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Abstract
Introduction and Objective. Chronic kidney disease (CKD) is a major health issue worldwide affecting 10–14% of the 
globe’s population, with a climbing trend. CKD is associated with a variety of factors, including obesity, which has grown 
increasingly prevalent and adds to the pathogenesis of the disease. The aim of the review is to summarise pathomechanism 
and current treatment methods of chronic kidney disease. Additionally, using this knowledge, treatment suggestions are 
provided for different patient groups.   
Review Methods. A literature search was conducted in the PubMed database with inclusion criteria ‘English language’ 
and ‘free full texts’, and publications date between 2018 – 2023. A total of 1,172 results were found; 28 publications were 
ultimately included in the review.   
Brief description of the state of knowledge. The pathomechanisms include haemodynamic changes, oxidative stress, 
adipokine dysregulation, and correlations to insulin resistance and diabetes. Weight loss by proper nutrition and exercise is a 
beneficial approach to manage CKD in obese patients. Bariatric surgery has proven a realistic alternative due to improvements 
in kidney function and obesity-related comorbidities. There are several options for pharmacotherapy in CKD and obesity, 
including SGLT2 inhibitors, GLP-1 analogues, agents targeting the renin-angiotensin-aldosterone system and bardoxolone 
methyl. Addressing obesity plays an essential role in alleviating CKD risk and progression.   
Conclusions. Early intervention involving lifestyle changes, weight reduction strategies, surgical procedures, and medication 
provides a holistic approach to addressing CKD in obese people. Recognizing the complex interplay of variables that 
contribute to CKD enables targeted therapy approaches and better patient outcomes. 
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INTRODUCTION

The increasing prevalence of obesity and chronic kidney 
disease (CKD) presents a significant challenge for public 
health, with both conditions intricately linked through 
various pathophysiological mechanisms. By comprehensively 
examining them, a detailed understanding is sought of how 
obesity contributes to the onset and progression of CKD. 
Following this exploration, various treatment strategies 
targeting each identified pathomechanism are investigated. 
The discussion extends to practical concepts for tailoring 
treatment plans to individual patients, considering the 
heterogeneity of those affected by CKD and obesity. These 
suggestions are intended to complement existing guidelines 
and inspire further research and innovation. The importance 
of continuous monitoring of recent literature is underscored, 
as the field is rapidly evolving with new insights and official 
guidelines emerging regularly.

OBJECTIVE

The primary objective of this review is to demystify the 
complex interplay between CKD and obesity, and to equip 
healthcare providers with a clear and concise understanding 
of the diverse treatment approaches for various patient groups. 
By doing so, the aim is to support more informed clinical 
decisions, thereby enhancing patient care. The review serves 
as a consolidated resource summarising current knowledge 
in a straightforward manner that enhances understanding 
and clinical application.

REVIEW METHODS

A literature search was conducted in the PubMed database 
with inclusion of English language, free full texts and 
publication date between 2018 and 2023. In addition, 
articles such as meta-analysis, clinical trials, randomised 
controlled trials and systematic review were included in the 
first search. The following keywords were used to search the 
databases: “obesity and chronic kidney disease” (PubMed – 
128), “obesity and chronic kidney disease and treatment” 
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(PubMed – 73), “obesity and chronic kidney disease and 
surgery” (PubMed – 36), “obesity and chronic kidney disease 
and pharmacology” (PubMed – 32). Search data is as of 
06/01/2024. 28 publications were ultimately included in the 
review after using these inclusion criteria: date of publication, 
topic relevance, citation count, and keyword presence in the 
abstracts. Texts in another language, duplicated, not referring 
to the title or with an incompatible abstract were excluded.

The references include one study from 2013, conducted by 
de Zeeuw et al. It was critical to include it since it served as 
the foundation for subsequent, more recent investigations 
that we assessed and found significant.

Later in our work, we have chosen to reference several 
review papers. We utilised citation-rich sources that offer 
comprehensive summaries of current research, enabling us to 
identify significant trends. Referencing these reviews allows 
us to present a broad perspective and clarify the complexity 
of the issues for our readers. These review papers provide 
valuable context and background, which are crucial for 
understanding the development and current state of research 
in our focus areas. We specifically cite these reviews in our 
discussion on chronic kidney disease (CKD) (1, 3), obesity 
(4,5), and pathomechanisms (1, 4,5, 12, 14, 16). By integrating 
insights from these review papers, we can more effectively 
highlight the interconnectedness of various factors and the 
multifaceted nature of these conditions. Additionally, we 
found that some summarising conclusions were valuable for 
discussing collective data (1, 4, 16, 21). These conclusions help 
to synthesise diverse findings and offer a coherent narrative 
that supports our analysis.

