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Obesity and renal disease: Benefits 
of bariatric surgery
Leopoldo G. Ardiles *

Department of Nephrology, Faculty of Medicine, Universidad Austral de Chile, Valdivia, Chile

The prevalence of obesity, a preventable and reversible condition with a high 
impact on health, continues to rise, especially after the COVID-19 pandemic. 
Severe overweight is well recognized as a risk factor for diabetes and hypertension, 
among other conditions, that may increase cardiovascular risk. Obesity has 
grown simultaneously with a rise in the prevalence of chronic kidney disease, 
and a pathophysiological link has been established, which explains its role in 
generating the conditions to facilitate the emergence and maximize the impact 
of the risk factors of chronic kidney disease and its progression to more advanced 
stages. Knowing the mechanisms involved and having different tools to reverse 
the overweight and its consequences, bariatric surgery has arisen as a useful 
and efficient method, complementary or alternative to others, such as lifestyle 
changes and/or pharmacotherapy. In a detailed review, the mechanisms involved 
in the renal consequences of obesity, the impact on risk factors, and the potential 
benefit of bariatric surgery at different stages of the disease and its progression 
are exposed and analyzed. Although the observational evidence supports the 
value of bariatric surgery as a renoprotective measure in individuals with obesity, 
diabetic or not, randomized studies are expected to establish evidence-based 
recommendations that demonstrate its positive risk–benefit balance as a 
complementary or alternative therapeutic tool.
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Introduction

The continuous growth in the prevalence of overweight, aggravated by the COVID 
pandemic (1), is causing metabolic, orthopedic, psychological, and cardiovascular consequences 
and revealing other relevant damages with clinical significance (2).

The prevalence of obesity, age-standardized, among adults aged 18 and older, defined as a 
body mass index (BMI) of >30 kg/m2, has been rising over the past few decades, reaching a 
worrying figure of 650 million obese adults in the world in 2016 (3). Obesity is prevalent, 
especially in first-world countries where it continues to increase (4). Between 2005 and 2015, 
the obesity rate was approximately 32% in the United States and 24% in the United Kingdom 
(5). Data from the Framingham cohort show that not only the degree of obesity but also the 
period of exposure is important (6). Obesity is not only associated with increased mortality but 
also is a main risk factor for many diseases including chronic kidney disease (CKD) (7), 
nephrolithiasis, and renal cell cancer (8) (Table 1).

In addition, approximately 15% of United States adults (37 million people) are estimated to 
have CKD, with diabetes and hypertension being the most common causes. Other risk factors 
such as cardiac disease, family history of CKD, inherited kidney disorders, previous renal 
injuries, older age, and obesity are now recognized (9). In the National Health and Nutrition 
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Examination Survey, 44% of patients with CKD in the United States 
were obese (22% with class 1 obesity, 11% with class 2, and 11% with 
class 3), with an overall percentage increasing through the following 
years. This prevalence is higher than that in the general population 
(36%) (10). In addition, CKD is the second leading cause of death-and 
disability-adjusted life years (11), and data show that more than 
two-thirds of deaths related to obesity are due to cardiovascular 
disease (CVD) in the world (12).

Efforts to reduce the systemic, particularly the renal, effects of the 
overweight pandemic must be  adopted seriously, using the best 
available tools, especially if the knowledge about the effects of obesity 
on the kidney and the benefits of its reversal is growing. Bariatric 
surgery techniques are emerging as the most successful weight loss 
strategies for adults with extreme obesity, and their application in 
patients with chronic kidney disease deserves to be validated.

Epidemiological and 
pathophysiological bases

A definitive link between obesity and renal damage was 
established in 1923 by Preble (13), increasing in a stepwise fashion as 
BMI rises, even adjusted by the existence of hypertension, diabetes, 
history of smoking, and CVD (14). Indeed, obese individuals had a 
3-fold higher risk of CKD than normal-weight healthy subjects (14, 
15), regardless of their metabolic status and even in the absence of 
remarkable metabolic abnormalities (16). The most recognized link 
between obesity and CKD is centered on the insulin resistance 
associated with glucose intolerance, dyslipidemia, and hypertension 
that frequently progresses to overt type 2 diabetes mellitus (T2DM) 
(17). The relationship between diabetes and obesity is so close that it 
has led to the coining of the term “diabesity” (18). The relevance of 
obesity and its impact on the incidence and progression of CKD 
deserves attention because of its high prevalence, broad impact on 
health outcomes, and its modifiable nature (19).

A big meta-analysis of cohort studies, including 600,000 cases, 
assessed the effect of obesity on the CKD risk beyond its association 
with T2DM: obesity could be associated with a 51% increase in the 
risk of new-onset albuminuria and 18% in the risk of new onset of 
CKD stage 3 at 5 years (20). Furthermore, an Israeli army study 
reported hazard ratios for kidney failure of 3 and 6.9 for individuals 

with overweight and obesity, respectively, compared to normal BMI 
subjects. It is interesting to observe that having overweight (BMI 
between 25 and 29.9 kg/m2) could increase or not the risk (6, 14), 
suggesting a weight threshold.

Although diabetes and hypertension alone explain most obesity-
associated renal risk, in many observational studies, obesity is 
independently associated with the development of proteinuria, acute 
kidney injury, CKD, and end-stage kidney disease, both in otherwise 
healthy and in higher-risk groups like prehypertensive individuals 
(21–24). In addition, obesity may accelerate the loss of function in a 
variety of renal diseases such as polycystic disease, IgA nephropathy, 
renal transplant, and diabetic renal disease (25–27). Furthermore, low 
birth weight, low renal endowment, or any cause of reduced renal 
mass display an increased risk of progression to CKD and end-stage 
kidney disease (ESKD) when associated with obesity (28).

Different compartments in the kidney may 
be affected by obesity

Glomerular lesions
Obesity-associated glomerulopathy has been described in obese 

individuals with a BMI of >30 without clinical or histopathological 
evidence of other diseases and is clinically manifested by proteinuria 
(2, 29). Patients with obesity show glomerular hypertrophy associated 
with low glomerular density with or without a characteristic form of 
focal segmental glomerulosclerosis (FSGS), increased renal plasma 
flow (RPF), and glomerular filtration rate (GFR). In adaption to the 
glomerular expansion, podocyte increase in size but cannot keep up 
with it, leading to podocyte failure and detachment that results in an 
increase in glomerular permeability followed by lesions of FSGS (30).

Tubular lesions
Proximal tubular hypertrophy, with a higher cross-sectional area 

and its lumen, has been described in proteinuric obese individuals 
compared to non-obese patients with proteinuria (31) and may 
be related to the hyperfiltration state like the one observed in diabetes 
(32). Animal models have shown lipid cytoplasmic inclusions, 
tubulointerstitial inflammation, and fibrosis reversed by weight 
loss (33).

Direct and indirect effects of obesity on the 
kidney

Adipose tissue is the primary location designated to accumulate 
the excess energy in the form of triglycerides in specialized cells called 
adipocytes. Fat is not only a reservoir compartment but also produces 
secretory factors that may affect renal function, inducing insulin 
resistance, RAAS (renin angiotensin aldosterone system) activation, 
and eventually, renal inflammation (34). Two types of adipose tissue 
can be recognized according to structure and function: white adipose 
tissue specially dedicated to storage (35) that may be widely found 
surrounding organs such as the kidneys, and brown adipose tissue 
containing uncoupling protein 1 (thermogenin) present in 
mammalians, which transfers energy into heat to protect survival in 
cold stress situations such as the birth or hibernation with low access 
to proteins (36). Brown fat is associated to a metabolically health 

TABLE 1 Clinical consequences of obesity in the kidney.

 • Fatty kidney

 • Salt-sensitivity

 • Albuminuria and proteinuria (sub-nephrotic levels)

 • Hyperfiltration and progressive chronic kidney disease

 • Increase in the risk of progression of non-obese-related nephropathies

 • Indirect effects mediated by sleep-apnea and nocturnal hypoxemia and 

non-alcoholic fatty liver disease

 • Nephrolithiasis
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obesity phenotype, less associated to insulin resistance, inflammation, 
hypertension or T2DM (37).

Mechanisms of damage in obesity-associated kidney disease 
involve hemodynamic (hyperfiltration, podocyte damage, and renin–
angiotensin–aldosterone system activation), metabolic (dyslipidemia 
and adipokine dysregulation) and lipid nephrotoxicity (renal fat 
deposits knowns as a fatty kidney) (38), and oxidative stress with lipid 
peroxidation (39) (Figure. 1).

An obese state is characterized mainly by an increase in white 
adipose tissue and it is associated with a low-grade systemic 
inflammation through an increased release of pro-inflammatory 
products (TNF-α and IL-6) and a reduced effect of favorable 
adipokines (leptin and adiponectin) (40).

The participation of inflammatory markers in the pathogenesis of 
glomerular hyperfiltration (a key element in the pathogenesis of 
kidney damage) deserves special mention since it opens a new avenue 
of pathophysiological studies that can provide diagnostic, prognostic, 
and therapeutic guidelines. There is published evidence showing that 
the activation of the NLRP3 inflammasome is an effect shared by 
obesity and insulin resistance (41). Recently, an inverse correlation has 
been found between insulin sensitivity and serum levels of interleukin-
1beta (42); in addition, in patients undergoing bariatric surgery, the 
hyperfiltration reverses only in those who show a reduction in 
circulating levels of IL1b/caspase-1 (43).

Leptin, the physiological satiety hormone secreted by adipose 
tissue, inhibits insulin synthesis and secretion, decreasing energy 
expenditure and food intake by stimulation of hypothalamic receptors 
(44). Obesity has been suggested to be a leptin resistance state, where 
it loses its satiety properties but maintains its adrenergic effects on 

non-thermogenic tissues, inducing salt-retention, vasoconstriction, 
and hypertension, and raising the cardiovascular risk and the rate of 
progression of kidney diseases (45). In addition, adiponectin has anti-
inflammatory properties inhibiting the production of TNF-α and IL-6, 
metabolic actions sensitizing the liver, fat, and muscular tissue to the 
action of insulin, with an active role in atherosclerosis protection (46).

Just as it occurs for proinflammatory cytokines, something similar 
is observed for adipokines. A decrease in leptin and visfatin levels and 
an increase in adiponectin can be observed after successful bariatric 
surgery in patients with established CKD (47).

