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Abstract: Morbid obesity is considered a civilization disease of the 21st century. Not only does
obesity increase mortality, but it is also the most important cause of the shortening life expectancy
in the modern world. Obesity is associated with many metabolic abnormalities: dyslipidemia,
hyperglycemia, cardiovascular diseases, and others. An increasing number of patients diagnosed with
chronic kidney disease (CKD) are obese. Numerous additional disorders associated with impaired
kidney function make it difficult to conduct slimming therapy and may also be associated with a
greater number of complications than in people with normal kidney function. Currently available
treatments for obesity include lifestyle modification, pharmacotherapy, and bariatric surgery (BS).
There are no precise recommendations on how to reduce excess body weight in patients with CKD
treated conservatively, undergoing chronic dialysis, or after kidney transplantation. The aim of this
study was to analyze studies on the bariatric treatment of obesity in this group of people, as well as
to compare the recommendations typical for bariatrics and CKD.
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1. Introduction

Morbid obesity is now considered a civilization disease of the 21st century. A total of
1.9 billion adults, which corresponds to 39% of the world population, were estimated to be
overweight globally in 2015 [1]. Obesity not only impairs physical and mental health but
also has many economic consequences for national health care systems [2]. At an individ-
ual level, patients with obesity have an increased risk of major health problems such as
hypertension, osteoarthritis, dyslipidemia, type 2 diabetes mellitus (DM2), coronary heart
disease, stroke, gallbladder disease, sleep apnea, respiratory problems, and some cancers
(endometrial, breast, and colon [3]. As a result, not only does obesity increase mortality, but
it is also the most important reason for reduced life expectancy in the modern world. There
are many metabolic abnormalities associated with obesity: dyslipidemia with increased
triacylglycerol (TAG) and low-density lipoprotein (LDL) cholesterol concentrations and
decreased high-density lipoprotein (HDL) cholesterol concentrations, dysregulation of
glucose homeostasis with fasting and postprandial hyperglycemia and hyperinsulinemia,
multiorgan insulin resistance, and liver steatosis are the hallmark features of obesity-related
metabolic dysfunction also known as metabolic syndrome [4,5].

Little attention is paid to the fact that obesity increases the risk of developing chronic
kidney disease (CKD), the incidence of which is 10.6% at stages 3–5. Studies show that
CKD is more common than diabetes [6]. Obesity contributes to chronic oxidative stress,
inflammation, and renal fibrosis, leading to progressive kidney damage and the need for
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renal replacement therapy (RRT) [7]. The exact mechanism of the influence of obesity and
adipose tissue on kidney damage was presented in our previous publication [8].

Currently available treatments for obesity include lifestyle modifications, pharma-
cotherapy, and bariatric therapy. At each stage of obesity treatment, the patient should be
encouraged to follow dietary recommendations and to exercise appropriately. Currently,
pharmacotherapy (incretin family drugs or bupropion/naltrexone) is used more and more
often. The latest therapeutic options indicate that, in some cases, drugs registered for the
treatment of obesity may be helpful in combination with bariatric surgery [9].

Still, the most effective method of treating obesity is bariatric surgery (BS), which is
also used in patients with co-morbid CKD. BS allows for the improvement of patients’
clinical conditions and reduces the severity of metabolic disorders. For patients with
end-stage renal disease (ESRD), the weight loss achieved with BS often allows for a kid-
ney transplant [10]. Patients should follow a proper diet before and after BS. Nutritional
requirements are even more crucial for CKD patients. This study aims to review and
summarize the literature on obesity and bariatric surgery among CKD patients as well as
dietary recommendations for the previously mentioned group of patients. Articles on this
topic were searched in the Pubmed and WorldWideScience databases for the following
keywords “obesity”, “bariatric surgery”, “chronic kidney disease”, “diet”, “nutritional
recommendations”, “nutritional management”, and their various combinations. The bib-
liography of selected publications was also analyzed. Publications in English and Polish
were included.

2. Obesity and Chronic Kidney Disease

There is an increase in the incidence of CKD, which is usually diagnosed relatively late
when nephroprotective actions bring little benefit. For this reason, the number of people
requiring RRT, including dialysis and kidney transplantation, is also increasing [11]. CKD
is divided into five stages according to the glomerular filtration rate (GFR). RRT is usually
started when the GFR is lower than 15 mL/min/1.73 m2 or earlier when it is accompanied
by, among others, malnutrition, overhydration, and severe uremia [12].

Overweight and obesity are factors contributing to the increased incidence of CKD.
It is estimated that excessive body weight may contribute to up to 30% of CKD cases [13].
Obesity leads to functional and structural changes in the kidneys. Hyperfiltration and
proteinuria, which are caused by glomerulosclerosis and tubulointerstitial fibrosis, are
observed. These disorders are called obesity-related glomerulopathy (ORG) [14]. Excess
body weight leads to chronic inflammation, oxidative stress, lipotoxicity, and impaired
adipokine secretion, which also adversely affects kidney function [7].

Despite the existence of the so-called obesity paradox (reverse epidemiology), i.e., a
positive correlation between excess body weight and the higher survival rate of patients un-
dergoing dialysis, obesity may be an obstacle in qualifying for kidney transplantation [15].
Both donors and transplant recipients may be disqualified due to excess body weight.
The body weight cut-offs that qualify for transplantation depend on the principles of the
treatment center and the individual state of health of the patient. In most centers, body
mass index (BMI) over 40 kg/m2 is a contraindication to the procedure, and over 35 kg/m2

is a relative contraindication [16]. The number of kidney transplant recipients (KTRs) with
a BMI over 30 kg/m2 doubles every 15 years [17]. Obesity during transplantation is associ-
ated with poorer perioperative outcomes in terms of length of surgery and hospitalization,
wound infections, delayed graft function, incisional hernia, and other complications [18,19].