DESCRIPTION OF THE STATE OF KNOWLEDGE – 
REPOSITIONED FROM OBJECTIVE

Chronic kidney disease (CKD). In 2012, CKD was described 
in Kidney Disease Improving Global Outcomes (KDIGO) as 
abnormalities of kidney function or structure, presenting for 
more than three months and causing implications for health. 
It is classified based on cause, glomerular filtration rate 
(GFR) category and albuminuria category (CGA). Criteria 
include albuminuria >30  mg/24 hours, urine sediment 
abnormalities, electrolyte and other abnormalities due 
to tubular disorders, abnormalities detected by histology 
or structural abnormalities detected by imaging and 
history of kidney transplantation. Diagnostic rate of the 
GFR is <60 ml/min/1.73 m2, further qualified as mildly to 
moderately decreased (G3a) – GFR rate between 59 and 45, 
moderately to severely decreased (G3b) – GFR rate between 
44 and  30,  severely decreased (G4) – GFR rate between 
29 and 15 and kidney failure (G5) – GFR rate <15. [KDIGO 
2012]

Roughly 10–14% of the world’s population suffer from CKD, 
meaning that approximately 845 million people are affected 
globally. The percentage prevalence rate has been stable since 
the beginning of the 21st century; however, since then the 
world population has dramatically increased. Therefore, the 
absolute number of CKD cases is in fact much higher today 
than 20 years ago. Due to this significant increased in the 
last few years, it is anticipated that the number of patients 
affected by this condition will continue to rise. Also, in 2013, 
CKD surged from the from the 19th position to the 12th rank 
as the leading cause of death. According to the forecast, by 

2040 CKD will rank 5th among the world’s major causes of 
death. The disease more frequently affects women, elderly 
patients (older than 60), people in low-income countries, and 
individuals with family history of CKD or comorbidities, 
such as diabetes, heart failure, hypertension and obesity  [1–3] 
. Management of CKD is based on controlling the primary 
cause by mostly symptomatic treatment. Early identification 
of modifiable risk factors and maintenance of a health-
conscious lifestyle are critical for prevention.

Obesity. Obesity is the over-accumulation of fatty acids 
in white adipose tissue.  [4, 5] . A body mass index (BMI) is 
recommended for diagnosing obesity. According to the WHO, 
a BMI between 25 and 30 kg/m2 is considered overweight, 
while a BMI above 30  kg/m2 is considered obese  [6,7] . 
Additionally, waist-to-hip ratio, waist-to-circumference, 
and waist-to-height ratio (WHtR) may also be useful in 
making a diagnosis. Liu et al. showed that WHtR could be 
a more accurate predictor of CKD than other markers  [8, 9] 
. Unfortunately, the prevalence of obesity continues to rise, 
and according to the WHO European Regional Obesity 
Report 2022, it can affect up to 59% of adults, compared to 
an estimated 23% in the European region. [7, 10, 11].

This is a significant problem because obesity can be linked 
to a variety of diseases including: metabolic syndrome, 
dyslipidemia, hypertension, type-2 diabetes mellitus (T2DM) 
cardiovascular diseases, non-alcoholic fatty liver disease, 
asthma, obstructive sleep apnea, osteoarthritis, depression, 
some cancers, and may also lead to CKD  [4, 7, 10] . The 
pathophysiology of obesity involves a variety of factors, 
including biological, psychological, environmental, and 
behavioural factors, genetic predisposition, family history, 
unhealthy eating habits and overeating, excessive drinking 
of alcohol, smoking, insufficient physical activity, depression 
or socio-economic status [7, 10].

The review investigates the correlation between obesity 
and CKD, focusing on the processes by which obesity affects 
renal function.

Pathomechanisms. Increased BMI can lead to 
impaired kidney function through several mechanisms. 
Haemodynamic changes induced by obesity, such as elevated 
cardiac output and blood volume, have a major impact on 
the renal circulation. One factor accelerating the kidney’s 
consumption? is the elevated renal flow itself. Even more 
crucial is the imbalance in many blood components, which 
occurs in obese patients. When these compounds enter the 
kidney in such abnormal amounts, they could cause injury  
[6, 12] .

