney donors. 

Greater survival with kidney transplantation versus dialysis is 

also noted in patients with class III obesity, but the expected 

gains in survival are somewhat smaller. Thus, the survival 

benefits with a kidney transplant exceed any potential survival 

benefits with obesity for persons receiving hemodialysis.

Allograft survival is not higher in persons with obesity 

compared with those without, but this patient’s survival 

would be maximized with kidney transplantation. Obesity 

Figure 2. Considerations for peritoneal dialysis catheter placement in obese individuals. Figure shows how placement of a perito
neal dialysis catheter can be complicated by obesity. Far left shows the peritoneal dialysis catheter site obscured by a panniculus. 
An alternative is to use an upper abdominal extended catheter (option 1) or a presternal catheter (option 2). Based on information in 
Crabtree et al, Perit Dial Int 2019;39(5):414-436. doi:10.3747/pdi.2018.00232. Image © 2026 Tom Mattix and is reproduced with 
permission of the copyright holder.
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does, however, confer higher risks for surgical complica

tions, and controversy exists regarding a BMI cut-point 

whereby the risks of kidney transplantation exceed the 

potential benefits and thus weight loss is not a guarantee. 

When comparing persons receiving a kidney transplant 

stratified by BMI, obesity, especially a BMI ≥ 40 kg/m2, is 

associated with higher risk of delayed graft function, acute 

rejection, wound complications, and longer operating 

times and hospital stays. A BMI ≥ 35 kg/m2 may be 

associated with higher mortality risk and reduced allograft 

survival compared with transplant recipients with BMI 

< 35 kg/m2, but the data remain limited. The KDIGO 

2020 guideline for the evaluation and management of the 

candidate for kidney transplantation suggests that obesity 

should not by itself be an exclusion for kidney 

transplantation.

Additional Readings
➢ Chadban SJ, Ahn C, Axelrod DA, et al. KDIGO clinical 

practice guideline on the evaluation and management 

of candidates for kidney transplantation. Transplantation. 

2020;104(4)(suppl 1):S11-S103. doi:10.1097/TP. 

0000000000003136

➢ Gill JS, Lan J, Dong J, Rose C, Hendren E, Johnston O, 

Gill J. The survival benefit of kidney transplantation in 

obese patients. Am J Transplant. 2013;13(8):2083-2090. 

doi:10.1111/ajt.12331

➢ Krishnan N, Higgins R, Short A, et al. Kidney trans

plantation significantly improves patient and graft 

survival irrespective of BMI: a cohort study. Am J 

Transplant. 2015;15(9):2378-2386. doi:10.1111/ 

ajt.13363 ★ESSENTIAL READING

➢ Lavenburg LMU, Kim Y, Weinhandl ED, Johnasen KL, 

Harhay MN. Trends, social context and transplant im

plications of obesity among incident dialysis patients in 

the United States. Transplanation. 2022;106(11):e488- 

e498. doi:10.1097/TP.0000000000004243

➢ Oniscu GC, Abramowicz D, Bolignano D, et al. 

Management of obesity in kidney transplant candi

dates and recipients: a clinical practice guideline by 

the DESCARTES Working Group of ERA. Nephrol Dial 

Transplant. 2021;37(suppl 1):i1-i15. doi:10.1093/ 

ndt/gfab310

➢ Orandi BJ, Lewis CE, MacLennan PA, et al. Obesity as an 

isolated contraindication to kidney transplantation in 

the end-stage renal disease population: a cohort study. 

Obesity (Silver Spring). 2021;29(9):1538-1546. doi:10.1 

002/oby.23195

➢ Zimmermann S, Mathew A, Schoppe R, et al. Fat 

tissue quantity, waist circumference or waist-to-hip 

ratio in patients with chronic kidney disease: a sys

tematic review and meta-analysis. Obes Res Clin Pract. 

2024;18(2):81-87. doi:10.1016/j.orcp.2024.03. 

007

Obesity Treatment

Case 2, continued: After this patient with CKD stage 4 and 
a BMI of 45 kg/m2 completes transplant education, the 
transplant coordinator informs him that he cannot be wait- 
listed for transplantation until his BMI is <40 kg/m2. Thus, 
he needs to lose 35 pounds or 12% of his existing body 
weight to be listed for kidney transplantation.

Question 6: After obtaining permission to discuss 
weight loss as an intervention to achieve wait-listing 
for kidney transplantation, which of the following is 
the next best step?
(a) Refer for gastric banding procedure.
(b) Refer for Roux-en-Y procedure.
(c) Start semaglutide.
(d) Refer to a behavior intervention program.

For the answer to this question, see the following text.

Successful weight loss in this patient could improve his 

survival by approximately 50% if it leads to a successful 

kidney transplant. Clinicians should first ask patients if they 

can discuss weight loss as an intervention to achieve a 

specific health goal, such as wait-listing for kidney trans

plantation. Asking permission first allows clinicians to 

communicate in a nonthreatening way that is cautious of 

the stigma surrounding obesity. Terms like obesity and fat 

should be avoided; instead, the benefits of weight loss 

should be discussed and placed within the context of a 

health goal. For this patient, achieving transplant wait- 

listing would be an important purpose for weight loss. 