Some authors have linked low levels of adiponectin to an increase 
in cardiovascular risk in obese and hypertensive individuals with renal 
damage (48), but others have reported an increase, arguing an 
adiponectin-resistant condition (49). In addition, local production of 
components of the RAAS, such as angiotensinogen in the adipose 
tissue itself, has been found to play a pathogenetic potential in 
hypertension and salt sensitivity frequently found in patients with 
obesity (50). Furthermore, an ectopic fat storage syndrome has been 
proposed, when the capacity of adipocytes is exceeded and dietary 
lipids or calories are accumulated intracellularly in non-adipose 
tissues inducing lipotoxicity and dysfunctions (51). These metabolic 
abnormalities are almost always accompanied by the presence of 
hyperglycemia and its well-known effects in the kidney (52). In 
addition, a mechanical process may be triggered by excess adipose 
tissue deposition in the kidney inducing compression to enhance 
sodium reabsorption by reducing the peritubular renal blood flow and 
intraglomerular hypertension–hyperfiltration by renal vein ectasia 
(17, 38, 53). The measurement of renal fat deposits has been proposed 
as a biomarker of obesity-associated renal damage, using techniques 

FIGURE 1

Pathophysiological mechanisms and consequences of obesity on the kidney.
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such as ultrasonography, elastography, computed tomography, and 
nuclear magnetic resonance (54).

With this pathophysiologic substrate, obesity may 
be  considered an inflammatory state in the context of 
hypertension, insulin resistance, and high cardiovascular risk, 
involved in renal damage and its progression. BS is protective 
against renal function decline in patients with severe obesity in 
the long term, in coincidence with an improvement in 
inflammation (55). The metabolic syndrome, a constellation of 
central obesity, hypertension, dysglycemia, insulin resistance, 
atherogenic dyslipidemia, and non-alcoholic fatty liver disease, 
has been associated with increased CVD, T2DM, and CKD 
incidence. Severely obese patients with an accompanying 
diagnosis of diabetes carry the highest risk for CKD (56). 
However, the risk of CKD in obesity is beyond this association, 
information that was obtained in a big meta-analysis (20), 
showing that a high BMI in obese individuals is a significant and 
independent risk factor for the new onset of albuminuria and an 
estimated glomerular filtration rate (eGFR) of <60 mL/
min/1,73 m2. This fact has been observed also in studies of twins 
with different BMI (57).

Weight reduction and renal protection

Different strategies, invasive or not, have demonstrated efficiency 
in the reduction of BMI (58–61). They include changes in lifestyle, 
diets, pharmacological intervention as the most used (Table 2), and 
recently an expansion in the use of bariatric surgery (BS). No matter 
how, only a reduction in body weight can induce positive changes in 

obese patients with renal manifestations (62, 63). The first proofs of 
these effects were observed in a small group of patients with advanced 
diabetic nephropathy (64). After a very low-calorie diet for 12 weeks, 
a significant reduction of BMI was accompanied by improvement in 
glomerular filtration markers (serum creatinine, cystatin C, and 
eGFR) although without significant changes in the levels of 
albuminuria or proteinuria. In addition, reductions in fasting glucose, 
insulin levels, and HOMA model score were obtained. Furthermore, 
a long-term behavioral weight loss intervention in overweight or 
obese adults with T2DM (62) obtained significant weight loss, 
improvement in glycosylated hemoglobin levels, reduction in blood 
pressure, and 31% of reduction in cumulative incidence of very high-
risk CKD at 8 years compared with a group with diabetes support 
and education.

Non-surgical interventions have been useful in reducing urinary 
protein excretion in CKD. This was shown in a systematic review 
including different types of studies in patients with different causes of 
CKD (65); both observational and interventional protocols 
demonstrated a significant reduction in proteinuria, but no changes 
in GFR. For example, a 5-year lifestyle intervention obtaining a 
5%–7% weight loss in prediabetics reduced the risk of T2DM by 58% 
compared with placebo (66).

However, diet and medical interventions may have some 
limitations in CKD because low carbohydrate diets are usually rich in 
proteins (67) and weight loss medications have not been adequately 
tested in established CKD (68).

Since weight reduction by conservative methods is difficult to 
succeed and maintain, with high rates of weight gain after an initial rapid 
loss (69), BS, also called metabolic surgery, was considered as an 
alternative with the hope of an easier, more effective, and sustained effect.

TABLE 2 Alternatives or complementary therapies to bariatric surgery in obese patients with CKD.

Therapies Problems Advantages

Lifestyle modifications (diet, exercise) Adherence in the long term Feeling of well-being

RAAS inhibition Beneficial effects can be depleted as some individuals gain further 

weight. Hyperkalemia, renal dysfunction, cough, angioedema

Oral administration, low cost

SGLT2 inhibitors Glycosuria (some patients may experiment higher frequency of 

urogenital infections)

Oral administration

Anti-inflammatory effects

Reduce blood pressure

Reduce glycemic levels

Reduce hyperlipidemia

Increase natriuresis

Reduce renal hyperfiltration and proteinuria

Intrinsic reno-cardio-vascular protection

Melatonin May alter circadian cycles Oral administration

Improves sleep

Antioxidant, Anti-apoptotic

Modules sympathetic activity

Regulates energy metabolism

Improves insulin sensitivity and glucose tolerance

GLP1 agonists Not all available in oral forms of administration Cardio-reno-vascular risk reduction

Orlistat Drugs interaction. Oily spotting of underclothes Oral administration

RAAS, renin-angiotensin-aldosterone system; SGLT2, sodium-glucose transporter 2; GLP1, Glucagon-like peptide-1.
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A large retrospective analysis of the 2010–2015 US National 
Inpatient Sample (NIS) database for the years 2010–2015 shows that 
the chance of developing CKD (adjusted for risk factors) and of 
reaching ESRD is lower in those with BS (56).

Indeed, BS is the most effective therapeutic option for morbid 
obesity and has been shown to induce modification of multiple risk 
factors involved in the progression of CKD (69). Moreover, BS 
improves albuminuria adjusted by the coexistence of diabetes, 
hypertension, age, race, and surgery technique (70).

Bariatric surgery

There are many BS modalities, which are described later. The most 
frequently used has been the gastric bypass, but there is a trend to 
adopt the sleeve gastrectomy (SG) as the first choice (17) owing to its 
reduced complexity and comparable results with Roux-en-Y gastric 
bypass (RYGB) (71). All commonly performed procedures are done 
laparoscopically with a short hospital stay and each surgical technique 
has its own risks and complications.

Gastric band

An adjustable silicone band is positioned around the top of the 
stomach after the esophagus to reduce its size as well as slow the 
passage of food through the restriction. With this surgical technique, 
approximately 30% of excess body weight is expected to be lost after 
2 years of follow-up. Although this procedure is the one that people 
have most often heard of, it accounts for approximately 10% of 
bariatric procedures because it is deemed less effective than the 
others (72).

Sleeve gastrectomy

In this case, the stomach is divided by stapling, which results 
in a ‘sleeve’-shaped stomach removing approximately 70% of it. 
Since parts of the stomach are removed, neurohormonal changes 
can be observed, such as decreased concentrations of Ghrelin, the 
hunger-stimulating hormone. This peptide is mainly produced 
by cells located in the gastric fundus, which is removed, and this 
can diminish appetite contributing to further weight loss. 
Approximately 60% of excess body weight is expected to be lost 
at 2 years after surgery (72).

Gastric bypass

Two different types of gastric bypass are in use: the Roux-en-Y 
gastric bypass and the loop gastric bypass. In both techniques, a 
smaller stomach/pouch is made using staples. Then, a loop is 
shaped in the bowel, which forms a new way for the food to leave 
the stomach (shorter than before), which can subsequently cause 
some minor malabsorption contributing, together with the 
reduced volume of food, to an effective weight loss. Expected 
weight loss is approximately 60%–70% of the excess at 2 years 
post-surgery (72).

Beneficial effects of BS and their mechanisms
Surgery is considered a successful method to reduce appetite, and 

deciding which procedure is better for some people may be easy, but 
not for others. It is very effective in reducing weight, showing 
additional benefits in T2DM, high blood pressure, obstructive sleep 
apnea, and high cholesterol; other conditions, including osteoarthritis, 
skin conditions, and hormone-related problems such as polycystic 
ovary syndrome/subfertility, are likely to benefit, in addition to many 
others (73).

The first beneficial effect of BS was shown in diabetic patients (74) 
with a 66% of remission of DM with RYGB (28% with gastric band). 
In uncontrolled obese patients with diabetes (75), surgery (RYGB or 
SG) was effective to reduce BMI, glycated hemoglobin, 
antihypertensive and antidiabetic medications, and to improve the 
quality of life.

Following surgery, a weight loss of 25% can be maintained for the 
long term. The glucose-lowering effects rely on the effect of peripheral 
insulin resistance, but several interesting mechanisms, independent of 
weight loss, have been proposed as participants in the renoprotective 
outcome (17).

Indeed, evidence is growing that changes in gut hormones (such 
as GLP-1), intestinal microbiome, plasma bile acids, and nutrient-
sensing mechanisms may participate in the long-term benefits (19, 
76), although there is still scarce information on how weight loss may 
improve metabolic parameters in patients with CKD.

Metabolic surgery, by reducing increased intraabdominal 
pressure, improves renal vein pressure, increases renal blood flow, and 
normalizes GFR, plasma renin activity, and aldosterone levels, all of 
them involved in proteinuria (77). BS has been shown to reduce 
proteinuria and reverse hyperfiltration in obese people with conserved 
kidney function (78). In addition, in uncontrolled studies, BS 
improves other risk factors for CKD including cardiac disease, 
pulmonary hypertension, and sleep apnea (79–81).

Experimental data from animal models show that in parallel with 
improvements in weight and metabolic control, BS improved the 
kidney itself reducing fibrosis, inflammation, and oxidative stress at a 
transcriptomic level (82, 83).

A meta-analysis based on observational studies shows an 
improvement in albuminuria/creatininuria, both weight and blood 
pressure independently. With respect to GFR, the main demonstrated 
effect is a reduction in individuals with hyperfiltration and an increase 
in those with reduced eGFR (84).