Obesity increases oxidative stress in the whole organism, 
even in metabolically healthy obese patients  [6] . One of the 
mechanisms responsible for the increase is the greater volume 
of triglyceride (TG) storing adipose tissue, compared to 
individuals with normal BMI. Adipocytes, apart from their 
primary function, act as a secretory organ with endocrine, 
paracrine, and autocrine functions. Secreted substances, 
adipokines and cytokines, are involved in body weight 
regulation and local inflammation. In obese patients, the 
endocrine function is highly dysregulated  [4, 5, 12–14] . 
According to studies, various levels of adiponectin, whether 
high or low in CKD, have different impacts on mortality and 
incidence of cardiovascular disease, which is sometimes 
called the ‘adiponectin paradox’  [5, 13] . Hypertrophic 
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adipocytes over-produce pro-inflammatory cytokines, 
promoting insulin resistance and recruiting immune cells, 
leading to irreversible kidney injury  [4, 5, 12–15] . On the 
one hand, in CKD the concentration of adiponectin can be 
increased two to three times. On the other hand, reduction 
of the level, which may also occur in obesity, decreases the 
protective effect on the kidneys and may lead to renal fibrosis 
and oxidative stress. As for leptin, the progression of CKD 
is also due to the high concentration of adiponectin  [5, 13] .

Elevated leptin blood levels can be related to both 
obesity and increased production of adipokine, as well 
as CKD and impaired adipokine degradation. The result 
can be hypertension, vascular endothelial dysfunction, 
glomerulosclerosis, proteinuria, and renin-angiotensin-
aldosterone system (RAAS) activation, all of which can 
eventually lead to renal damage  [4, 5] . Also, the relationship 
between higher leptin levels and CKD progression has been 
proven  [5] .

Moreover, obesity is commonly related to dyslipidemia 
in both metabolically healthy and unhealthy obese 
patients  [2] . Studies show that higher levels of TG and low-
density cholesterol can also cause kidney damage because 
accumulation of lipids damages the podocytes and tubular 
cells  [1] .

Ghrelin also plays a key role in renal pathology and function, 
particularly as it relates to obesity and related diseases, and its 
receptors have been found in podocytes. In studies, the effect 
of the hormone on the kidneys varies, in one of which it may 
act as a preventative against oxidative stress, inflammation, 
renal fibrosis or obstructive nephropathy, and in others it may 
stimulate glomerular sclerosis, interstitial fibrosis, podocyte 
damage or increase the incidence of angiotensin-II-induced 
hypertension  [4] .

Obese individuals often simultaneously suffer from 
insulin resistance or diabetes. There are several mechanisms 
responsible for kidney damage in patients with dysregulated 
insulin and glucose levels. Increased level of insulin induces 
oxidative stress inside podocytes and promotes the synthesis 
of collagen IV, transforming growth factor (TGF) beta-1, 
which may result in tubulointerstitial fibrosis  [16] . Thirdly, 
insulin interferes with sodium channels and aggravates the 
effects of angiotensin II, resulting in increased production 
of inflammatory cytokines and proteinuria, both of which 
contribute to kidney injury  [17] . It is worth noting that, 
according to studies, obesity may even be a protective factor in 
end-stage renal disease (ESRD) [6]. However, ESRD severely 
limits treatment options, therefore this paradox is not very 
significant from a clinical standpoint. For patients, it is critical 
to begin prevention and therapy as soon as possible. Now that 
many of the components involved in pathophysiology have 
been identified, there are multiple possibilities for initiating 
treatment. Every previously discussed factor that contributes 
to kidney damage in obese patients can be targeted as a 
therapy foothold.

Weight loss through diet and exercise. It is generally known 
that a diet for obese people is beneficial both metabolically 
and nutritionally. Previous studies have already shown that 
healthy lifestyle interventions, in combination or alone, are 
a good choice for improving metabolic health in this group. 
Ikizler et  al. in a study of 111 patients with moderate to 
severe CKD, noted that dietary calorie restriction resulted 
in loss of weight and fat mass, while aerobic exercise reduced 

inflammatory reaction and oxidative stress. In addition, 
participants found it more difficult to keep up with the exercise 
interventions than the diet, as shown by the percentage of 
sessions completed [15].

Additionally, studies have shown the beneficial effects of 
a healthy and nutritious diet on both the prevention and 
progression of CKD. Robin Lo et al. recommended including 
the following products: vegetables, fruit, legumes, whole 
grains, nuts, and fish, as well as consuming less sodium, red 
and processed meat, and high-sugar drinks [1]. Another study 
tested Very Low Carb Ketogenic Diets (VLCKD) in patients 
with obesity and CKD. This key component in this diet is its 
low daily carbohydrate intake of less than 20g. Although it 
is not usually recommended for people with reduced kidney 
filtration, many positive outcomes have been observed, 
such as weight and fat mass loss in less than three months. 
Bruci et al. also observed improvements in glucose and lipid 
metabolism, a reduction in blood pressure and triglyceride 
levels without affecting the body’s water-electrolyte balance. 
Importantly, conclusions were drawn on the potential 
improvement of renal function due to decreased uric acid 
level  [18] . In a similar small study, metabolic improvements 
were also observed after a 12-week long strict low-calorie 
ketogenic diet in obese participants with advanced diabetic 
nephropathy  [13] .