According to data from 2013, over 25% of all living kidney donors are obese at the
time of surgery [20]. Obesity increases the risk of ESRD among living kidney donors. Locke
et al. observed that obese kidney donors had a 1.9-fold higher risk of post-donation ESRD
when compared with non-obese donors. An increase in BMI of more than 27 kg/m2 before
organ donation was associated with a 7% increase in ESRD risk after kidney donation [21].
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3. Bariatric Surgery

Regarding the treatment of obesity, Capehorn et al. suggested a 4-tier framework to
treat overweight and obesity systematically. The treatment starts with primary activity in
tier 1—the general physician usually coordinates this phase. Tier 2 is a tighter regiment
of lifestyle changes in preferably a group setting. The last conservative treatment step is
tier 3—a step based on a multidisciplinary team with obesity specialists (mostly physiother-
apists, psychologists, and nutritionists). The fourth tier is designed for individuals with
a very severe and complex form of obesity, mostly for patients with BMI > 40 kg/m2 or
BMI > 35 kg/m2 with obesity-related comorbidities and constitutes the surgical treatment
of obesity [22].

These guidelines are still widely used. However, there is increasing evidence that
bariatric procedures should also be considered for patients with DM2 and a BMI of 30 to
35 kg/m2 if hyperglycemia is inadequately controlled despite optimal medical treatment
for DM2. Substantial evidence indicates that surgery results in greater improvements in
weight loss and DM2 outcomes compared with nonsurgical interventions, regardless of the
type of procedures used [23].

Bariatric procedures are divided into three types: restrictive, malabsorptive, and
combination procedures (with a restrictive and malabsorptive component).

Restrictive surgical procedures lead to the decreased size of the stomach and reduced
feeling of hunger or cause early satiety with smaller volumes of food [24,25]. Surgical
procedures in this category include gastric banding (GB), vertical-banded gastroplasty
(VBG), and sleeve gastrectomy (SG), where GB and VBG are methods, which are per-
formed more and more rarely. SG is the most popular procedure, nowadays number one
worldwide [26,27].

Malabsorptive procedures decrease the absorption of nutrients by excluding food
from segments of the alimentary tract by either shortening the length of the tract or by
bypassing anatomical segments or inter-transposing various segments of the bowel [28].
The first of these procedures were done in the fifties and the sixties, namely the jejunal–ileal
bypass [29], the duodenojejunal bypass (DJB) [30], and later the biliopancreatic diversion
(BPD) either with or without the duodenal switch [28,31].

The combination of both types of surgery aims to benefit from the restrictive and mal-
absorptive procedure. The Roux en-Y Gastric Bypass (RYGB) or One Anastomosis Gastric
Bypass (OAGB) are the most well-known examples. While performing this procedure, a
small pouch is created by performing a partial gastrectomy followed by creating an anasto-
mosis of the small pouch to the jejunum (gastro-jejunostomy). Then, a bypass is achieved
by identifying the transected stomach remnant and its attached segment of the duodenum
and proximal jejunum, which is then mobilized at the jejunal end (the Roux en-Y limb), to
be anastomosed to a distal segment of the jejunum to form a jejuno-jejunostomy [32].

The OAGB consists of a long conduit from below the crow’s foot extending up to the
left of the angle of His. The stomach is divided, and a small, long tube is created, which
becomes the pouch, similar in shape to the pouch of SG. OAGB has a 2–3 cm gastro-jejunal
anastomosis to an anti-colic loop of jejunum 150–200 cm distal to the ligament of Treitz. The
power of OAGB comes from the fact that it is both a “non-obstructive” restrictive procedure
and has a significant fatty food intolerance component with minimal malabsorption [33].

According to the 2016 International Federation for the Surgery of Obesity and Metabolic
Disorders (IFSO) survey data from 58/62 IFSO Societies, the total number of bariatric/
metabolic procedures performed in 2016 was 685,874. The most common primary surgical
bariatric/metabolic procedure was laparoscopic sleeve gastrectomy (LSG) (340,550; 53.6%),
followed by LRYGB (191,326; 30.1%), and OAGB (30,563; 4.8%) [26,27].

BS results in durable excess weight loss (EWL). It reduces or at least improves co-
morbidities, improves the quality of life (QoL), and increases lifespan [34]. In addition to
weight loss, BS impacts the resolution of DM2, metabolic syndrome, and cardiovascular
diseases [35].
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There is an increasing interest in metabolic improvements, which are observed even
before any significant weight loss [36]. Walter Pories was the first to show this in 1992. He
suggested that the beneficial effects of bariatric surgery go beyond weight loss [37]. It is
known that BS can also improve the outcomes of patients suffering from many respiratory,
cardiovascular, and metabolic diseases [38–42].

It is a well-known fact that some of the gut hormones modified by BS have anorectic
actions and can significantly affect postoperative weight loss [43]. It is also recognized that
macronutrient as well as micronutrient malabsorption is a complication of BS and it is not a
desired mechanism of action for its long-term efficacy. Lower absorption of food and some
metabolites leads to their deficiencies [44].

There is also a considerable number of publications describing the BS procedures
among patients with a BMI lower than 35 kg/m2 and assessing the relationship between
the gut hormone profiles and DM2 remission. The study by Celik et al. presents glycemic
control. It was assessed in a prospective cohort of patients who had a Diverted Sleeve Gas-
trectomy with Ileal Transposition (DSIT), OAGB compared with SG in the first 30 days after
BS. This study proved that the DSIT and OAGB were superior to SG in achieving glycemic
control, defined as fasting glucose lower than 126 mg/dL [45]. These improvements in
glycemic control after DSIT/OAGB are based on the Foregut–Hindgut hypothesis [46].
Transfer of the distal part of the ileum just below the pylorus that digested food stimulates
producing hormones such as glucagon-like peptide 1 (GLP-1), peptide YY (PYY), and
oxyntomodulin—hormones known for their anti-diabetogenic action. The increased blood
levels of these hormones are found after other BS, such as RYGB, LSG, or BPD-DS. Despite
the increasing interest in the metabolic aspect of BS, many issues of comorbidities resolution
still need to be explained [47].

Surgical interference with the anatomy of the gastrointestinal tract can cause significant
changes in the composition of the gut microbiome, which may affect the composition
and number of various metabolites produced by intestinal bacteria. Research on this
phenomenon has developed significantly over the past decade and suggests an association
between microbiome changes after bariatric BS and patient health, especially in the context
of metabolic disturbances [48,49].