A systematic review and meta-analysis of observational studies 
about the positive impact of BS on renal outcomes (84) showed 
reductions in albuminuria, proteinuria, and creatininemia in the 
overall group, and an improvement in GFR, especially in hyperfiltrating 
and CKD groups. Indeed, a reduction in filtration fraction is recognized 
as the main mechanism involved in the beneficial effect to improve 
renal damage in a subject who has lost weight (2). In addition, other 
studies focused on renal function showed that obese persons submitted 
to BS reduce in approximately 58% their decline of GFR by ≥30% and 
the risk of doubling serum creatinine at 5 years (85).

Changes in body surface area, after the surgery, induce problems 
in the interpretation of changes in measured GFR in individuals with 
preserved renal function (86) with the first report published in 1980 
(87). They measured GFR with radioisotopic EDTA 12 months after 
intestinal bypass operation in patients with obesity observing a 
significant reduction in uncorrected GFR that disappeared after 
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correction by body surface; the same was found measuring GFR with 
creatinine clearance. The best explanation for this fact is that knowing 
that the number of nephrons is established at birth, a reduction of 
hyperfiltration may be involved in the final GFR. A positive result on 
GFR, associated with a reduction in leptin levels, was observed in a 
small study of 13 patients with CKD (serum creatinine ≥ 1.3 mg/dL) 
measuring GFR with iothalamate (88). Attention must be paid to the 
marker used to evaluate renal function after BS because serum 
creatinine depends on the muscle mass, and its loss in the short term 
due to the surgical trauma may induce over-estimations of GFR 
evaluated with formulas only. In general, GFR equations combining 
serum creatinine and cystatin C have shown to be more accurate in 
estimating renal function, but there are also doubts regarding the 
validity of the adjustments for BMI in obese subjects, which may 
be imprecise (89). The direct measurement of GFR would be the ideal 
strategy (90, 91), but whether these changes in eGFR signify only 
hemodynamic changes or a true modification of the progression of 
CKD is still unclear (92).

The main effect of BS has been demonstrated in a reduction in the 
GFR of hyperfiltrating patients (65). The systematic review and meta-
analysis of Bilha et  al. (84) looking for the renal impact of BS in 
patients with obesity showed a significant decrease in serum creatinine 
in the general group, but not in patients with CKD; they could not find 
improvements in GFR (estimated or measured), except in CKD2, but 
a reduction in hyperfiltration was evident.

However, it may be  more important to demonstrate if it may 
reduce the risk of developing CKD. A problem observed after the 
readout of the renal outcomes in the available published literature is 
that many of the manuscripts have shown short-term results. A 
systematic review (93) exploring the long-term results after SG 
suggests that BS can lead to considerable and lasting excess weight loss 
and significant modifications in obesity-related co-morbidities. In a 
prospective study, Friedman found that BS induced an improvement 
in the CKD risk categories in a large proportion of patients for up to 
7 years, especially in those with moderate or high basal risk (94).

Effects of BS on risk factors of CKD
The impact of BS on risk factors of CKD was evidenced early after 

the introduction of the technique and is well described in a meta-
analysis reported in 2014 (74). With respect to diabetes mellitus, BS 
induces remission of type 2 DM in 67% using RYGB and 29% with a 
gastric band (74) and is more effective than intensive medical therapy 
after 3 years of observation (75). A clear impact on renal protection in 
obese patients with type 2 DM has been evidenced, reducing 
albuminuria independently of the obtained changes in BMI, HbA1c, 
and systolic BP (95).

For hypertension, remission, defined as a blood pressure less than 
140/90 without medications, was obtained in 38% of cases with gastric 
bypass (randomized controlled trial) and 17% with a gastric band 
(prospective cohorts). Confirming the positive effect, in adolescents, 
it induced remission of high blood pressure in 75% of subjects (96).

An improvement in dyslipidemia has also been found, with a 
remission rate of 60% after gastric bypass and 23% after the gastric 
band (74).

The impact of BS may be observed in patients without diabetes 
also; observational studies have shown a reduction in albuminuria and 
risk of ESKD after a follow-up of 18 years (97). In CKD, improvement 
in patients with obesity in the CKD stages has been observed in 

approximately half of the subjects, even in those at high risk at 
baseline (98).

In patients with moderate and high baseline CKD risk categories, 
BS is associated with an improvement in the CKD risk itself, in a large 
proportion of patients followed for up to 7 years. These findings 
support the introduction of CKD risk in presurgical evaluation for 
bariatric surgery (94). A retrospective cohort study of patients with 
CKD stage 3 or higher who received BS (RYGB or SG) showed slower 
declines in eGFR up to 3 years after surgery, which may be at least 
partly independent of weight loss (99).

Effects of BS on CKD progression
Metabolic surgery has been shown to reduce the likelihood of 

CKD progression and improve kidney function in observational 
studies (92), but there are few prospective reports of its effect on 
established CKD (47).

A recent retrospective study (56) of the US National Inpatient 
Sample database with 296,041 operated cases and 2,004,804 severely 
obese controls, found, even after adjusting for all CKD risk factors, 3.1 
times higher incidence of CKD 3 and 1.13 times higher incidence of 
ESKD in the control group.

The CKD preventive effect of BS may be quantified from the data 
observed in the SOS study where a 47% of reduction in CKD stages 4 
and 5 after a median 10 years follow-up was described. The protective 
effect was greater in patients with a baseline UACR > 34 mg/mmol, 
needing to treat 4 patients to prevent 1 case of CKD, stages 4 or 
5 (100). Data from the United States have shown that patients with 
CKD and albuminuria moderate or severe have the best results, 
reducing the risk of progression to kidney failure by 70% at 2 years and 
60% at 5 years (98).

Although in observational studies, surgery shows improvements 
in creatinine-based renal outcomes, long-term studies using other 
filtration markers less dependent on body mass are needed (86).

Renal protection induced by BS may last up to 9 years in patients 
with or without decreased baseline kidney function, hypertension, 
and diabetes (101). The best surgical modality to obtain the best 
renoprotection remains unknown, but although there are studies 
favoring RYGB, there are ongoing trials to solve this issue.

The results of randomized, controlled trials in patients with well-
defined and staged CKD powered to detect surrogate endpoints of 
disease progression (102) or, even better, initiation of dialysis or 
mortality, such as NCT 04626323 (currently ongoing), is expected to 
solve the doubts.

When to perform the surgery?

A meta-analysis of eight studies (six retrospective studies) 
including 766 patients with CKD of ≥3 described eGFR and/or 
creatinine improvement in 63% of the cases, independent of the 
surgery technique used, blood pressure, BMI, or presence of diabetes 
(84). Only one study revealed creatinine increase at a follow-up of 
2 years.

Although it has been reported that individuals with a lower 
preoperative eGFR experience less weight loss after BS, others have 
found that preoperative renal function may not have an independent 
impact on postoperative weight loss in patients with eGFR of ≥30 mL/
min (103). On the contrary, severe CKD (stages 4 and 5) may have the 
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worst results in terms of weight loss, and some authors propose to 
perform the surgery at the earliest possible (104) because long-term 
studies suggest that surgical intervention might be the most beneficial 
at earlier stages of kidney disease (94).

More advanced stages of CKD do not appear to be  statistically 
associated with an increased risk of early postoperative complications 
(105). Studies in the strict pre-dialysis phase are lacking, but it is possible 
that the post-surgery reduction of hyperfiltration and the post-operatory 
rapid catabolic state might accelerate the need for dialysis (106).

Paradoxically, in patients in dialysis, morbid obesity is protective if 
it is accompanied by muscle mass gain (107, 108). However, weight loss, 
if intentional, has not been demonstrated to be deleterious (109), and BS 
may be a good bridge to obtain a transplant (110) since the risk of 
surgical and post-surgical complications is increased in patients with 
obesity when transplanted, including retarded wound healing and 
infection, lymphocele, and CVD (111, 112). In patients in dialysis, before 
transplant, BS reduced mortality (regardless of developing ESRD) (113) 
incidence of diabetes and approximately 60% of cardiac disease (114).

Better selection criteria to submit patients to BS, which include 
the severity of obesity, goals (metabolic, effects on progression or 
regression of CKD), patients preferences, and tolerance to the risk, are 
also necessary (19).

Obesity, bariatric surgery, and renal 
transplant

Obesity may impede access to kidney transplantation (19, 109, 
115). In fact, it affects kidney transplant candidates, recipients, and 
potential living kidney donors deserving to be faced (116).

Meta-analysis has shown that patients with obesity after renal 
transplants have a higher risk of delayed graft function, risk of 
death, biopsy-proven acute rejection, and allograft loss (117). 
Patients who gained >15% of their initial weight during the first 
year showed higher mortality 10 years after, with a functioning 
kidney (118).

Some authors suggest that surgery should be  considered 
6–12 months after transplantation for patients with a BMI of >35 kg/
m2 with cardiovascular and metabolic comorbidities and without 
previous bariatric procedures (116).

The intervention, whether performed before or after the 
transplant, is effective and safe, and the time to do so must 
be individualized for each patient (119).

The pharmacological effect of BS on immunosuppressive regimens 
must be tailored because potential changes in drug disposition after 
the anatomical and functional changes in the gastrointestinal tract 
(120) need to be faced with closer surveillance of drug blood levels.

Complications of the surgery

Perisurgical complications are higher in patients having both 
obesity and renal disease (73, 121), and creatinine levels of >2 mg/dL 
have a higher risk of re-intervention, readmission, and acute kidney 
injury (122, 123). With a low incidence (<15% at 30 days), patients 
with CKD experience more frequent complications and readmissions 
after BS than patients without CKD, and it should not be  a 
contraindication for the procedure (124) because the absolute risk is 
low and mortality does not increase (103, 125). Indeed, safety has 
improved substantially after the 2000s (73). Post-op acute kidney 
injury, if it occurs in a context without sepsis or in subjects who do not 
have previous CKD 4 or 5, has a good prognosis (126).

Long-term problems vary with the surgical technique used (127). 
Mechanical, stenotic problems may be  observed after GS or 
RYGB. Gastroesophageal reflux is more typical of GS (128). RYGB has 
its own specific complications such as cholelithiasis (40% of the cases), 
incisional or internal hernias, dumping syndrome after ingestion of a 
high quantity of simple carbohydrates, and oxalate nephropathy. 
Reduced oral intake as well as altered stomach and small bowel 
absorption reduce the availability of various micronutrients, 
particularly iron, calcium, vitamin B12, thiamine, and folate (128) 
(Table 3).