Aydemir et al. in a randomised clinical trial involving 111 
participants noted that dietary caloric restriction increased 
adipokine levels without affecting leptin levels, implying an 
effect on metabolism improvement in patients with stage 3–4 
CKD  [13] . However, low-calorie diets can affect people with 
diabetes and cause electrolyte disturbances, fluid overload, 
constipation, uremia, and blood glucose disturbances. 
Regardless of the type of diet, it is crucial that it is remains 
under medical supervision  [18, 19] .

Surgical management of weight loss – bariatric surgery. 
Bariatric surgery (BS) is one of the treatment methods 
recommended for people with CKD and obesity. In general, 
it is possible to remove part of the stomach in a laparoscopic 
sleeve gastrectomy (LSG), or to connect the stomach to the 
digestive system by bypassing the proximal part of the small 
intestine in a gastric bypass called Roux-en-Y (RYGB)  [4] . 
According to the National Institutes of Health (NIH), patients 
with a BMI over 40 kg/m2, and individuals with a BMI of 
more than 35 kg/m2 with comorbid metabolic disease, are 
qualified to undergo bariatric surgery  [20] . It is proven that 
BS not only helps in weight loss, increases life expectancy, 
and reduces obesity-related comorbidities, but is also linked 
to slower eGFR decline and remission of albuminuria and 
proteinuria  [20–23] .

A randomised study 100 patients with T2DM, obesity and 
CKD at different stages, were placed into two groups: RYGB 
and medical care. Cohen et al. observed better remission of 
CKD and albuminuria after one year in patients following 
RYGB, than medical care alone, although the difference 
between the two was not significant after five years. [21, 23] 
. In another study, Kassam et al. showed that LSG may be 
beneficial in ESRD when a kidney transplant is not possible 
due to obesity. Also, its effect on reducing the incidence of 
hypertension has been demonstrated  [20] . Nevertheless, BS 
may involve side-effects, including band erosion, gastric leak, 
nephrolithiasis, oxalate nephropathy, nutrient deficiencies 
due to a restrictive diet after BS, and acute kidney injury 
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(AKI), when compared with the non-CKD population  [19, 
22] .

Pharmacotherapy of obesity and CKD. Many pharmaceutical 
drugs used in diabetes have proven useful in the treatment 
of systemic diseases. Some of them may be used in obese 
patients with CKD, not only to improve and protect the 
kidney function directly, but also to support weight loss.

SGLT2 inhibitors (SGLT2i) are a group of medications that 
prevent the kidneys from absorbing glucose, which increases 
its excretion and results in a daily loss of about 300 kcal. This 
caloric loss is associated with an average weight reduction 
of 2–3  kg in clinical trials . According to the most recent 
guidelines, SGLT2i may be used to treat individuals who 
have both T2DM and obesity, with an intermediate function 
that it plays in encouraging weight loss. The advantages of 
SGLT2i in managing heart failure, improving cardiovascular 
outcomes, and lowering hospitalisation rates are highlighted 
by the available data. In 2019, Perkovic et al. published the 
Evaluation of the Effects of Canagliflozin on Renal and 
Cardiovascular Outcomes in Participants with Diabetic 
Nephropathy (CREDENCE trial), a study conducted on 
4,401 patients suffering from both T2DM and CKD. The 
study produced astounding results over the course of more 
than 2.5 years. The main outcome was a significant reduction 
of the incidence of combined ESRD, doubling of serum 
creatinine, and death from renal or cardiovascular causes 
(by 30% when compared to placebo). The risk of particular 
renal issues, such as ESRD and elevated creatinine levels, 
was 32% lower in the canagliflozin group and the risk of 
kidney failure alone was decreased by 34%. Patients taking 
canagliflozin additionally had lower risk of cardiovascular 
mortality and hospitalisation for heart failure. Glycated 
haemoglobin levels, blood pressure, weight-loss and the urine 
albumin-to-creatinine ratio also improved as a result of the 
treatment.  [24] . Treating patients with T2DM and CKD could 
be greatly aided by this data, but given the several similar 
pathomechanisms between obesity and T2DM, canagliflozin 
may also prove highly beneficial for obese patients with CKD 
who are not diabetic.