4. Bariatric Surgery in Patients with Chronic Kidney Disease

BS is performed on CKD patients treated conservatively, on dialysis, before and after
kidney transplantation. Weight loss in the above-mentioned groups of patients brings
positive effects. Rapid and sustained weight loss due to BS enables patients with ESRD
to stop dialysis treatment and receive a transplant. Additionally, pre-transplant metabolic
surgery may reduce the risk of mortality and graft failure. On the other hand, it increases
the pool of people who can donate an organ [19]. Weight loss slows disease progression in
non-dialysis patients [50].

In 2022, a clinical practice guideline by the DESCARTES Working Group of ERA was
published on the management of obesity in kidney transplant candidates and recipients.
According to the guidelines, BS should be considered in kidney transplant candidates and
recipients with a BMI ≥ 40 kg/m2 or a BMI ≥ 35 kg/m2 and at least one serious obesity-
related condition that can be mitigated by weight loss. The suggested surgical method is
LSG [9]. The 2020 Kidney Disease Improving Global Outcomes (KDIGO) recommendations
suggest that obesity should not be a contraindication to kidney transplantation, but suggest
weight loss interventions for obese candidates before transplantation [51].

Among the complications of DM2 is diabetic kidney disease (DKD). Its pathophys-
iology is associated with the metabolic disorders accompanying both DM2 and obesity,
namely hyperglycemia, dyslipidemia, and arterial hypertension. DKD develops in approx-
imately 40% of diabetic patients and significantly increases all-cause and cardiovascular
mortality in this patient group [52]. Madsen et al. investigated the effect of RYGB on the
remission of DM2 and its vascular complications. Due to the BS, 74% of the operated
patients achieved remission of DM2 after one year after the surgery. Additionally, RYGB
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reduced the risk of vascular complications and reduced the development of DKD [53].
Bariatric procedures not only reduce the risk of developing DKD but also improve the
results of patients suffering from it. Heneghan et al. reported that in obese patients with
moderate and severe albuminuria, BS caused, in 58,3% of patients, remission of albuminuria
at a 5-year follow-up [54]. Similar conclusions were drawn by Canney et al., who in their
study achieved, at 13-months follow-up, diabetic albuminuria remission in 78% of patients
undergoing RYGB [55].

Additionally, BS improves kidney function independently of improvements in glycemia.
In a study where DM2 was not an inclusion criterion, metabolic surgery reduced the risk of
eGFR decline by more than 30% by 58% and decreased serum creatinine by 57% [56]. In a
long follow-up study, BS reduced the incidence of ESRD by over 70% approx. 18 years after
surgery [57].

It appears that the improvement in the parameters of CKD is independent of postop-
erative weight loss, glycemic control, and blood pressure [52]. Table 1 shows the results of
the studies of patients with CKD undergoing BS.

Table 1. Literature review on the effect of BS on patients with CKD.

Reference Health Condition Sample Size Exposure Outcomes

CKD stages 1–5 (without dialysis)

Navanethan
et al.

2009 [58]
CKD stage 3 25 BS

GFR improvement at 6 and 12 months
after surgery (from 47.9 to

61.6 mL/min/1.73 m2), a decrease in
blood pressure was observed

Imam et al.
2017 [59]

CKD stages 3–4
group 1
group 2

714
714 SG/RYGB control

Bariatric surgery, especially the RYGB
procedure, improves GFR for up to

3 years

Prasad et al.
2020 [60] CKD stages 1–3 and 5 13 SG/RYGB

Significant decrease in protein and
albumin excretion rate 6 months after

surgery, and no significant changes
in GFR

Kassam et al.
2020 [50]

ESRD without dialysis
CKD stages 1–4

198
45 SG

The lasting effect on weight loss,
reduction in comorbidities in both

groups; improvement of renal function
in patients with stage 3 CKD

ESRD—dialysis

Sheetz et al.
2020 [61]

group 1 ESRD and BS
group 2 ESRD

1597
4750

group 1
BS

BS was associated with
lower all-cause mortality and increased

incidence of kidney transplantation

Kidney transplantation

Cohen et al.
2019 [62]

KTRs
CKD before KT

21
43 BS

BS before kidney transplantation was
associated with a lower risk of graft

failure than with BS after organ
transplantation—disturbed tacrolimus

levels among KTRs after BS

Schindel et al.
2019 [63]

KTRs
BS group control group

30
50 SG/RYGB

Improvement of renal function, graft
survival, and obesity-related
comorbidities among kidney

transplant recipients who underwent
bariatric surgery

CKD—chronic kidney disease; BS—bariatric surgery; GFR—glomerular filtration rate; SG—sleeve gastrectomy;
RYBG—Roux en-Y Gastric Bypass; ESRD—end-stage renal disease; KTRs—kidney transplant recipients.

Studies show many benefits of BS among CKD patients. On the other hand, the results
of the meta-analysis show that patients on chronic dialysis have a significantly higher
risk of postoperative mortality and myocardial infarction after bariatric surgery compared
to patients without renal failure [64]. However, it is known that obesity also increases
cardiovascular risk, so it is necessary to compare the risks associated with BS and those of
long-term obesity.



Nutrients 2023, 15, 165 6 of 19

5. Diet before and after Bariatric Surgery
5.1. Patients without Chronic Kidney Disease

The diet before a bariatric procedure should aim to appropriate caloric content, the
patient’s nutritional preferences, and economic possibilities. It should determine the form
and duration of the patient’s physical activity and accompanying diseases. Although
preoperative weight reduction reduces 30-day mortality and improves treatment outcomes,
it should not be mandatory but recommended and supported by the therapeutic team.
Compulsory weight loss and disqualification of patients by failing to meet this criterion
results in a reduction in the number of patients qualified for surgery and an increase in
obesity complications in the group of rejected patients [65].

A relatively small reduction in the amount of calorie intake (a daily deficit of 500–1000 kcal)
is the most crucial component of the diet program. A deficiency of 7000 kcal of consumed food
in relation to the body’s energy needs causes a loss of 1 kg of body weight. In order to lose
about 0.5–1 kg body weight weekly, it is best to consume 600–1000 kcal less than the body needs
every day. Recommendations regarding the specific caloric content of the diet should be selected
individually to the health condition, body composition, and physical activity of the patient. Very
restrictive diets such as low-calorie diets (LCD) or very low-calorie diets (VLCD) are increasingly
being abandoned among CKD patients due to the risk of muscle loss [66]. On the other hand,
there are reports on the beneficial effects of using a very low-calorie ketogenic diet (VLCKD).
In the case of patients with CKD, it is necessary to consult a nephrologist before using the diet,
because its use may lead to an exacerbation of the disease [67,68].