Behavior issues such as eating disorders and social issues 

should be queried and addressed before considering 

medications or metabolic and bariatric surgery. For ne

phrologists and other clinicians, this may require referring 

the patient to social workers and/or psychologists or 

behavior specialists.

When the patient is physically and psychologically 

ready to seek weight loss, a behavior intervention with a 

multidisciplinary approach is the preferred first step, so 

option (d) is the correct approach. A behavior intervention 

for this patient would include a calorie-restricted diet, a 

structured exercise regimen, stress management, and 

behavior therapy. This behavior intervention may not 

achieve adequate weight loss for this patient’s goals and 

may eventually need to be combined with other in

terventions such as medications or metabolic surgery, 

especially if the weight loss goals exceed >10% of the total 

body weight. However, the first step should be a behavior 

intervention.

Although referring a patient to a dietitian with expertise 

in obesity management would be helpful, referral for 

medical nutrition therapy alone is not equivalent to a 

behavior intervention program. Semaglutide could 
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eventually be used in this patient to facilitate weight loss, 

but it should be combined with a comprehensive behavior 

intervention program. After 1 year of semaglutide use, 

weight loss can be approximately 12% of total body 

weight (Table 4). If this patient is eventually treated with 

semaglutide, he should continue to work with a registered 

dietitian to ensure adequate fluid, calorie, and protein 

intake and should be referred for a structured exercise 

program to maintain muscle mass.

Nephrologists may not currently prescribe weight loss 

medications, but they can reach out to primary care cli

nicians and discuss their potential benefits. Clinicians 

should be encouraged to move slowly with escalating the 

weight loss medication dose and to use registered di

etitians, exercise clinicians, and programs to ensure safe 

and sustained weight loss. The approved weight loss 

medications are listed in Table 4. With the exception of 

semaglutide and tirzepatide, most are contraindicated in 

patients with advanced CKD. Orlistat should be avoided in 

all stages of CKD due to risks of oxalate nephropathy. 

Topiramate could be useful in patients with migraine 

headaches, but it should be avoided in this patient because 

it can induce or worsen metabolic acidosis.

Metabolic and bariatric procedures are increasingly 

being used to help patients achieve weight loss and wait- 

listing for kidney transplantation when behavior in

terventions do not provide adequate weight loss to achieve 

goals. Intragastric balloons, gastric banding, sleeve gas

trectomy, and Roux-en-Y bypass procedures lead to 

weight loss by restricting the amount of food that can be 

eaten at one time (Fig 3). However, only the sleeve gas

trectomy and Roux-en-Y bypass procedures lead to 

increased production of glucagon-like peptide-1 (GLP-1) 

(see Fig 3). The rapid transit of nutrients to the distal ileum 

leads to a higher density of L-type cells, which produce 

GLP-1, a hormone that reduces appetite, slows gastric 

emptying, and increases glucose-dependent insulin pro

duction. Thus, weight loss with sleeve gastrectomy or the 

Roux-en-Y procedures is not solely due to their restrictive 

effects but also due to the effect of increased GLP-1 levels.

Expected weight loss with intragastric balloon proced

ures and gastric banding is approximately 15% and 20%, 

respectively. Gastric banding and intragastric balloon 

procedures do not affect GLP-1 levels or alter a person’s 

appetite. With gastric banding, individuals may consume 

large quantities of food, which leads to abdominal 

discomfort and may require band adjustments and subse

quent weight gain. Low rates of maintaining weight loss 

and high rates of complications have put gastric banding 

out of favor. Although intragastric balloon procedures are 

increasing in use, the intervention is temporary, and 

weight loss may not be sustained. Sleeve gastrectomy and 

Roux-en-Y procedures and are associated with an 

approximate 20% to 30% weight loss.

In patients with advanced CKD, perioperative compli

cations with the Roux-en-Y procedure, including acute 

kidney injury, may be higher than in the general popula

tion. Clinicians must carefully select patients with 

Table 4. FDA-Approved Medications for Weight Loss

Medication Starting Dose Goal
Expected 
Weight Loss Side Effects

Liraglutide 0.6 mg SQ daily 3 mg SQ daily Mean 8% • Nausea, diarrhea, vomiting
• Boxed warning risk of thyroid C-cell 

tumors noted in rats and mice
Semaglutide 0.25 mg SQ weekly 2.4 mg SQ weekly Mean 12% • Nausea, vomiting, rarely pancreatitis