In 2020, a similar study was published which evaluated 
the effect of dapagliflozin on both T2DM and non-T2DM 
patients. The Dapagliflozin in Patients with Chronic Kidney 
Disease (DAPA-CKD) study demonstrated a remarkable 
decrease in the risk of kidney failure in general, including 
ESRD. Regardless of whether or not the individuals had 
T2DM, dapagliflozin provided close advantages [25] . This 
suggests that irrespective of the aetiology or diabetes status, 
SGLT2i are positioned as a pivotal disease-modifying therapy 
for chronic renal disease. The current opinion is that the 
absolute benefits outweigh the hazards, notwithstanding a 
relative increase in the likelihood of some adverse responses 
(such as lower limb amputation, urinary tract infections, and 
mycotic vaginal infections). When comparing SGLT2i to a 
placebo, many meta-analyses show a consistent favourable 
result in terms of weight reduction  [16] .

GLP-1 analogues (GLP-1a) have been approved for treating 
T2DM as well as obesity. They cause a moderate to high degree 
of weight reduction by increasing the feeling of fullness, 
decreasing hunger, and suppressing glucagon in a glucose-
dependent way. The existing data suggests that GLP-1a have 
benefits in decreasing renal and/or cardiovascular issues in 
individuals who suffer from T2DM, especially those who have 

experienced a cardiovascular event in the past or are at risk 
for developing one.  [16] . The treatment has also proven to slow 
down the course of albuminuria. It has no major impact on 
retinopathy, hypoglycaemia, and unfavourable pancreatic 
events. Additionally, GLP-1a seem to contribute more to 
weight reduction than SGLT2 inhibitors (SGLT2i)  [16] .

As previously established, obesity may cause hyperactivation 
of the RAAS. This system is also a target for pharmaceutical 
treatment. Trials investigating the efficacy of RAAS-targeting 
medications on T2DM patients found a significant decrease 
(16% – 20%) of combined mortality, creatinine levels and 
risk of developing kidney failure. Additionally, urine protein 
levels in those with obesity-related glomerulopathy were 
found to have declined by 30% – 80% from baseline. This data 
comes from collective analysis of a few different studies [1] . 
This data was collected independent of the lowering of blood 
pressure, therefore the treatment proves useful in patients 
who do not suffer from hypertension.

Bardoxolone methyl is a novel medication that has shown 
particularly promising results in CKD patients. It improves 
mitochondrial activity, suppresses pro-inflammatory 
signals, and amplifies the protective antioxidant reaction.  
[26] . The most important study so far was published in 2013 
(Bardoxolone Methyl Evaluation in Patients with Chronic 
Kidney Disease and Type 2 Diabetes [BEACON]: The 
Occurrence of Renal Events) evaluated 2,185 participants 
with stage 4 CKD and T2DM. Although the study had to be 
discontinued due to safety concerns, the findings were quite 
fascinating. Compared to the placebo group, the bardoxolone 
methyl group presented a substantial increase in kidney 
function and blood pressure, as well as significant decrease in 
body weight  [27] . Since then, a few articles have analysed that 
data, undertaking a more cautious selection of participant 
(excluding patients with fluid retention due to heart failure) 
in an attempt to reduce adverse effects. A post-hoc analysis 
from 2018 revealed the possible benefits of bardoxolone 
methyl in protecting kidney function  [26] . Another study, 
also published in 2018, investigated effects of the drug in 
obese patients. The findings revealed substantial decreases 
in body weight (proportional to baseline BMI) and waist 
circumference, as well as improvements in glycaemic control, 
particularly in individuals with glycated haemoglobin levels 
exceeding clinical practice guideline, suggested objectives at 
baseline. The decrease in weight was not caused by muscle 
wasting, since 24-hour urine creatinine excretion remained 
constant. The trend of gains in eGFR after therapy diverged 
from that of weight loss, demonstrating actual improvements 
in measured GFR. Overall, bardoxolone methyl may be a 
beneficial therapy for obesity in people with T2DM and CKD, 
provided the risk of symptomatic heart failure is reduced by 
dosage titration or other measures  [28] .

Delete: Based on the collected data, the authors of the 
current review provide suggestions for individualised plans 
for the prevention and treatment of obesity and CKD.