The daily requirement for nutrients during a reduction diet before bariatric surgery:

(1) Carbohydrates—45–50% of energy,
(2) Proteins—20–25% of energy, and
(3) Fat—20–25% of energy (saturated fatty acids <7%, cholesterol <200 mg/day).

As part of the recommended caloric value, the energy should come from vegetables,
fruits, cereal products rich in fiber, and low-fat products among meat and dairy products.
Diet should include mainly food products with a low GI, containing complex carbohydrates
and a lot of fiber, and of fats—monounsaturated fatty acids, e.g., olive oil. Recommended
reduction diets safe for health are: based on the assumptions of the Mediterranean diet, the
DASH diet, a low-energy diet with low GI, and a low-energy, balanced diet (recommended
by European Guidelines for Obesity Management in Adults) [69]. During the reduction
diet, drinking 6–8 glasses/day of fluids is recommended. A low-energy diet should consist
of 4–5 meals (3 main and 2 small) eaten regularly every 3 h. The first meal should be eaten
within 1 h after waking up, and the last one—2–3 h before going to bed. Appropriate
heat treatment of meals is also important: cooking, steaming, baking in casserole dishes in
aluminum foil or baking bags, and stewing [70].

After the bariatric procedure, the general dietary recommendation should be the
adaptation of the patient’s eating behavior to the surgical procedure and the general
qualitative aspects of a healthy nutrient-dense diet. In the early period, the patient should
be informed that: eating too much may lead to postoperative complications and worse
weight loss effects; an adequate daily supply of protein is necessary to prevent malnutrition;
high-calorie foods containing large amounts of simple sugars and fat (e.g., sweets) should be
avoided; after LRYGB, Mini—Gastric Bypass (MGB)/Omega Loop Gastric Bypass (OLGB)
and BPD procedures, this recommendation is also intended to prevent the occurrence of
the dumping syndrome [71,72].

5.2. Patients with Chronic Kidney Disease

In the case of obese CKD patients or KTRs, bariatric procedures may be used before
transplantation and as a method of treating excess body weight after transplantation. Obese
patients with CKD require a careful metabolic evaluation and individualized modification
of their eating habits. The preparation of a patient with CKD for BS should be supervised
by a team of specialists. Preparations should start early enough and should include a
thorough nutritional assessment, assessment of diet and eating habits, long-term weight
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history, defining the expectations of surgery, dietary recommendations for pre-, peri-, and
postoperative nutrition as well as psychological support [65].

Nutritional management in KTRs is an important determinant of the outcome of
transplantation in terms of both morbidity and mortality. A properly planned diet can be
used to prevent and alleviate many complications associated with transplantation, although
the exact need for nutrients has not been fully established yet. Many scientific studies
provide guidance on nutritional management in the pre-transplant period and in the early
and long-term post-transplant periods. A comprehensive approach in the pre-transplant
period should include a change in the diet and lifestyle of the patient, aimed at facilitating
the correction or reduction in malnutrition, obesity, osteodystrophy, and hypertension.
Unfortunately, there are no specific dietary recommendations for patients undergoing
bariatric surgery [73,74].

As recommended for all bariatric patients, a preoperative weight loss program should
begin before surgery and include a low-calorie diet that will allow the patients to lose 10%
of their body weight. Additionally, nutrient deficiencies must be identified and corrected
during this time. Additionally, patients with CKD must adhere to the nutritional limits
associated with kidney disease, which vary depending on the stage of the disease and the
treatment used. As there are no specific recommendations for patients with CKD undergo-
ing BS, it seems that the method of preparing patients for surgery should be based mainly
on the patient’s nutritional status, treatment results/laboratory results, comorbidities, and
patient preferences with the help of an experienced dietitian or nutritionist [75,76].

Laboratory tests should include markers useful in assessing nutritional status such as
serum levels of total protein, albumin, and prealbumin. In addition, low cholesterol may be
a marker of chronic inflammation or protein-energy deficit. Anthropometric measurements
should be used, taking into account the total body weight as well as the differentiation
between fat mass and lean mass, for a quick diagnosis of nutritional deterioration. When
assessing the patient’s body weight, the possibility of edema should be taken into account.
The best solution would be to use body composition assessment tools. The recommended
method of body composition analysis is dual-energy X-ray absorptiometry (DXA), which is
considered the gold standard. However, due to limited access to this method, bioelectrical
impedance analysis (BIA) is most often used. However, in people with morbid obesity, the
results of the BIA measurement may be inaccurate For the assessment of the diet, standard
tools can be used, for example, the most commonly used 24 h dietary recall or a 3-day food
diary [77–79].

Appropriate dietary management in bariatric patients eligible for kidney transplanta-
tion may be associated with some difficulties and depends largely on the nutritional status
of the patient. Patients after bariatric procedures are exposed to deficiencies in proteins,
vitamins B, vitamin D, iron, zinc, and calcium [70]. These deficiencies in dialysis patients
may even worsen. This is especially true for protein and calcium, B vitamins, or iron [80].

5.2.1. Energy Requirements

Typical daily caloric intake in the first week after surgery is 400 kcal/day and increases
to 800 kcal/day within a month. A few months after the procedure, patients should
consume 1200–1500 kcal/day [81]. For CKD patients, intake can be higher, especially
in dialysis patients. The Look AHEAD study showed the benefits of using a reducing
diet of 1200–1800 kcal in adult patients with DM2 and GFR < 60 mL/min/1.73 m2 and
albumin/creatinine ratio (ACR) > 30 mg/g [82].

5.2.2. Protein

The severity of the disease, the treatment received as well as the nutritional status
of the patient affect the optimal amount of protein intake. Maintaining an adequate
nitrogen balance is necessary to maintain proper nutritional status and body composition.
Insufficient supply of external amino acids contributes to increased nitrogen catabolism,
which deepens the negative nitrogen balance. In CKD patients requiring low-protein diets,
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essential amino acid requirements can be met with pharmaceutical mixtures of essential
amino acids and ketoacids [83,84]. After BS, recommendations for protein consumption
increase due to the increased demand resulting from the surgery and the difficulty in
consuming the recommended amount of protein and its reduced absorption, which is a
consequence of the procedure. Protein consumption of CKD patients after bariatric surgery
under conservative treatment should increase moderately, taking into account the protein
restrictions resulting from impaired renal function. Daily protein intake in this group of
patients should be within 0.8–1 g/kg ideal body weight (IBW). For the same reasons, the
increase in protein supply also applies to patients undergoing renal replacement therapy.
Dialysis patients should intake ≥1.2 g of protein/kg IBW, and KTRs ≥ 1.1 g/kg IBW [78].