TABLE 3 Non-surgical adverse effects of bariatric surgery.

Disorder Mechanism Clinical manifestations

Micronutrient (iron, calcium, zinc) and vitamin 

(Folate, B12, and Vit D) deficiencies

•   Exclusion of specific zone of absorption in 

duodenum    

•  Reduction in gastric acid

•  Sub-clinical malabsorption                    

Iron-deficiency anemia

Osteopenia and risk of fractures

Hyperoxaluria (mainly in RYGB) •  Hyperoxaluria and hypocitraturia    

•   Malabsorption of fat, sequestration of calcium in 

soaps, increase of passive absorption of free oxalate 

in colon      

Oxalate urolithiasis

Oxalate nephropathy

Post operatory renal disfunction
 • Dehydration

Acute kidney injury

Changes in bioavailability of drugs •  Changes in absorption of drugs      Changes in effect of medical therapies of comorbidities in 

chronic kidney disease

Need for better surveillance of drug levels  

in transplant

RYGB, Roux-en-Y gastric bypass.
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An important matter is that 1/3 of the patients submitted to BS 
may experience suboptimal results or significant weight regain in the 
first few postoperative years (129). Psychological aspects may 
be  involved in the failure, since a high prevalence of pathologies, 
mainly eating and impulse control disorders can be found in patients 
requiring BS (129) that are not modified by the surgery (130), 
including the suicide risk (131). With any technique, failures are 
described, making lifelong follow-up necessary (128) to detect it and 
any potential complication at the earliest, performed by the best 
multidisciplinary BS team (132) available that should include at least 
a nutritionist, a psychologist, a gastroenterologist, and a nephrologist.

Conclusion

An important issue in the therapy of obesity and its consequences 
is the persistence and duration of its effects. Although there is little 
doubt about the superiority of surgery over non-invasive therapies in 
terms of effectiveness, RCTs are expected to compare surgery 
treatment in addition to pharmacotherapy versus lifestyle changes and 
pharmacotherapy alone to help in deciding rationally the best 
recommendation in CKD, established or at risk of it. A synergic effect 
between surgery and medical therapies exists (17).

The most important point is an eventual change in the CV risk. 
Here, the best studies have been done using RYGB showing, at 7 years 
of follow-up, a reduction in adjusted mortality of 40%, mainly 
attributed to a reduction in diabetes-associated cardiovascular events 
(133). But these data must be analyzed with caution because patients 
who received surgery are probably healthier and more motivated than 
their severely obese controls. In addition, it must be highlighted that 
an increase in non-disease-related death (accidents or suicide) has 
been described after BS (133).

Then, the targeted use of metabolic surgery to improve the 
cardiovascular and renal risks must be  balanced against the 
undesirable short and long-term risks and sequelae of the procedure, 
which can be of particular concern to patients with CKD (17).

The lack of randomized clinical trials, low follow-up rates, and 
poorly reported data regarding co-morbidities and quality of life in 
many of the studies indicate that these findings should be interpreted 
with caution.

The use of multitarget therapies with appropriate education and 
combinations of SGLT2 or GLP-1 agonists with RAS blockade and BS 
could obtain more integrated management of the inflammatory state 
and modulate adipocyte cytokines, in order to obtain the best renal 
protection (123).

Taking all of the above into account, if an increment in urinary 
albumin excretion is found in a patient with obesity, it is mandatory 
to intervene to reduce overweight, control hypertension, diabetes, and 
dyslipidemia with all the available tools to prevent future chronic renal 
damage (2).

Author contributions

The author confirms being the sole contributor of this work and 
has approved it for publication.

Funding

This work was supported by the Programa de Especialización en 
Medicina Interna, Facultad de Medicina, Universidad Austral 
de Chile.

Conflict of interest

The author declares that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Popkin, BM, Du, S, Green, WD, Beck, MA, Algaith, T, Herbst, CH, et al. Individuals 

with obesity and COVID-19: a global perspective on the epidemiology and biological 
relationships. Obes Rev. (2020) 21:e13128. doi: 10.1111/obr.13128

 2. Kotsis, V, Martinez, F, Trakatelli, C, and Redon, J. Impact of obesity in kidney 
diseases. Nutrients. (2021) 13:4482. doi: 10.3390/nu13124482

 3. World Health Statistics. Monitoring health for the SDGs, sustainable development 
goals. Geneva: World Health Organization (2021).

 4. Min, J, Zhao, Y, Slivka, L, and Wang, Y. Double burden of diseases worldwide: 
coexistence of undernutrition and overnutrition-related non-communicable chronic 
diseases. Obes Rev. (2018) 19:49–61. doi: 10.1111/obr.12605

 5. Chooi, YC, Ding, C, and Magkos, F. The epidemiology of obesity. Metabolism. 
(2019) 92:6–10. doi: 10.1016/j.metabol.2018.09.005

 6. Foster, MC, Hwang, SJ, Larson, MG, Lichtman, JH, Parikh, NI, Vasan, RS, et al. 
Overweight, obesity, and the development of stage 3 CKD: the Framingham heart study. 
Am J Kidney Dis. (2008) 52:39–48. doi: 10.1053/j.ajkd.2008.03.003

 7. Wang, M, Wang, Z, Chen, Y, and Dong, Y. Kidney damage caused by obesity and 
its feasible treatment drugs. Int J Mol Sci. (2022) 23:747. doi: 10.3390/ijms23020747

 8. He, Q, Xia, B, Liu, A, Li, M, Zhou, Z, Cheung, EC, et al. Association of body 
composition with risk of overall and site-specific cancers: a population-based 
prospective cohort study. Int J Cancer. (2021) 149:1435–47. doi: 10.1002/ijc.33697

 9. Centers for Disease Control and Prevention. Chronic kidney disease in the 
United States. GA: US Department of Health and Human Services (2021).

 10. Flegal, KM, Kruszon-Moran, D, Carroll, MD, Fryar, CD, and Ogden, CL. Trends 
in obesity among adults in the United States, 2005 to 2014. JAMA. (2016) 315:2284–91. 
doi: 10.1001/jama.2016.6458

 11. Lim, CC, Teo, BW, Tai, ES, Lim, SC, Chan, CM, Sethi, S, et al. Elevated serum 
leptin, adiponectin and leptin to adiponectin ratio is associated with chronic kidney 
disease in Asian adults. PLoS One. (2015) 10:e0122009. doi: 10.1371/journal.
pone.0122009

 12. Afshin, A, Forouzanfar, MH, Reitsma, MB, Sur, P, Estep, K, Lee, A, et al. Health 
effects of overweight and obesity in 195 countries over 25 years. N Engl J Med. (2017) 
377:13–27. doi: 10.1056/NEJMoa1614362

 13. Preble, W. Obesity: observations on one thousand cases. Boston Med Surg J. (1923) 
188:617–21. doi: 10.1056/NEJM192304261881701

https://doi.org/10.3389/fmed.2023.1134644
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1111/obr.13128
https://doi.org/10.3390/nu13124482
https://doi.org/10.1111/obr.12605
https://doi.org/10.1016/j.metabol.2018.09.005
https://doi.org/10.1053/j.ajkd.2008.03.003
https://doi.org/10.3390/ijms23020747
https://doi.org/10.1002/ijc.33697
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1371/journal.pone.0122009
https://doi.org/10.1371/journal.pone.0122009
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1056/NEJM192304261881701
Leopoldo
Resaltado



Ardiles 10.3389/fmed.2023.1134644

Frontiers in Medicine 09 frontiersin.org

 14. Hsu, CY, McCulloch, CE, Iribarren, C, Darbinian, J, and Go, AS. Body mass index 
and risk for end-stage renal disease. Ann Intern Med. (2006) 144:21–8. doi: 
10.7326/0003-4819-144-1-200601030-00006

 15. Zitt, E, Pscheidt, C, Concin, H, Kramar, R, Lhotta, K, and Nagel, G. 
Anthropometric and metabolic risk factors for ESRD are disease-specific: results from 
a large population-based cohort study in Austria. PLoS One. (2016) 11:e0161376. doi: 
10.1371/journal.pone.0161376

 16. Alizadeh, S, Esmaeili, H, Alizadeh, M, Daneshzad, E, Sharifi, L, Radfar, H, et al. 
Metabolic phenotypes of obese, overweight, and normal weight individuals and risk of 
chronic kidney disease: a systematic review and meta-analysis. Arch Endocrinol Metab. 
(2019) 63:427–37. doi: 10.20945/2359-3997000000149

 17. Docherty, NG, and le Roux, CW. Bariatric surgery for the treatment of chronic 
kidney disease in obesity and type 2 diabetes mellitus. Nat Rev Nephrol. (2020) 
16:709–20. doi: 10.1038/s41581-020-0323-4

 18. de Vries, AP, Ruggenenti, P, Ruan, XZ, Praga, M, Cruzado, JM, Bajema, IM, et al. 
Fatty kidney: emerging role of ectopic lipid in obesity-related renal disease. Lancet 
Diabetes Endocrinol. (2014) 2:417–26. doi: 10.1016/S2213-8587(14)70065-8

 19. Friedman, AN, Kaplan, LM, le Roux, CW, and Schauer, PR. Management of 
Obesity in adults with CKD. J Am  Soc Nephrol. (2021) 32:777–90. doi: 10.1681/
ASN.2020101472

 20. Garofalo, C, Borrelli, S, Minutolo, R, Chiodini, P, De Nicola, L, and Conte, G. A 
systematic review and meta-analysis suggests obesity predicts onset of chronic kidney 
disease in the general population. Kidney Int. (2017) 91:1224–35. doi: 10.1016/j.
kint.2016.12.013

 21. Druml, W, Metnitz, B, Schaden, E, Bauer, P, and Metnitz, PG. Impact of body mass 
on incidence and prognosis of acute kidney injury requiring renal replacement therapy. 
Intensive Care Med. (2010) 36:1221–8. doi: 10.1007/s00134-010-1844-2

 22. Ejerblad, E, Fored, CM, Lindblad, P, Fryzek, J, McLaughlin, JK, and Nyrén, O. 
Obesity and risk for chronic renal failure. J Am Soc Nephrol. (2006) 17:1695–702. doi: 
10.1681/ASN.2005060638