CONCLUSIONS

To prevent obesity-related chronic kidney disease, the most 
effective strategy appears to be to lose weight promptly and 
adopt healthier eating habits before any kidney symptoms 
develop. For overweight patients without comorbidities or 
CKD risk factors, weight reduction through diet and exercise 
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has significant advantages. VLCKD and GLP-1a are options 
for individuals in this category who have a BMI approaching 
obesity. For patients with a BMI over 40 kg/m², or 35 kg/
m² with comorbidities, bariatric surgery is a viable option. 
More importantly, the current findings show benefits in 
incorporating GLP-1a, VLCKD, and/or bardoxolone methyl 
in this group. For those at high risk of CKD and with mild 
to moderate CKD, a healthy and nutritious diet and exercise 
can be very beneficial. Additionally, in this category, all 
aforementioned treatment methods could be considered in 
various combinations, tailored to the patient’s individual 
history and needs, noting that VLCKD is an appropriate 
option only to be proposed for patients without diabetes. 
For those with end-stage renal failure who are not eligible 
for transplantation, LSG may be offered to assist with 
weight reduction. For patients with severe CKD, findings 
do not support incorporating VLCKD or diet and exercise 
as previously described, because lifestyle adjustments 
must be carefully aligned with renal function and dialysis 
requirements. Canagliflozin and dapagliflozin are primarily 
recommended for patients with T2DM, but they might also 
be effective for those with CKD only. GLP-1a can be highly 
beneficial for obese patients, with or without T2DM, and 
with or without CKD. RAAS-targeting medications might 
be used in obese patients with CKD, regardless of whether 
or not they have hypertension. Bardoxolone methyl appears 
to be highly effective across nearly all patient groups, but is 
not typically recommended solely for treating overweight. 
Table 1 summarises the recommended treatment methods 
for the various patient groups.

It is important to note that because this work is not a 
meta-analysis or a systematic review, our findings were 
not intended to be viewed as a gold standard. These only 
serve as concepts for physicians to consider while working 
with patients, as well as for future researchers to investigate 
further.

The increasing worldwide prevalence of obesity is 
concerning due to the associated dangers, which include 
an increased risk of developing CKD. The pathomechanism 
underlying the connection between the two conditions 
is complex and involves several processes. It is crucial to 
recognise and understand these mechanisms in order to 
develop novel therapeutic approaches for obese patients, 

reduce their risk of developing CKD, and lessen the severity 
of the condition once it does develop. An individualised 
comprehensive treatment plan, based on the relationship 
between the two diseases, should be provided for those 
patients.

REFERENCES

1. R Lo, Y Narasaki, S Lei, C M Rhee, Management of traditional risk 
factors for the development and progression of chronic kidney disease. 
Clin Kidney J. 2023;vol. 16, no. 11. doi: 10.1093/CKJ/SFAD101.

2. Iqbal J, Wu HX, Nawaz MA, Jiang HL, Xu SN, Huang BL, Li L, Cai JM, 
Zhou HD. Risk of incident chronic kidney disease in metabolically 
healthy obesity and metabolically unhealthy normal weight: A 
systematic review and meta-analysis. Obes Rev. 2024;25(2):e13656. 
doi: 10.1111/obr.13656.

3. Kovesdy CP. Epidemiology of chronic kidney disease: an update 2022. 
Kidney Int Suppl. 2022;12(1):7–11. doi: 10.1016/j.kisu.2021.11.003.

4. Ibrahim M, Khalife L, Abdel-Latif R, Faour WH. Ghrelin hormone a 
new molecular modulator between obesity and glomerular damage. Mol 
Biol Rep. 2023;50(12):10525–10533. doi: 10.1007/s11033–023–08866–8.

5. Czaja-Stolc S, Potrykus M, Stankiewicz M, Kaska Ł, Małgorzewicz 
S. Pro-Inflammatory Profile of Adipokines in Obesity Contributes 
to Pathogenesis, Nutritional Disorders, and Cardiovascular Risk in 
Chronic Kidney Disease. Nutrients. 2022;14(7):1457. doi: 10.3390/
nu14071457.

6. Pinto KRD, Feckinghaus CM, Hirakata VN. Obesity as a predictive 
factor for chronic kidney disease in adults: systematic review and meta-
analysis. Braz J Med Biol Res. 2021;54(4):e10022. doi: 10.1590/1414–
431X202010022.

7. Lin X, Li H. Obesity: Epidemiology, Pathophysiology, and Therapeutics. 
Front Endocrinol. 2021;12:706978. doi: 10.3389/fendo.2021.706978.

8. Harhay MN, Kim Y, Moore K, Harhay MO, Katz R, Shlipak MG, Mattix-
Kramer HJ. Modifiable kidney disease risk factors among nondiabetic 
adults with obesity from the Multi-Ethnic Study of Atherosclerosis. 
Obesity (Silver Spring). 2023;31(12):3056–3065. doi: 10.1002/oby.23883.