5.2.3. Phosphate

Both hyper- and hypophosphatemia deteriorate health and increase the risk of death
in patients with CKD. Although hyperphosphatemia is a more frequent phenomenon,
deficiencies in this element also occur in this group of patients. For this reason, recom-
mendations for phosphorus intake should be based on up-to-date laboratory test results.
Long-term consequences of increased levels of phosphorus are cardiovascular calcification
and secondary hyperparathyroidism, which contributes to metabolic bone disease. In
turn, severe hypophosphatemia leads to impaired bone mineralization, rhabdomyolysis,
hemolytic anemia, central nervous system dysfunction, and respiratory failure [85].

A common restriction in people with CKD is the daily phosphorus intake of
800–1000 mg [86]. However, protein-rich products are a good source of this element.
Therefore, in people at increased risk or diagnosed with protein-energy wasting (PEW), the
restriction can be mitigated if the maintenance of a low-phosphate diet takes place at the
expense of protein and energy consumption. Additionally, the absorption of phosphorus in
the digestive tract varies depending on its source. Absorption of phosphorus from animal
products is higher than from plant products and amounts to approximately 70% and 50%,
respectively. The highest absorption occurs in highly processed foods and it amounts to
almost 100%. Additionally, in processed foods, phosphorus is added in the form of food
additives, and its added content is not included in the total content of this element in the
product [87,88]. The nutritional recommendations after BS do not focus on the phosphorus
intake of the patients. It is a common element, and deficiencies in the general population
are rare. In the rare case where patients have too low a serum phosphorus concentration,
the consequences of metabolic surgery, such as a drastic reduction in food consumption,
and, in the event of malabsorptive procedures the reduction in absorption, may aggravate
phosphorus deficiency and worsen the patient’s condition. On the other hand, patients
with too high phosphorus levels without the possibility of compensating for it through
dialysis therapy may need Food for Special Medical Purposes (FSMP). They can help the
patients meet the protein requirements that are increased after surgery, without increasing
the supply of phosphorus and other nephralgic elements in CKD. Products dedicated to
patients with CKD with increased protein content but reduced phosphorus, potassium,
and sodium content may be helpful both for patients with RRT and for those treated
conservatively in the perioperative period [66,89].

5.2.4. Calcium

Both patients with CKD and patients after BS have an increased risk of osteoporosis
and fractures. Sudden weight loss and altered postoperative absorption together with a
reduced nutrient intake result in impaired bone metabolism. Therefore, after the surgery, the
supply of calcium should be between 1200 and 1500 mg, depending on the type of surgery,
from all sources. Due to impaired kidney function and, thus, a reduction in the conversion
of inactive vitamin D into its active form, calcium absorption is reduced in patients with
CKD. In patients with moderate to advanced CKD, it may be necessary to limit calcium
intake to 800–1000 mg daily from all sources. However, reducing the absorption of fats,
mainly after RYGB, causes an increase in fatty acids in the intestines, which preferentially
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binds to calcium and not to oxalates, as is the case under physiological conditions. The
lower availability of calcium for binding to oxalates increases the concentration of soluble
oxalates that can be absorbed into the bloodstream. Oxalates are filtered in the kidneys and
excreted unchanged in the urine [52,90]. Excess urinary oxalate can lead to its deposition in
the kidney. In turn, oxalate crystals are associated with renal inflammation, fibrosis, and
faster progression of CKD [91]. It is crucial not only to consume sufficient calcium but also
to avoid excessive consumption of oxalate to prevent the formation of calcium crystals in
the kidneys.

In patients with CKD undergoing BS, both conditions should be taken into account
and the daily calcium intake should be adjusted to achieve normal laboratory values of
serum calcium [86].

5.2.5. Potassium

As with the recommendations for phosphorus intake, potassium intake should be
adjusted to the patient’s laboratory results. Both hypokalemia and hyperkalemia have
serious health consequences. Abnormal high potassium levels in serum increase the risk of
cardiac arrhythmia and sudden death [92]. Although hypokalemia is much less common
in CKD patients, it has equally serious consequences. Impaired potassium excretion by
malfunctioning kidneys leads to hyperkalemia. However, hypokalemia can occur as a
result of the loss of this element through the gastrointestinal tract in the event of vomiting
or diarrhea. In addition, the use of non-potassium-sparing diuretics and exposure to low-
potassium dialysate during dialysis sessions may also significantly reduce serum potassium
levels. Low potassium levels magnify the detrimental cardiovascular effects of increased
sodium levels. Severe cases of hypokalemia can lead to paralysis and life-threatening
cardiac arrhythmias [93].

In patients with CKD who underwent BS, special attention should be paid to the
prevention of constipation. Constipation causes a prolonged stay of fecal content in the
large intestine and, consequently, it may lead to increased potassium absorption and an
increase in its concentration in the serum [94].

Managing and preventing hyperkalemia and hyperphosphatemia require a multidisci-
plinary approach that entails reducing foods rich in these nutrients, adjusting medications
that cause their elevated serum levels, and adding medications that reduce them [95,96].
Selected products with high and low potassium content are presented in Table 2.

Table 2. Selected products with high and low potassium content [97,98].

Products Potassium Content [mg of K
per 100 g of Product]

Vegetables

High potassium
content

potatoes 420
brussels sprouts 416

broccoli 385
green peas 353

celery 320

Lower potassium content

onion 121
cucumber 125

butter lettuce 134
Chinese cabbage 150

green beans 211
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Table 2. Cont.