 23. Bello, AK, de Zeeuw, D, El Nahas, M, Brantsma, AH, Bakker, SJ, de Jong, PE, et al. 
Impact of weight change on albuminuria in the general population. Nephrol Dial 
Transplant. (2007) 22:1619–27. doi: 10.1093/ndt/gfm091

 24. Munkhaugen, J, Lydersen, S, Widerøe, TE, and Hallan, S. Prehypertension, obesity, 
and risk of kidney disease: 20-year follow-up of the HUNT I study in Norway. Am J 
Kidney Dis. (2009) 54:638–46. doi: 10.1053/j.ajkd.2009.03.023

 25. Berthoux, F, Mariat, C, and Maillard, N. Overweight/obesity revisited as a 
predictive risk factor in primary IgA nephropathy. Nephrol Dial Transplant. (2013) 
28:iv160-6. doi: 10.1093/ndt/gft286

 26. Curran, SP, Famure, O, Li, Y, and Kim, SJ. Increased recipient body mass index is 
associated with acute rejection and other adverse outcomes after kidney transplantation. 
Transplantation. (2014) 97:64–70. doi: 10.1097/TP.0b013e3182a688a4

 27. Gross, ML, Amann, K, and Ritz, E. Nephron number and renal risk in hypertension 
and diabetes. J Am Soc Nephrol. (2005) 16:S27–9. doi: 10.1681/asn.2004110967

 28. Gurusinghe, S, Brown, RD, Cai, X, Samuel, CS, Ricardo, SD, Thomas, MC, et al. 
Does a nephron deficit exacerbate the renal and cardiovascular effects of obesity? PLoS 
One. (2013) 8:e73095. doi: 10.1371/journal.pone.0073095

 29. Tsuboi, N, Koike, K, Hirano, K, Utsunomiya, Y, Kawamura, T, and Hosoya, T. 
Clinical features and long-term renal outcomes of Japanese patients with obesity-
related glomerulopathy. Clin Exp Nephrol. (2013) 17:379–85. doi: 10.1007/
s10157-012-0719-y

 30. Kambham, N, Markowitz, GS, Valeri, AM, Lin, J, and D'Agati, VD. Obesity-related 
glomerulopathy: an emerging epidemic. Kidney Int. (2001) 59:1498–509. doi: 10.1046/j.
1523-1755.2001.0590041498.x

 31. Tobar, A, Ori, Y, Benchetrit, S, Milo, G, Herman-Edelstein, M, Zingerman, B, et al. 
Proximal tubular hypertrophy and enlarged glomerular and proximal tubular urinary 
space in obese subjects with proteinuria. PLoS One. (2013) 8:e75547. doi: 10.1371/
journal.pone.0075547

 32. Vallon, V, and Thomson, SC. Renal function in diabetic disease models: the tubular 
system in the pathophysiology of the diabetic kidney. Annu Rev Physiol. (2012) 
74:351–75. doi: 10.1146/annurev-physiol-020911-153333

 33. Declèves, AE, Zolkipli, Z, Satriano, J, Wang, L, Nakayama, T, Rogac, M, et al. 
Regulation of lipid accumulation by AMP-activated kinase [corrected] in high fat diet-
induced kidney injury. Kidney Int. (2014) 85:611–23. doi: 10.1038/ki.2013.462

 34. Martin-Taboada, M, Vila-Bedmar, R, and Medina-Gómez, G. From obesity to 
chronic kidney disease: how can adipose tissue affect renal function? Nephron. (2021) 
145:609–13. doi: 10.1159/000515418

 35. Richard, AJ, White, U, Elks, CM and Stephens, JM. Adipose tissue: Physiology to 
metabolic dysfunction In: KR Feingold, B Anawalt and A Boyce et al, editors. Endotext. 
South Dartmouth (MA): MDText.com, Inc. (2000)

 36. Cannon, B, and Nedergaard, J. Brown adipose tissue: function and physiological 
significance. Physiol Rev. (2004) 84:277–359. doi: 10.1152/physrev.00015.2003

 37. Adair, KE, Bowden, RG, Funderburk, LK, Forsse, JS, and Ylitalo, KR. Metabolic 
health, obesity, and renal function: 2013-2018 National Health and nutrition 
examination surveys. Life. (2021) 11:888. doi: 10.3390/life11090888

 38. Foster, MC, Hwang, SJ, Porter, SA, Massaro, JM, Hoffmann, U, and Fox, CS. Fatty 
kidney, hypertension, and chronic kidney disease: the Framingham heart study. 
Hypertension. (2011) 58:784–90. doi: 10.1161/HYPERTENSIONAHA.111.175315

 39. Yim, HE, and Yoo, KH. Obesity and chronic kidney disease: prevalence, 
mechanism, and management. Clin Exp Pediatr. (2021) 64:511–8. doi: 10.3345/
cep.2021.00108

 40. Reilly, SM, and Saltiel, AR. Adapting to obesity with adipose tissue inflammation. 
Nat Rev Endocrinol. (2017) 13:633–43. doi: 10.1038/nrendo.2017.90

 41. Stienstra, R, Tack, J, Cees, KT-D, Joosten, AB, and Leo, NG. The Inflammasome 
puts obesity in the danger zone. Cell Metab. (2012) 15:10–8. doi: 10.1016/j.
cmet.2011.10.011

 42. Antonioli, L, Moriconi, D, Masi, S, Bottazzo, D, Pellegrini, C, Fornai, M, et al. 
Differential impact of weight loss and glycemic control on Inflammasome signaling. 
Obesity. (2020) 28:609–15. doi: 10.1002/oby.22734

 43. Moriconi, D, Antonioli, L, Masi, S, Bellini, R, Pellegrini, C, Rebelos, E, et al. 
Glomerular hyperfiltration in morbid obesity: role of the inflammasome signalling. 
Nephrology. (2022) 27:673–80. doi: 10.1111/nep.14077

 44. Kieffer, TJ, and Habener, JF. The adipoinsular axis: effects of leptin on pancreatic 
beta-cells. Am J Physiol Endocrinol Metab. (2000) 278:E1–E14. doi: 10.1152/
ajpendo.2000.278.1.E1

 45. Tesauro, M, Mascali, A, Franzese, O, Cipriani, S, Cardillo, C, and Di Daniele, N. 
Chronic kidney disease, obesity, and hypertension: the role of leptin and adiponectin. 
Int J Hypertens. (2012) 2012:943605:1–7. doi: 10.1155/2012/943605

 46. Shargorodsky, M, Boaz, M, Goldberg, Y, Matas, Z, Gavish, D, Fux, A, et al. 
Adiponectin and vascular properties in obese patients: is it a novel biomarker of early 
atherosclerosis? Int J Obes. (2009) 33:553–8. doi: 10.1038/ijo.2009.37

 47. Morales, E, Porrini, E, Martin-Taboada, M, Luis-Lima, S, Vila-Bedmar, R, 
González de Pablos, I, et al. Renoprotective role of bariatric surgery in patients with 
established chronic kidney disease. Clin Kidney J. (2021) 14:2037–46. doi: 10.1093/ckj/
sfaa266

 48. Yano, Y, Hoshide, S, Ishikawa, J, Hashimoto, T, Eguchi, K, Shimada, K, et al. 
Differential impacts of adiponectin on low-grade albuminuria between obese and 
nonobese persons without diabetes. J Clin Hypertens. (2007) 9:775–82. doi: 
10.1111/j.1524-6175.2007.07321.x

 49. Kollerits, B, Fliser, D, Heid, IM, Ritz, E, and Kronenberg, FGroup MS. Gender-
specific association of adiponectin as a predictor of progression of chronic kidney 
disease: the mild to moderate kidney disease study. Kidney Int. (2007) 71:1279–86. doi: 
10.1038/sj.ki.5002191

 50. Yiannikouris, F, Gupte, M, Putnam, K, Thatcher, S, Charnigo, R, Rateri, DL, et al. 
Adipocyte deficiency of angiotensinogen prevents obesity-induced hypertension in male 
mice. Hypertension. (2012) 60:1524–30. doi: 10.1161/HYPERTENSIONAHA.112.192690

 51. Ravussin, E, and Smith, SR. Increased fat intake, impaired fat oxidation, and 
failure of fat cell proliferation result in ectopic fat storage, insulin resistance, and type 
2 diabetes mellitus. Ann N Y Acad Sci. (2002) 967:363–78. doi: 
10.1111/j.1749-6632.2002.tb04292.x

 52. Thomas, MC, Brownlee, M, Susztak, K, Sharma, K, Jandeleit-Dahm, KA, 
Zoungas, S, et al. Diabetic kidney disease. Nat Rev Dis Primers. (2015) 1:15018. doi: 
10.1038/nrdp.2015.18

 53. Spurny, M, Jiang, Y, Sowah, SA, Nonnenmacher, T, Schübel, R, Kirsten, R, et al. 
Changes in kidney fat upon dietary-induced weight loss. Nutrients. (2022) 14:1437. doi: 
10.3390/nu14071437

 54. Martínez-Montoro, JI, Morales, E, Cornejo-Pareja, I, Tinahones, FJ, and 
Fernández-García, JC. Obesity-related glomerulopathy: current approaches and future 
perspectives. Obes Rev. (2022) 23:e13450. doi: 10.1111/obr.13450

 55. Lautenbach, A, Wienecke, JW, Stoll, F, Riedel, N, Mann, O, Huber, TB, et al. 
Bariatric surgery is protective against renal function decline in severely obese patients 
in the long-term. Obes Surg. (2021) 31:1038–45. doi: 10.1007/s11695-020-05096-w

 56. Funes, DR, Blanco, DG, Hong, L, Lo Menzo, E, Szomstein, S, and Rosenthal, RJ. 
Prevalence of chronic kidney disease and end-stage renal disease in a bariatric versus 
nonbariatric population: a retrospective analysis of the U.S. National Inpatient Sample 
database. Surg Obes Relat Dis. (2022) 18:281–7. doi: 10.1016/j.soard.2021.09.021

 57. Xu, H, Kuja-Halkola, R, Chen, X, Magnusson, PKE, Svensson, P, and Carrero, JJ. 
Higher body mass index is associated with incident diabetes and chronic kidney disease 
independent of genetic confounding. Kidney Int. (2019) 95:1225–33. doi: 10.1016/j.
kint.2018.12.019