9. Liu L, Wang Y, Zhang W, Chang W, Jin Y, Yao Y. Waist height ratio 
predicts chronic kidney disease: a systematic review and meta-analysis, 
1998–2019. Arch Public Health. 2019;77:55. doi: 10.1186/s13690–019–
0379–4.

10. Safaei M, Sundararajan EA, Driss M, Boulila W, Shapi’i A. A systematic 
literature review on obesity: Understanding the causes & consequences 
of obesity and reviewing various machine learning approaches used 
to predict obesity. Comput Biol Med. 2021;136:104754. doi: 10.1016/j.
compbiomed.2021.104754.

11. World Health Organization. Regional Office for Europe, WHO 
European Regional Obesity: Report 2022.

12. Alizadeh S, Esmaeili H, Alizadeh M, Daneshzad E, Sharifi L, Radfar H, 
Radaei MK. 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(4):427–437. 
doi: 10.20945/2359–3997000000149.

13. Aydemir N, Pike MM, Alsouqi A, Headley SAE, Tuttle K, Evans EE, 
Milch CM, Moody KA, Germain M, Lipworth L, Himmelfarb J, Ikizler 
TA, Robinson-Cohen C. Effects of diet and exercise on adipocytokine 
levels in patients with moderate to severe chronic kidney disease. 
Nutr Metab Cardiovasc Dis. 2020;30(8):1375–1381. doi: 10.1016/j.
numecd.2020.04.012.

14. Miricescu D, Balan DG, Tulin A, Stiru O, Vacaroiu IA, Mihai DA, 
Popa CC, Enyedi M, Nedelea AS, Nica AE, Stefani C. Impact of adipose 
tissue in chronic kidney disease development (Review). Exp Ther Med. 
2021;21(5):539. doi: 10.3892/etm.2021.9969.

15. Ikizler TA, Robinson-Cohen C, Ellis C, Headley SAE, Tuttle K, Wood 
RJ, Evans EE, Milch CM, Moody KA, Germain M, Limkunakul C, Bian 
A, Stewart TG, Himmelfarb J. 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.2017010020.

16. Abdul Wahab R, Cohen RV, le Roux CW. Recent advances in the 
treatment of patients with obesity and chronic kidney disease. Ann 
Med. 2023;55(1):2203517. doi: 10.1080/07853890.2023.2203517.

17. Zhao S, Li Y, Su C. Assessment of common risk factors of diabetes 
and chronic kidney disease: a Mendelian randomization study. 
Front Endocrinol (Lausanne). 2023;14:1265719. doi: 10.3389/
fendo.2023.1265719.

Table 1. Effectiveness of mentioned treatment methods in groups of patients 
with different comorbidities
(+) – effective; (+/-) – effectiveness differs significantly among patients in the same 
group; (-) – ineffective or contraindicated

222 Journal of Pre-Clinical and Clinical Research 2024, Vol 18, No 3



Natalia Pijas, Aleksandra Domańska, Barbara Pieniążek, Daria Piekarz, Jolanta Szeliga-Król, Wojciech Załuska. Chronic kidney disease and obesity –…

18. Bruci A, Tuccinardi D, Tozzi R, Balena A, Santucci S, Frontani R, 
Mariani S, Basciani S, Spera G, Gnessi L, Lubrano C, Watanabe M. 
Very Low-Calorie Ketogenic Diet: A Safe and Effective Tool for Weight 
Loss in Patients With Obesity and Mild Kidney Failure. Nutrients. 
2020;12(2):333. doi: 10.3390/nu12020333.

19. Conley MM, McFarlane CM, Johnson DW, Kelly JT, Campbell KL, 
MacLaughlin HL. Interventions for weight loss in people with chronic 
kidney disease who are overweight or obese. Cochrane Database Syst 
Rev. 2021;3(3):CD013119. doi: 10.1002/14651858.

20. Kassam AF, Mirza A, Kim Y, Hanseman D, Woodle ES, Quillin RC 
3rd, Johnson BL, Govil A, Cardi M, Schauer DP, Smith EP, Diwan 
TS. Long-term outcomes in patients with obesity and renal disease 
after sleeve gastrectomy. Am J Transplant. 2020;20(2):422–429. doi: 
10.1111/ajt.15650.