Products Potassium Content [mg of K
per 100 g of Product]

Fruit

High potassium
content

avocado 600
banana 395

kiwi 290
grapefruit 277
apricots 275

Lower potassium content

blueberry 77
cranberries 80

pear 118
watermelon 130
strawberries 133

apple 134

Nuts, seeds, dried fruit

High potassium
content

dried apricots 1666
dried figs 938

pumpkin seeds 810
prunes 804

cashew nuts 660

Lower potassium content
dried cranberries 49

sesame 387
pecans 360

5.2.6. Sodium

Regardless of the stage of the disease, patients with chronic kidney disease should
consume 1.8–2.3 g of sodium per day. Reducing sodium is designed to reduce the risk of
cardiovascular disease and help reduce thirst and thus maintain fluid restrictions [86].

5.2.7. Magnesium

Magnesium participates in many metabolic processes as an enzyme cofactor. Its con-
centration is regulated by ingestion with food, exchange with bones, intestinal absorption
and renal excretion. Its recommended daily intake depends on the age, sex and health of
the patient. In adult men it is 420 and 320 mg/day in women. According to the scientific lit-
erature, there is an inverted correlation between magnesium and increased cardiovascular
risk. In bariatric patients, both pre- and postoperative magnesium levels were associated
with better glycemic control, and postoperatively with a higher rate of remission of type
2 diabetes within 1 year after surgery [99]. In patients with CKD, serum magnesium con-
centrations depend on eGFR and medication. Antacid medicines and laxatives can cause
an increase in magnesium levels, and diuretics can decrease it. The method of treatment
also affects the level of magnesium. Both dialysate concentration in hemodialysis patients
and immunosuppressants in transplant patients significantly affect magnesium levels.
Therefore, the daily requirement of magnesium should be adjusted to its serum level [78].

5.2.8. Iron

The diet of obese patients, although it is high in calories, is deficient in terms of vita-
mins and minerals. For this reason, nutritional deficiencies, including iron deficiency, are
common in this group of patients. People who undergo metabolic surgery are additionally
subjected to various factors related to the procedure, which increase the risk of iron defi-
ciency, for example, reduced consumption of iron-rich food products. Iron absorption is
also reduced after surgery due to decreased acidity in the stomach caused by the reduction
in acid secretion and the use of drugs to increase gastric pH. Additionally, in the case of
malabsorptive procedures, the surface of nutrient absorption, including iron, is reduced.
Iron is among the key building blocks of erythrocytes, and its deficiency may lead to the
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development of anemia. Symptoms of anemia include weakness, fatigue, dizziness, and,
in more severe cases, angina pectoris, dyspnoea (shortness of breath) at rest, and even
hemodynamic instability, which is a life-threatening condition. Additionally, in pregnant
women, anemia may result in low birth weight of the baby, pre-delivery, and increased
perinatal mortality for both mother and baby [100].

In CKD patients, anemia is also a common complication of compromising the quality
of life and increasing morbidity and mortality [101]. Due to impaired kidney function, the
production of erythropoietin by the kidneys is reduced. Additionally, impaired renal clear-
ance and chronic inflammation associated with CKD increase the plasma levels of hepcidin,
a hormone that regulates iron levels. Elevated hepcidin levels reduce iron absorption in the
duodenum as well as iron availability for erythropoiesis and also cause endo- and exoge-
nous erythropoietin resistance [102]. In patients after kidney transplantation, apart from the
decrease in the function of the renal allograft, there is another factor that exposes patients
to anemia, namely immunosuppressive drugs [103]. The effect of immunosuppressants on
iron metabolism is not fully understood. The mammalian target of rapamycin inhibitors
(mTORis) appears to promote iron deficiency by stimulating hepcidin expression [104].

In patients after BS, the iron content in their supplement preparations should be from
45 to 60 mg; in the case of treatment of deficiencies, the values may increase to 150–200 mg.
If uncompensated deficits occur, despite the use of supplementation, an intravenous iron
infusion may be necessary [80].

In the recommendations for patients with CKD, the dose of oral iron supplementation
should be at least 200 mg per day. It is also noted that supplements should not be taken
with meals rich in dietary fiber. Supplements should not be taken with coffee or tea due to
the presence of caffeine and tannins, which also adversely affect the absorption of iron in
the digestive tract. Iron absorption is improved by vitamin C; therefore, it is recommended
to supply it at the level of 250 mg. Oral iron supplementation is often insufficient, and
intravenous iron is needed. The intravenous route of iron supply can rapidly replenish iron
stores, but carries a greater risk of allergies and infections. For this reason, it is worth trying
to introduce iron supplementation in the form of chetal, which is more easily absorbed than
in the traditional form [105]. In the event of failure of this form of supply the intravenous
dose of iron used should be considered individually. Excessive iron intake may be a source
of oxidative stress and increase the risk of infection [106,107].

5.2.9. Folic Acid

Surgical treatment of obesity increases the risk of folic acid deficiency. It is essential
for DNA and RNA synthesis, cell division, and protein synthesis. In the prenatal period, it
is extremely important, and it corresponds to the proper development of the neural tube
and thus the development of the fetus. Additionally, together with vitamins B12, B6, B2,
and zinc, they participate in the regulation of the homocysteine cycle and thus, reduce the
risk of cardiovascular disorders [108]. Absorption of folic acid after BS may be disturbed
mainly by two factors: increasing the intestinal pH and bypassing the flow of food through
the section where folic acid absorption occurs to the greatest extent, i.e., in the duodenum
and the initial section of the jejunum [108,109].

It might seem that patients with CKD are at risk of folic acid deficiency due to the low
consumption of vegetables—products rich in folic acid, which are also a good source of
potassium. Nonetheless, its abnormal serum level is not common in this patient population.
Patients with CKD should consume the amount of folic acid recommended for the general
population and introduce supplementation only in the case of deficiency of this compo-
nent [86]. For this reason, it seems that the recommended folate intake for patients with
CKD after BS could be in line with that for patients after BS. Multivitamin preparations
used after surgery as a nutrient supplement should contain 400 µg/day of folic acid. In
pregnant women or those who are planning to conceive a child, this amount should be
between 800 and 1000 µg. In the case of supplementing deficiencies, the amount may
increase to 1 mg [75].