 58. Friedman, AN. Obesity in CKD: a promising path forward. Clin J Am Soc Nephrol. 
(2022) 17:1817–9. doi: 10.2215/CJN.09150822

 59. Chintam, K, and Chang, AR. Strategies to treat obesity in patients with CKD. Am 
J Kidney Dis. (2021) 77:427–39. doi: 10.1053/j.ajkd.2020.08.016

 60. García-Carro, C, Vergara, A, Bermejo, S, Azancot, MA, Sellarés, J, and Soler, MJ. 
A nephrologist perspective on obesity: from kidney injury to clinical management. Front 
Med. (2021) 8:655871. doi: 10.3389/fmed.2021.655871

 61. Herman-Edelstein, M, Weinstein, T, and Chagnac, A. Obesity-related 
Glomerulopathy: clinical management. Semin Nephrol. (2021) 41:358–70. doi: 10.1016/j.
semnephrol.2021.06.007

https://doi.org/10.3389/fmed.2023.1134644
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.7326/0003-4819-144-1-200601030-00006
https://doi.org/10.1371/journal.pone.0161376
https://doi.org/10.20945/2359-3997000000149
https://doi.org/10.1038/s41581-020-0323-4
https://doi.org/10.1016/S2213-8587(14)70065-8
https://doi.org/10.1681/ASN.2020101472
https://doi.org/10.1681/ASN.2020101472
https://doi.org/10.1016/j.kint.2016.12.013
https://doi.org/10.1016/j.kint.2016.12.013
https://doi.org/10.1007/s00134-010-1844-2
https://doi.org/10.1681/ASN.2005060638
https://doi.org/10.1093/ndt/gfm091
https://doi.org/10.1053/j.ajkd.2009.03.023
https://doi.org/10.1093/ndt/gft286
https://doi.org/10.1097/TP.0b013e3182a688a4
https://doi.org/10.1681/asn.2004110967
https://doi.org/10.1371/journal.pone.0073095
https://doi.org/10.1007/s10157-012-0719-y
https://doi.org/10.1007/s10157-012-0719-y
https://doi.org/10.1046/j.1523-1755.2001.0590041498.x
https://doi.org/10.1046/j.1523-1755.2001.0590041498.x
https://doi.org/10.1371/journal.pone.0075547
https://doi.org/10.1371/journal.pone.0075547
https://doi.org/10.1146/annurev-physiol-020911-153333
https://doi.org/10.1038/ki.2013.462
https://doi.org/10.1159/000515418
https://doi.org/10.1152/physrev.00015.2003
https://doi.org/10.3390/life11090888
https://doi.org/10.1161/HYPERTENSIONAHA.111.175315
https://doi.org/10.3345/cep.2021.00108
https://doi.org/10.3345/cep.2021.00108
https://doi.org/10.1038/nrendo.2017.90
https://doi.org/10.1016/j.cmet.2011.10.011
https://doi.org/10.1016/j.cmet.2011.10.011
https://doi.org/10.1002/oby.22734
https://doi.org/10.1111/nep.14077
https://doi.org/10.1152/ajpendo.2000.278.1.E1
https://doi.org/10.1152/ajpendo.2000.278.1.E1
https://doi.org/10.1155/2012/943605
https://doi.org/10.1038/ijo.2009.37
https://doi.org/10.1093/ckj/sfaa266
https://doi.org/10.1093/ckj/sfaa266
https://doi.org/10.1111/j.1524-6175.2007.07321.x
https://doi.org/10.1038/sj.ki.5002191
https://doi.org/10.1161/HYPERTENSIONAHA.112.192690
https://doi.org/10.1111/j.1749-6632.2002.tb04292.x
https://doi.org/10.1038/nrdp.2015.18
https://doi.org/10.3390/nu14071437
https://doi.org/10.1111/obr.13450
https://doi.org/10.1007/s11695-020-05096-w
https://doi.org/10.1016/j.soard.2021.09.021
https://doi.org/10.1016/j.kint.2018.12.019
https://doi.org/10.1016/j.kint.2018.12.019
https://doi.org/10.2215/CJN.09150822
https://doi.org/10.1053/j.ajkd.2020.08.016
https://doi.org/10.3389/fmed.2021.655871
https://doi.org/10.1016/j.semnephrol.2021.06.007
https://doi.org/10.1016/j.semnephrol.2021.06.007


Ardiles 10.3389/fmed.2023.1134644

Frontiers in Medicine 10 frontiersin.org

 62. Group LAR. 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) 2:801–9. 
doi: 10.1016/S2213-8587(14)70156-1

 63. Morales, E, Valero, MA, León, M, Hernández, E, and Praga, M. Beneficial effects 
of weight loss in overweight patients with chronic proteinuric nephropathies. Am J 
Kidney Dis. (2003) 41:319–27. doi: 10.1053/ajkd.2003.50039

 64. Friedman, AN, Chambers, M, Kamendulis, LM, and Temmerman, J. Short-term 
changes after a weight reduction intervention in advanced diabetic nephropathy. Clin J 
Am Soc Nephrol. (2013) 8:1892–8. doi: 10.2215/CJN.04010413

 65. Navaneethan, SD, Yehnert, H, Moustarah, F, Schreiber, MJ, Schauer, PR, and 
Beddhu, S. Weight loss interventions in chronic kidney disease: a systematic review and 
meta-analysis. Clin J Am Soc Nephrol. (2009) 4:1565–74. doi: 10.2215/CJN.02250409

 66. Miller, CK, Nagaraja, HN, Cheavens, J, Fujita, K, and Lazarus, S. Impact of a novel 
diabetes prevention intervention for early slow weight loss responders among adults with 
prediabetes: an adaptive trial. Diabetes Care. (2022) 45:2452–5. doi: 10.2337/dc22-0824

 67. Knight, EL, Stampfer, MJ, Hankinson, SE, Spiegelman, D, and Curhan, GC. The 
impact of protein intake on renal function decline in women with normal renal function 
or mild renal insufficiency. Ann Intern Med. (2003) 138:460–7. doi: 
10.7326/0003-4819-138-6-200303180-00009

 68. Kang, JG, and Park, CY. Anti-obesity drugs: a review about their effects and safety. 
Diabetes Metab J. (2012) 36:13–25. doi: 10.4093/dmj.2012.36.1.13

 69. Chen, Y, Dabbas, W, Gangemi, A, Benedetti, E, Lash, J, Finn, PW, et al. Obesity 
management and chronic kidney disease. Semin Nephrol. (2021) 41:392–402. doi: 
10.1016/j.semnephrol.2021.06.010

 70. Saeed, K, Ahmed, L, Suman, P, Gray, S, Khan, K, DePaz, H, et al. Bariatric surgery 
improves renal function: a large Inner-City population outcome study. Obes Surg. (2021) 
31:260–6. doi: 10.1007/s11695-020-04909-2

 71. Salminen, P, Helmiö, M, Ovaska, J, Juuti, A, Leivonen, M, Peromaa-Haavisto, P, 
et al. Effect of laparoscopic sleeve gastrectomy vs laparoscopic Roux-en-Y gastric bypass 
on weight loss at 5 years among patients with morbid obesity: the SLEEVEPASS 
randomized clinical trial. JAMA. (2018) 319:241–54. doi: 10.1001/jama.2017.20313

 72. David, H, and Yvonne, M. Bariatric surgery: making the right decision In: D 
Haslam, MS Capehorn and A Malhotra, editors. Bariatric surgery in clinical practice. In 
clinical practice. Switzerland: Springer Nature (2022). 159–68.

 73. Arterburn, DE, Telem, DA, Kushner, RF, and Courcoulas, AP. Benefits and risks 
of bariatric surgery in adults: a review. JAMA. (2020) 324:879–87. doi: 10.1001/
jama.2020.12567

 74. Puzziferri, N, Roshek, TB, Mayo, HG, Gallagher, R, Belle, SH, and Livingston, EH. 
Long-term follow-up after bariatric surgery: a systematic review. JAMA. (2014) 
312:934–42. doi: 10.1001/jama.2014.10706

 75. Schauer, PR, Bhatt, DL, Kirwan, JP, Wolski, K, Brethauer, SA, Navaneethan, SD, 
et al. Bariatric surgery versus intensive medical therapy for diabetes--3-year outcomes. 
N Engl J Med. (2014) 370:2002–13. doi: 10.1056/NEJMoa1401329

 76. le Roux, CW, and Heneghan, HM. Bariatric surgery for obesity. Med Clin North 
Am. (2018) 102:165–82. doi: 10.1016/j.mcna.2017.08.011

 77. Doty, JM, Saggi, BH, Sugerman, HJ, Blocher, CR, Pin, R, Fakhry, I, et al. Effect of 
increased renal venous pressure on renal function. J Trauma. (1999) 47:1000–3. doi: 
10.1097/00005373-199912000-00002

 78. Friedman, AN. Implications and Management of Obesity in kidney disease In: LD 
Byham-Gray, JD Burrowes and GM Chertow, editors. Nutrition in kidney disease. 
Totowa, NJ: Humana Press (2014). 147–69.