• Boxed warning risk of thyroid C-cell 
tumors noted in rats and mice

Tirzepatide 2.5 mg SQ weekly 15 mg SQ weekly Mean 21% • Nausea, vomiting, rarely pancreatitis
• Boxed warning risk of thyroid C-cell 

tumors noted in rats and mice
Other Choices
Phentermine-topiramate Avoid in CKD 

stage 3-5D
Mean 7% • Phentermine: increased blood 

pressure and heart rate, dry mouth, 
insomnia, headache, tremor

• Topiramate: acidosis, fatigue, 
nervousness, dizziness

Naltrexone-bupropion Avoid in CKD 
stage 3-5D

Mean 5% • Naltrexone: nausea, vomiting, 
fatigue, dizziness, mood changes

• Bupropion: headache, insomnia, 
dizziness, dry mouth, nausea

Orlistat Avoid Mean 5% • Fecal incontinence, oxalate 
nephropathy, kidney stones, severe 
liver injury, drug interactions with 
cyclosporine, levothyroxine, 
warfarin, antiepileptic medications

• Can lead to inadequacies in fat- 
soluble vitamins

Abbreviations: CKD, chronic kidney disease; FDA, US Food and Drug Administration; SQ, subcutaneous.
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advanced CKD for bariatric surgery referral, ensure opti

mization of a preoperative patient’s health, and closely 

monitor these patients after surgery. Because the Roux-en- 

Y leads to fat malabsorption, intestinal oxalate absorption 

increases and can lead to oxalate kidney stones and oxalate 

nephropathy, 2 rare but serious complications. Patients 

need to be aware of these potential risks and be monitored 

for hyperoxaluria and kidney stones after surgery. The 

bioavailability of immunosuppressants, including tacroli

mus and mycophenolate mofetil, may be reduced and/or 

variable after a Roux-en-Y procedure, so closer monitoring 

of drug levels is needed in the setting of kidney trans

plantation. Given the increased risks of postoperative 

complications and issues of altered bioavailability of im

munosuppressants, a Roux-en-Y procedure may not be the 

best intervention for weight loss in this patient with 

advanced CKD who wants a kidney transplant.

Additional Readings
➢ Ahmed B, King WC, Gourash W, et al. Long-term weight 

change and health outcomes for sleeve gastrectomy (SG) 

and matched Roux-en-Y gastric bypass (RYGB) partici

pants in the Longitudinal Assessment of Bariatric Surgery 

(LABS) study. Surgery. 2018;164(4):774-783. doi:10.1 

016/j.surg.2018.06.008

➢ Albury C, Tremblett M, Aveyard P. Patient-clinician 

communication about weight loss. JAMA 2025;333(10): 

900-901. doi:10.1001/jama.2024.27850 ★ESSENTIAL READING

➢ Diwan TS, Lee TC, Nagai S, et al. Obesity, trans

plantation, and bariatric surgery: an evolving solution 

for a growing epidemic. Am J Transplant. 

2020;20(8):2143-2155. doi:10.1111/ajt.15784

➢ Hutch CR, Sandoval D. The role of GLP-1 in the 

metabolic success of bariatric surgery. Endocrinology. 

2017;158(12):4139-4151. doi:10.1210/en.2017- 

00564 ★ESSENTIAL READING

➢ Ikizler TA, Kramer HJ, Beddhu S, et al; ASN Kidney 

Health Guidance Workgroup on Obesity and Kidney 

Diseases. ASN kidney health guidance on the manage

ment of obesity in persons living with kidney diseases. 

J Am Soc Nephrol. 2024;35(11):1574-1588. doi:1 

0.1681/ASN.0000000512 ★ESSENTIAL READING

➢ Lundgren JR, Janus C, Jensen SBK, et al. Healthy weight 

loss maintenance with exercise, liraglutide, or both 

combined. N Engl J Med. 2021;384(18):1719-1730. 

doi:10.1056/NEJMoa2028198

Figure 3. Depiction of bariatric and metabolic procedures for obesity management and their effects on glucagon-like peptide-1 
(GLP-1). The anatomical changes with sleeve gastrectomy and Roux-en-Y procedure leads to rapid delivery of food to the ileum. 
This rapid transit of nutrients to the small intestine leads to increased density of L-type cells, which secrete the incretin hormone 
GLP-1. GLP-1 crosses the blood-brain barrier and binds to receptors in the hypothalamus and mesolimbic system, leading to 
increased satiety. GLP-1 also enhances pyloric sphincter tone and slows gastric motility. The smaller stomach size restricts the 
amount of food that can be eaten at one time. Image © 2026 Tom Mattix and is reproduced with permission of the copyright holder.
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➢ Mozaffarian D, Agarwal M, Aggarwal M, et al. Nutri

tional priorities to support GLP-1 therapy for obesity: a 

joint Advisory from the American College of Lifestyle 

Medicine, the American Society for Nutrition, the 

Obesity Medicine Association, and the Obesity Society. 

Am J Clin Nutr. 2025;122(1):344-367. doi:10.1016/j. 

ajcnut.2025.04.023

➢ Wadden TA, Tronieri JS, Butryn ML. Lifestyle modifi

cation approaches for the treatment of obesity in adults. 

Am Psychol. 2020;75(2):235-251. doi:10.1037/ 

amp0000517
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