Nutrients 2023, 15, 165 12 of 19

5.2.10. Vitamin B12

According to the Kidney Disease Outcomes Quality Initiative (KDOQI), vitamin B12
supplementation is recommended only in case of its deficiency in CKD patients. Its ad-
ministration, together with folate, to reduce the risk of cardiovascular disorders in the
case of hyperhomocysteinemia is not recommended as there is no evidence of their effec-
tiveness [86]. Insufficient oral intake and malabsorption are the two leading causes of B12
deficiency in bariatric patients. Vitamin B12 bound to protein is not digested. Free vitamin
B12 is formed in the presence of stomach acids and pancreatic proteinases. Only after
combining free cobalamin with the intrinsic factor, it is possible to absorb this complex in
the distal ileum [110]. The excision of a portion of the stomach, i.e., the loss of a significant
amount of intrinsic factor (IF)-producing parietal cells, reduces the IF-mediated absorption
of cobalamin. In addition, the reduction in gastric acidity by decreased acid secretion
caused by the loss of acid secreting cells or the use of drugs reducing the pH also impairs
the absorption of this vitamin [111]. Clinical symptoms of vitamin B12 deficiency following
surgical treatment of obesity can range from megaloblastic anemia and peripheral neuropa-
thy to neuropsychiatric symptoms. The body’s storage of vitamin B12 may last for 3–5 years;
therefore, its deficiency may not appear shortly after the surgery, but after a longer period
of time [100]. A dose of 350–500 µg/day orally or 1 mg monthly intramuscularly or 3 mg
every 3 months or 500 µg intranasally is recommended for bariatric patients [71].

5.2.11. Vitamin D

Vitamin D deficiencies are common in the general population and are even more
common in obese patients. Additionally, BS increases the risk of this deficiency. Vitamin
D levels and BMI are negatively correlated with each other. Obesity may reduce the
bioavailability of vitamin D by sequestering the vitamin through adipose tissue. Non-
alcoholic fatty liver disease, which is very common in obese people by reducing hepatic
25-hydroxylase, also impairs the production of vitamin D [112]. After the procedure, a dose
of at least 3000 international units per day is recommended to obtain a vitamin D result
>30 ng/mL. For patients with severely impaired absorption of vitamin D, the initial oral
dose should be 50,000 IU 3 times a week, and for vitamin D2 or vitamin D3 from 3000 to
6000 international units per day. It is believed that using the D3 form may be preferable,
although both are acceptable [81].

CKD results in vitamin D metabolism reducing its concentration and thus leading
to metabolic bone disease and other symptoms of deficiency. Depending on the severity
of CKD and the presence and severity of secondary hyperparathyroidism, vitamin D
supplementation is recommended [113]. In patients with normal vitamin D concentration
who have parathyroid hormone above the normal range, supplementation with an active
form of vitamin D should be introduced [78]. In the CKD population, there are no specific
safe doses for vitamin D. It seems that the treatment of deficiency should be more aggressive
in this patient group than in the general population. However, periodic measurements
of serum calcium and phosphorus should be used to detect disturbances in their levels
caused by vitamin D supplementation. Particular care should be taken for patients taking
calcium-containing phosphate binders and vitamin D active analogues [86].

5.2.12. Other Fat-Soluble Vitamins

Malabsorptive procedures, through the impaired absorption of fats, can reduce the
absorption of fat-soluble vitamins. The occurrence of deficiencies in bariatric patients after
these surgeries is quite common. Too low vitamin A concentration occurs in almost 70%
of patients four years after the procedure. In turn, the deficiency of vitamins E and K is
not common; therefore, screening their abnormal levels is recommended only in patients
showing symptoms of deficiency [71]. According to Mechanick et al., routine multivitamins
post-WLS should include 5000–10,000 IU of vitamin A (depending on the type of surgery),
15 mg of vitamin E, and from 90 to 120 µg of vitamin K [81].
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The daily requirements of patients with CKD do not differ significantly from the
general population; therefore, the daily intake of vitamins E and K should be consistent
with the normal DRI for the general population. In patients with end-stage CKD on
renal replacement therapy, the routine intake of vitamins A and E is discouraged due
to their potential toxicity. In patients with CKD or after kidney transplantation taking
anticoagulants, vitamin K supplementation is also not recommended, as these drugs block
its activity [86]. In patients with impaired renal function, the toxic dose is lower than in
patients with healthy kidneys. The increased vitamin A levels in CKD patients appear to
be the result of impaired metabolism of retinol to retinoic acid, which is excreted via the
kidneys, and an increase in retinol-binding protein. High serum vitamin A has an osteolytic
effect, which may contribute to the development of metabolic bone disease [114]. It seems
that supplementation of vitamin A should not exceed the daily DRI, which is 900 µg for
men and 700 µg for women [78]. The combination of chronic kidney disease and obesity
surgery may lead to a depletion of vitamin A supplies and the need for its supplementation,
despite its potential toxicity. Particular attention should be paid to pregnant women as too
much vitamin A may cause a teratogenic effect [115].

5.2.13. Fluids

After BS, the oral supply will start with sugar-free clear liquids (preferably still water).
On the third day after surgery, it is recommended to expand the diet slowly with other liquid
products. The target recommended daily fluid intake is >1.5 L [116]. There are additional
recommendations for fluid intake as described in the dumping syndrome section. Among
patients with CKD with impaired urinary secretion, it is necessary to introduce fluid
restrictions to reduce the risk of overhydration and edema. Such restrictions occur mainly
among dialysis patients. The recommended fluid intake for maintenance hemodialysis
patients is 500–750 mL/day in addition to daily urine output. Fluid restrictions should
ensure that no more than 2–2.5 kg of weight gain between dialysis sessions is reached. It
should be noted that fluid restrictions do not only apply to consumed beverages but
also to dishes/products with a high water content, e.g., soups, yoghurts, fruits, and
vegetables. Patients with CKD stages 1–4 and KTRs are usually advised to increase their
fluid intake. Increased fluid intake is also recommended during the period of vomiting or
diarrhea [117,118]. A summary of the nutritional recommendations of patients with CKD
and after BS is shown in Figure 1.

Figure 1. Nutritional recommendations of patients with CKD and after BS.
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5.2.14. Dumping Syndrome

Dumping syndrome (DS) is caused by the too-rapid passage of high-osmotic chyme
containing large amounts of easily digestible carbohydrates from the stomach to the small
intestine. DS is divided into two types: early and late.