 79. Sheu, EG, Channick, R, and Gee, DW. Improvement in severe pulmonary 
hypertension in obese patients after laparoscopic gastric bypass or sleeve gastrectomy. 
Surg Endosc. (2016) 30:633–7. doi: 10.1007/s00464-015-4251-5

 80. Peromaa-Haavisto, P, Tuomilehto, H, Kössi, J, Virtanen, J, Luostarinen, M, 
Pihlajamäki, J, et al. Obstructive sleep apnea: the effect of bariatric surgery after 12 
months. A prospective multicenter trial. Sleep Med. (2017) 35:85–90. doi: 10.1016/j.
sleep.2016.12.017

 81. Samson, R, Milligan, G, Lewine, E, Sindi, F, Garagliano, J, Fernandez, C, et al. 
Effect of sleeve gastrectomy on hypertension. J Am Soc Hypertens. (2018) 12:e19–25. doi: 
10.1016/j.jash.2018.09.007

 82. Wang, C, He, B, Piao, D, and Han, P. Roux-en-Y Esophagojejunostomy ameliorates 
renal function through reduction of renal inflammatory and fibrotic markers in diabetic 
nephropathy. Obes Surg. (2016) 26:1402–13. doi: 10.1007/s11695-015-1947-5

 83. Vangoitsenhoven, R, Mulya, A, Mosinski, JD, Brethauer, SA, Schauer, PR, 
Kirwan, JP, et al. Effects of gastric bypass surgery on expression of glucose transporters 
and fibrotic biomarkers in kidney of diabetic fatty rats. Surg Obes Relat Dis. (2020) 
16:1242–8. doi: 10.1016/j.soard.2020.04.017

 84. Bilha, SC, Nistor, I, Nedelcu, A, Kanbay, M, Scripcariu, V, Timofte, D, et al. The 
effects of bariatric surgery on renal outcomes: a systematic review and meta-analysis. 
Obes Surg. (2018) 28:3815–33. doi: 10.1007/s11695-018-3416-4

 85. Chang, AR, Chen, Y, Still, C, Wood, GC, Kirchner, HL, Lewis, M, et al. Bariatric 
surgery is associated with improvement in kidney outcomes. Kidney Int. (2016) 
90:164–71. doi: 10.1016/j.kint.2016.02.039

 86. Chang, AR, Grams, ME, and Navaneethan, SD. Bariatric surgery and kidney-
related outcomes. Kidney Int Rep. (2017) 2:261–70. doi: 10.1016/j.ekir.2017.01.010

 87. Bröchner-Mortensen, J. A simple method for the determination of glomerular 
filtration rate. Scand J Clin Lab Invest. (1972) 30:271–4. doi: 10.3109/00365517209084290

 88. Navaneethan, SD, Malin, SK, Arrigain, S, Kashyap, SR, Kirwan, JP, and Schauer, PR. 
Bariatric surgery, kidney function, insulin resistance, and adipokines in patients with 
decreased GFR: a cohort study. Am J Kidney Dis. (2015) 65:345–7. doi: 10.1053/j.
ajkd.2014.09.018

 89. López-Martínez, M, Luis-Lima, S, Morales, E, Navarro-Díaz, M, Negrín-Mena, N, 
Folgueras, T, et al. The estimation of GFR and the adjustment for BSA in overweight and 
obesity: a dreadful combination of two errors. Int J Obes. (2020) 44:1129–40. doi: 
10.1038/s41366-019-0476-z

 90. Friedman, AN, Moe, S, Fadel, WF, Inman, M, Mattar, SG, Shihabi, Z, et al. 
Predicting the glomerular filtration rate in bariatric surgery patients. Am J Nephrol. 
(2014) 39:8–15. doi: 10.1159/000357231

 91. Chang, A, Greene, TH, Wang, X, Kendrick, C, Kramer, H, Wright, J, et al. The 
effects of weight change on glomerular filtration rate. Nephrol Dial Transplant. (2015) 
30:1870–7. doi: 10.1093/ndt/gfv219

 92. Lee, Y, Anvari, S, Chu, MM, Lovrics, O, Khondker, A, Malhan, R, et al. 
Improvement of kidney function in patients with chronic kidney disease and severe 
obesity after bariatric surgery: a systematic review and meta-analysis. Nephrology. (2022) 
27:44–56. doi: 10.1111/nep.13958

 93. Juodeikis, Ž, and Brimas, G. Long-term results after sleeve gastrectomy: a 
systematic review. Surg Obes Relat Dis. (2017) 13:693–9. doi: 10.1016/j.
soard.2016.10.006

 94. Friedman, AN, Wahed, AS, Wang, J, Courcoulas, AP, Dakin, G, Hinojosa, MW, 
et al. Effect of bariatric surgery on CKD risk. J Am Soc Nephrol. (2018) 29:1289–300. doi: 
10.1681/ASN.2017060707

 95. Scheurlen, KM, Probst, P, Kopf, S, Nawroth, PP, Billeter, AT, and Müller-Stich, BP. 
Metabolic surgery improves renal injury independent of weight loss: a meta-analysis. 
Surg Obes Relat Dis. (2019) 15:1006–20. doi: 10.1016/j.soard.2019.03.013

 96. Inge, TH, Courcoulas, AP, Jenkins, TM, Michalsky, MP, Helmrath, MA, 
Brandt, ML, et al. Weight loss and health status 3 years after bariatric surgery in 
adolescents. N Engl J Med. (2016) 374:113–23. doi: 10.1056/NEJMoa1506699

 97. Shulman, A, Peltonen, M, Sjöström, CD, Andersson-Assarsson, JC, Taube, M, 
Sjöholm, K, et al. Incidence of end-stage renal disease following bariatric surgery in the 
Swedish obese subjects study. Int J Obes. (2018) 42:964–73. doi: 10.1038/
s41366-018-0045-x

 98. Funes, DR, Blanco, DG, Gómez, CO, Frieder, JS, Menzo, EL, Szomstein, S, et al. 
Metabolic surgery reduces the risk of progression from chronic kidney disease to kidney 
failure. Ann Surg. (2019) 270:511–8. doi: 10.1097/SLA.0000000000003456

 99. Fischer, H, Weiss, RE, Friedman, AN, Imam, TH, and Coleman, KJ. The 
relationship between kidney function and body mass index before and after bariatric 
surgery in patients with chronic kidney disease. Surg Obes Relat Dis. (2021) 17:508–15. 
doi: 10.1016/j.soard.2020.11.010

 100. Carlsson, LM, Romeo, S, Jacobson, P, Burza, MA, Maglio, C, Sjöholm, K, et al. 
The incidence of albuminuria after bariatric surgery and usual care in Swedish obese 
subjects (SOS): a prospective controlled intervention trial. Int J Obes. (2015) 39:169–75. 
doi: 10.1038/ijo.2014.72

 101. Hou, CC, Shyu, RS, Lee, WJ, Ser, KH, Lee, YC, and Chen, SC. Improved renal 
function 12 months after bariatric surgery. Surg Obes Relat Dis. (2013) 9:202–6. doi: 
10.1016/j.soard.2012.10.005

 102. Levey, AS, Gansevoort, RT, Coresh, J, Inker, LA, Heerspink, HL, Grams, ME, et al. 
Change in albuminuria and GFR as end points for clinical trials in early stages of CKD: 
a scientific workshop sponsored by the National Kidney Foundation in collaboration 
with the US Food and Drug Administration and European medicines agency. Am J 
Kidney Dis. (2020) 75:84–104. doi: 10.1053/j.ajkd.2019.06.009

 103. Barzin, M, Mousapour, P, Khalaj, A, Mahdavi, M, Valizadeh, M, and 
Hosseinpanah, F. The relationship between preoperative kidney function and weight loss 
after bariatric surgery in patients with estimated glomerular filtration rate ≥ 30 mL/min: 
Tehran obesity treatment study. Obes Surg. (2020) 30:1859–65. doi: 10.1007/
s11695-020-04407-5

 104. Hansel, B, Arapis, K, Kadouch, D, Ledoux, S, Coupaye, M, Msika, S, et al. Severe 
chronic kidney disease is associated with a lower efficiency of bariatric surgery. Obes 
Surg. (2019) 29:1514–20. doi: 10.1007/s11695-019-03703-z

 105. Saleh, F, Kim, SJ, Okrainec, A, and Jackson, TD. Bariatric surgery in patients with 
reduced kidney function: an analysis of short-term outcomes. Surg Obes Relat Dis. 
(2015) 11:828–35. doi: 10.1016/j.soard.2014.11.012

 106. Capizzi, I, Teta, L, Vigotti, FN, Tognarelli, G, Consiglio, V, Scognamiglio, S, et al. 
Weight loss in advanced chronic kidney disease: should we consider individualised, 
qualitative, ad libitum diets? A narrative review and case study. Nutrients. (2017) 9:1109. 
doi: 10.3390/nu9101109

 107. Fleischmann, E, Teal, N, Dudley, J, May, W, Bower, JD, and Salahudeen, AK. 
Influence of excess weight on mortality and hospital stay in 1346 hemodialysis patients. 
Kidney Int. (1999) 55:1560–7. doi: 10.1046/j.1523-1755.1999.00389.x

https://doi.org/10.3389/fmed.2023.1134644
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S2213-8587(14)70156-1
https://doi.org/10.1053/ajkd.2003.50039
https://doi.org/10.2215/CJN.04010413
https://doi.org/10.2215/CJN.02250409
https://doi.org/10.2337/dc22-0824
https://doi.org/10.7326/0003-4819-138-6-200303180-00009
https://doi.org/10.4093/dmj.2012.36.1.13
https://doi.org/10.1016/j.semnephrol.2021.06.010
https://doi.org/10.1007/s11695-020-04909-2
https://doi.org/10.1001/jama.2017.20313
https://doi.org/10.1001/jama.2020.12567
https://doi.org/10.1001/jama.2020.12567
https://doi.org/10.1001/jama.2014.10706
https://doi.org/10.1056/NEJMoa1401329
https://doi.org/10.1016/j.mcna.2017.08.011
https://doi.org/10.1097/00005373-199912000-00002
https://doi.org/10.1007/s00464-015-4251-5
https://doi.org/10.1016/j.sleep.2016.12.017
https://doi.org/10.1016/j.sleep.2016.12.017
https://doi.org/10.1016/j.jash.2018.09.007
https://doi.org/10.1007/s11695-015-1947-5
https://doi.org/10.1016/j.soard.2020.04.017
https://doi.org/10.1007/s11695-018-3416-4
https://doi.org/10.1016/j.kint.2016.02.039
https://doi.org/10.1016/j.ekir.2017.01.010
https://doi.org/10.3109/00365517209084290
https://doi.org/10.1053/j.ajkd.2014.09.018
https://doi.org/10.1053/j.ajkd.2014.09.018
https://doi.org/10.1038/s41366-019-0476-z
https://doi.org/10.1159/000357231
https://doi.org/10.1093/ndt/gfv219
https://doi.org/10.1111/nep.13958
https://doi.org/10.1016/j.soard.2016.10.006
https://doi.org/10.1016/j.soard.2016.10.006
https://doi.org/10.1681/ASN.2017060707
https://doi.org/10.1016/j.soard.2019.03.013
https://doi.org/10.1056/NEJMoa1506699
https://doi.org/10.1038/s41366-018-0045-x
https://doi.org/10.1038/s41366-018-0045-x
https://doi.org/10.1097/SLA.0000000000003456
https://doi.org/10.1016/j.soard.2020.11.010
https://doi.org/10.1038/ijo.2014.72
https://doi.org/10.1016/j.soard.2012.10.005
https://doi.org/10.1053/j.ajkd.2019.06.009
https://doi.org/10.1007/s11695-020-04407-5
https://doi.org/10.1007/s11695-020-04407-5
https://doi.org/10.1007/s11695-019-03703-z
https://doi.org/10.1016/j.soard.2014.11.012
https://doi.org/10.3390/nu9101109
https://doi.org/10.1046/j.1523-1755.1999.00389.x