21. Cohen RV, Pereira TV, Aboud CM, Petry TBZ, Lopes Correa JL, 
Schiavon CA, Pompílio CE, Pechy FNQ, da Costa Silva ACC, de Melo 
FLG, Cunha da Silveira LP, de Paris Caravatto PP, Halpern H, Monteiro 
FLJ, da Costa Martins B, Kuga R, Palumbo TMS, Docherty NG, le Roux 
CW. Effect of Gastric Bypass vs Best Medical Treatment on Early-Stage 
Chronic Kidney Disease in Patients With Type 2 Diabetes and Obesity: 
A Randomized Clinical Trial. JAMA Surg. 2020;155(8):e200420. doi: 
10.1001/jamasurg.2020.0420.

22. Pané A, Claro M, Molina-Andujar A, Olbeyra R, Romano-Andrioni B, 
Boswell L, Montagud-Marrahi E, Jiménez A, Ibarzabal A, Viaplana J, 
Ventura-Aguiar P, Amor AJ, Vidal J, Flores L, de Hollanda A. Bariatric 
Surgery Outcomes in Patients with Chronic Kidney Disease. J Clin Med. 
2023;12(18):6095. doi: 10.3390/jcm12186095.

23. Cohen RV, Pereira TV, Aboud CM, Zanata Petry TB, Lopes Correa JL, 
Schiavon CA, Pompílio CE, Quirino Pechy FN, Calmon da Costa Silva 
AC, Cunha da Silveira LP, Paulo de Paris Caravatto P, Halpern H, de 
Lima Jacy Monteiro F, da Costa Martins B, Kuga R, Sarian Palumbo 
TM, Friedman AN, le Roux CW. Gastric bypass versus best medical 
treatment for diabetic kidney disease: 5 years follow up of a single-
centre open label randomised controlled trial. EClinicalMedicine. 
2022;53:101725. doi: 10.1016/j.eclinm.2022.101725.

24. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan 
DM, Edwards R, Agarwal R, Bakris G, Bull S, Cannon CP, Capuano 
G, Chu PL, de Zeeuw D, Greene T, Levin A, Pollock C, Wheeler DC, 
Yavin Y, Zhang H, Zinman B, Meininger G, Brenner BM, Mahaffey KW; 
CREDENCE Trial Investigators. Canagliflozin and Renal Outcomes in 
Type 2 Diabetes and Nephropathy. N Engl J Med. 2019;380(24):2295–
2306. doi: 10.1056/NEJMoa1811744.

25. Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, 
Greene T, Hou FF, Mann JFE, McMurray JJV, Lindberg M, Rossing P, 
Sjöström CD, Toto RD, Langkilde AM, Wheeler DC; DAPA-CKD Trial 
Committees and Investigators. Dapagliflozin in Patients with Chronic 
Kidney Disease. N Engl J Med. 2020;383(15):1436–1446. doi: 10.1056/
NEJMoa2024816.

26. Chin MP, Bakris GL, Block GA, Chertow GM, Goldsberry A, Inker 
LA, Heerspink HJL, O’Grady M, Pergola PE, Wanner C, Warnock 
DG, Meyer CJ. Bardoxolone Methyl Improves Kidney Function in 
Patients with Chronic Kidney Disease Stage 4 and Type 2 Diabetes: 
Post-Hoc Analyses from Bardoxolone Methyl Evaluation in Patients 
with Chronic Kidney Disease and Type 2 Diabetes Study. Am J Nephrol. 
2018;47(1):40–47. doi: 10.1159/000486398.

27. de Zeeuw D, Akizawa T, Agarwal R, Audhya P, Bakris GL, Chin M, 
Krauth M, Lambers Heerspink HJ, Meyer CJ, McMurray JJ, Parving 
HH, Pergola PE, Remuzzi G, Toto RD, Vaziri ND, Wanner C, Warnock 
DG, Wittes J, Chertow GM. Rationale and trial design of Bardoxolone 
Methyl Evaluation in Patients with Chronic Kidney Disease and Type 
2 Diabetes: the Occurrence of Renal Events (BEACON). Am J Nephrol. 
2013;37(3):212–22. doi: 10.1159/000346948.

28. Chertow GM, Appel GB, Block GA, Chin MP, Coyne DW, Goldsberry 
A, Kalantar-Zadeh K, Meyer CJ, Molitch ME, Pergola PE, Raskin P, 
Silva AL, Spinowitz B, Sprague SM, Rossing P. Effects of bardoxolone 
methyl on body weight, waist circumference and glycemic control in 
obese patients with type 2 diabetes mellitus and stage 4 chronic kidney 
disease. J Diabetes Complications. 2018;32(12):1113–1117. doi: 10.1016/j.
jdiacomp.2018.09.005

223Journal of Pre-Clinical and Clinical Research 2024, Vol 18, No 3