Ardiles 10.3389/fmed.2023.1134644

Frontiers in Medicine 11 frontiersin.org

 108. Kalantar-Zadeh, K, Block, G, Humphreys, MH, and Kopple, JD. Reverse 
epidemiology of cardiovascular risk factors in maintenance dialysis patients. Kidney Int. 
(2003) 63:793–808. doi: 10.1046/j.1523-1755.2003.00803.x

 109. Pommer, W. Preventive nephrology: the role of obesity in different stages of 
chronic kidney disease. Kidney Dis. (2018) 4:199–204. doi: 10.1159/000490247

 110. Segev, DL, Simpkins, CE, Thompson, RE, Locke, JE, Warren, DS, and 
Montgomery, RA. Obesity impacts access to kidney transplantation. J Am Soc Nephrol. 
(2008) 19:349–55. doi: 10.1681/ASN.2007050610

 111. Ahmadi, SF, Zahmatkesh, G, Streja, E, Molnar, MZ, Rhee, CM, Kovesdy, CP, et al. 
Body mass index and mortality in kidney transplant recipients: a systematic review and 
meta-analysis. Am J Nephrol. (2014) 40:315–24. doi: 10.1159/000367812

 112. Tran, MH, Foster, CE, Kalantar-Zadeh, K, and Ichii, H. Kidney transplantation 
in obese patients. World J Transplant. (2016) 6:135–43. doi: 10.5500/wjt.v6.i1.135

 113. Coleman, KJ, Shu, YH, Fischer, H, Johnson, E, Yoon, TK, Taylor, B, et al. Bariatric 
surgery and risk of death in persons with chronic kidney disease. Ann Surg. (2022) 
276:e784–91. doi: 10.1097/SLA.0000000000004851

 114. Kuo, JH, Wong, MS, Perez, RV, Li, CS, Lin, TC, and Troppmann, C. Renal 
transplant wound complications in the modern era of obesity. J Surg Res. (2012) 
173:216–23. doi: 10.1016/j.jss.2011.05.030

 115. Freeman, CM, Woodle, ES, Shi, J, Alexander, JW, Leggett, PL, Shah, SA, et al. 
Addressing morbid obesity as a barrier to renal transplantation with laparoscopic sleeve 
gastrectomy. Am J Transplant. (2015) 15:1360–8. doi: 10.1111/ajt.13166

 116. Veroux, M, Mattone, E, Cavallo, M, Gioco, R, Corona, D, Volpicelli, A, et al. 
Obesity and bariatric surgery in kidney transplantation: a clinical review. World J 
Diabetes. (2021) 12:1563–75. doi: 10.4239/wjd.v12.i9.1563

 117. Ashby, VB, Leichtman, AB, Rees, MA, Song, PX, Bray, M, Wang, W, et al. A 
kidney graft survival calculator that accounts for mismatches in age, sex, HLA, and body 
size. Clin J Am Soc Nephrol. (2017) 12:1148–60. doi: 10.2215/CJN.09330916

 118. Vega, J, Huidobro, EJP, De La Barra, S, and Haro, D. Influence of weight gain 
during the first year after kidney transplantation in the survival of grafts and patients. 
Rev Med Chil. (2015) 143:961–70. doi: 10.4067/S0034-98872015000800001

 119. Fang, Y, Outmani, L, de Joode, AAE, Kimenai, H, Roodnat, JIT, JWH, H, et al. 
Bariatric surgery before and after kidney transplant: a propensity score-matched 
analysis. Surg Obes Relat Dis. (2022). doi: 10.1016/j.soard.2022.11.010. [Epub ahead 
of print].

 120. Al-Bahri, S, Fakhry, TK, Gonzalvo, JP, and Murr, MM. Bariatric surgery as a 
bridge to renal transplantation in patients with end-stage renal disease. Obes Surg. 
(2017) 27:2951–5. doi: 10.1007/s11695-017-2722-6

 121. Turgeon, NA, Perez, S, Mondestin, M, Davis, SS, Lin, E, Tata, S, et al. The impact 
of renal function on outcomes of bariatric surgery. J Am Soc Nephrol. (2012) 23:885–94. 
doi: 10.1681/ASN.2011050476

 122. Friedman, AN, and Cohen, RV. Bariatric surgery as a renoprotective intervention. 
Curr Opin Nephrol Hypertens. (2019) 28:537–44. doi: 10.1097/MNH.0000000000000539

 123. Sandino, J, Cordero Garcia-Galán, L, Aubert Girbal, L, Praga, M, Pascual, J, and 
Morales, E. Anything new in the treatment of obesity in obese patients with CKD? 
Nephron. (2022) 146:616–23. doi: 10.1159/000524201

 124. Cohen, JB, Tewksbury, CM, Torres Landa, S, Williams, NN, and Dumon, KR. 
National Postoperative Bariatric Surgery Outcomes in patients with chronic kidney 
disease and end-stage kidney disease. Obes Surg. (2019) 29:975–82. doi: 10.1007/
s11695-018-3604-2

 125. Carvalho Silveira, F, Martin, WP, Maranga, G, le Roux, CW, and Ren-Fielding, CJ. 
The impact of CKD on perioperative risk and mortality after bariatric surgery. 
Kidney360. (2021) 2:236–44. doi: 10.34067/KID.0004832020

 126. Nor Hanipah, Z, Punchai, S, Augustin, T, Brethauer, SA, Schauer, PR, and 
Aminian, A. Impact of early Postbariatric surgery acute kidney injury on long-term 
renal function. Obes Surg. (2018) 28:3580–5. doi: 10.1007/s11695-018-3398-2

 127. Collazo-Clavell, ML, and Shah, M. Common and rare complications of bariatric 
surgery. Endocrinol Metab Clin N Am. (2020) 49:329–46. doi: 10.1016/j.ecl.2020.02.003

 128. Fink, J, Seifert, G, Blüher, M, Fichtner-Feigl, S, and Marjanovic, G. Obesity 
surgery. Dtsch Arztebl Int. (2022) 119:70–80. doi: 10.3238/arztebl.m2021.0359

 129. Sarwer, DB, Wadden, TA, Ashare, RL, Spitzer, JC, McCuen-Wurst, C, LaGrotte, C, 
et al. Psychopathology, disordered eating, and impulsivity in patients seeking bariatric 
surgery. Surg Obes Relat Dis. (2021) 17:516–24. doi: 10.1016/j.soard.2020.11.005

 130. Kalarchian, MA, King, WC, Devlin, MJ, Hinerman, A, Marcus, MD, Yanovski, SZ, 
et al. Mental disorders and weight change in a prospective study of bariatric surgery 
patients: 7 years of follow-up. Surg Obes Relat Dis. (2019) 15:739–48. doi: 10.1016/j.
soard.2019.01.008

 131. Gordon, KH, King, WC, White, GE, Belle, SH, Courcoulas, AP, Ebel, FE, et al. A 
longitudinal examination of suicide-related thoughts and behaviors among bariatric 
surgery patients. Surg Obes Relat Dis. (2019) 15:269–78. doi: 10.1016/j.soard.2018.12.001

 132. Potrykus, M, Czaja-Stolc, S, Małgorzewicz, S, Proczko-Stepaniak, M, and 
Dębska-Ślizień, A. Diet Management of Patients with chronic kidney disease in bariatric 
surgery. Nutrients. (2022) 15:165. doi: 10.3390/nu15010165

 133. Adams, TD, Gress, RE, Smith, SC, Halverson, RC, Simper, SC, Rosamond, WD, 
et al. Long-term mortality after gastric bypass surgery. N Engl J Med. (2007) 357:753–61. 
doi: 10.1056/NEJMoa066603

https://doi.org/10.3389/fmed.2023.1134644
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1046/j.1523-1755.2003.00803.x
https://doi.org/10.1159/000490247
https://doi.org/10.1681/ASN.2007050610
https://doi.org/10.1159/000367812
https://doi.org/10.5500/wjt.v6.i1.135
https://doi.org/10.1097/SLA.0000000000004851
https://doi.org/10.1016/j.jss.2011.05.030
https://doi.org/10.1111/ajt.13166
https://doi.org/10.4239/wjd.v12.i9.1563
https://doi.org/10.2215/CJN.09330916
https://doi.org/10.4067/S0034-98872015000800001
https://doi.org/10.1016/j.soard.2022.11.010
https://doi.org/10.1007/s11695-017-2722-6
https://doi.org/10.1681/ASN.2011050476
https://doi.org/10.1097/MNH.0000000000000539
https://doi.org/10.1159/000524201
https://doi.org/10.1007/s11695-018-3604-2
https://doi.org/10.1007/s11695-018-3604-2
https://doi.org/10.34067/KID.0004832020
https://doi.org/10.1007/s11695-018-3398-2
https://doi.org/10.1016/j.ecl.2020.02.003
https://doi.org/10.3238/arztebl.m2021.0359
https://doi.org/10.1016/j.soard.2020.11.005
https://doi.org/10.1016/j.soard.2019.01.008
https://doi.org/10.1016/j.soard.2019.01.008
https://doi.org/10.1016/j.soard.2018.12.001
https://doi.org/10.3390/nu15010165
https://doi.org/10.1056/NEJMoa066603

	Obesity and renal disease: Benefits of bariatric surgery
	Introduction
	Epidemiological and pathophysiological bases
	Different compartments in the kidney may be affected by obesity
	Glomerular lesions
	Tubular lesions
	Direct and indirect effects of obesity on the kidney
	Weight reduction and renal protection

	Bariatric surgery
	Gastric band
	Sleeve gastrectomy
	Gastric bypass
	Beneficial effects of BS and their mechanisms
	Effects of BS on risk factors of CKD
	Effects of BS on CKD progression

	When to perform the surgery?
	Obesity, bariatric surgery, and renal transplant
	Complications of the surgery
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