The symptoms of early postprandial syndrome begin within 10–30 min of eating a
meal and last about 1 h. The rapid passage of hyperosmolar gastric contents into the small
intestine leads to increased secretion of intestinal hormones and to a shift of fluids from
the intravascular space into the intestinal lumen. This results in a decrease in plasma
volume and the appearance of vasomotor symptoms such as hypotension, tachycardia,
palpitations, hot flushes with drenching sweats, facial flushing, fatigue, and an urge to lie
down after eating. Early dumping syndrome can lead to fainting. The shift of fluids into
the intestine can cause the following symptoms: cramps, abdominal pain, bloating, nausea,
and diarrhea.

The late postprandial syndrome occurs 1–3 h after a meal. The rapid passage of
hyperosmotic gastric contents into the small intestine leads to the rapid absorption of
glucose and to hyperglycemia. This leads to the stimulation of the secretion of the intestinal
hormone—glucagon-like peptide-1 (GLP-1), which stimulates the excessive secretion of
insulin and inhibits the secretion of glucagon, which leads to the occurrence of hypo-
glycemia [119–121].

In DS, in patients with or without CKD, the goals of nutritional intervention are to
increase gastric emptying time, reduce food intake, and delay carbohydrate absorption. It
is recommended to reduce the amount of food eaten. Patients should eat 5–6 meals a day
with a small volume of about 150 mL (the volume of a cup). Meals should be eaten slowly,
in a calm atmosphere. It is not recommended to drink during meals. Liquids should be
consumed slowly, in small sips, 30 min before or 30–60 min after a meal. It is recommended
to limit the consumption of easily digestible carbohydrates (glucose, fructose, glucose-
fructose syrup, sucrose) and products with a high glycemic index. Each meal should consist
of products that are a source of proteins, fats, and carbohydrates. Guar gum, pectin, and
glucomannan supplementation may be considered to slow the rate of gastric emptying and
glucose absorption [119,122].

6. Conclusions

Bariatric procedures are more and more often used in patients with obesity and simul-
taneously with CKD; the development of surgical methods allows for safer qualification
of these patients for surgery. On the other hand, a comparison of dietary/nutritional
recommendations for bariatrics and CKD, as well as consideration of the specific treatment
of kidney diseases, indicate that the surgical management of patients with impaired renal
function requires a multidisciplinary team of specialists. In addition to standard procedures
before and after bariatric surgery, there should be cooperation with a nephrologist. It is
also necessary to emphasize the role of an experienced dietician or nutritionist in the field
of nutrition in nephrology.

It seems necessary to develop guidelines for the management of CKD patients after
BS. They should take into account not only the principles of nutrition but also the possible
supplementation of pro-, prebiotics, or other active substances that would have a beneficial
effect on both weight loss and overall health improvement.
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A.D.-Ś. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.



Nutrients 2023, 15, 165 15 of 19

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. Obesity and Overweight. 2021. Available online: https://www.who.int/news-room/fact-sheets/detail/obesity-and-

overweight (accessed on 8 November 2022).
2. Hammond, R.A.; Levine, R. The economic impact of obesity in the United States. Diabetes Metab. Syndr. Obes. 2010, 3, 285–295.

[CrossRef] [PubMed]
3. Bhoyrul, S.; Lashock, J. The physical and fi scal impact of the obesity epidemic: The impact of comorbid conditions on patients

and payers. J. Manag. Care Med. 2008, 11, 10–17.
4. Conte, C.; Fabbrini, E.; Kars, M.; Mittendorfer, B.; Patterson, B.W.; Klein, S. Multiorgan insulin sensitivity in lean and obese

subjects. Diabetes Care 2012, 35, 1316–1321. [CrossRef] [PubMed]
5. Arterburn, D.E.; Telem, D.A.; Kushner, R.F.; Courcoulas, A.P. Benefits and Risks of Bariatric Surgery in Adults: A Review. JAMA

2020, 324, 879–887. [CrossRef] [PubMed]
6. Hill, N.R.; Fatoba, S.T.; Oke, J.L.; Hirst, J.A.; O’Callaghan, C.A.; Lasserson, D.S.; Hobbs, F.D. Global Prevalence of Chronic Kidney

Disease—A Systematic Review and Meta-Analysis. PLoS ONE 2016, 11, e0158765. [CrossRef] [PubMed]
7. Martin-Taboada, M.; Vila-Bedmar, R.; Medina-Gómez, G. From Obesity to Chronic Kidney Disease: How Can Adipose Tissue

Affect Renal Function? Nephron 2021, 145, 609–613. [CrossRef]
8. 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, 1457.
[CrossRef]

9. Oniscu, G.C.; Abramowicz, D.; Bolignano, D.; Gandolfini, I.; Hellemans, R.; Maggiore, U.; Nistor, I.; O’Neill, S.; Sever, M.S.;
Koobasi, M.; et al. Management of obesity in kidney transplant candidates and recipients: A clinical practice guideline by the
DESCARTES Working Group of ERA. Nephrol. Dial. Transpl. 2021, 37 (Suppl. 1), i1–i15. [CrossRef]

10. Di Cocco, P.; Okoye, O.; Almario, J.; Benedetti, E.; Tzvetanov, I.G.; Spaggiari, M. Obesity in kidney transplantation. Transpl. Int.
2020, 33, 581–589. [CrossRef]

11. Yamada, Y.; Ikenoue, T.; Saito, Y.; Fukuma, S. Undiagnosed and untreated chronic kidney disease and its impact on renal outcomes
in the Japanese middle-aged general population. J. Epidemiol. Commun. Health 2019, 73, 1122–1127. [CrossRef]

12. National Kidney Foundation. KDOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, Classification and
Stratification. Am. J. Kidney Dis. 2002, 39, 1–266.

13. Rhee, C.M.; Ahmadi, S.F.; Kalantar-Zadeh, K. The dual roles of obesity in chronic kidney disease: A review of the current
literature. Curr. Opin. Nephrol. Hypertens. 2016, 25, 208–216. [CrossRef]

14. D’Agati, V.D.; Chagnac, A.; de Vries, A.P.; Levi, M.; Porrini, E.; Herman-Edelstein, M.; Praga, M. Obesity-related glomerulopathy:
Clinical and pathologic characteristics and pathogenesis. Nat. Rev. Nephrol. 2016, 12, 453–471. [CrossRef]

15. Kittiskulnam, P.; Johansen, K.L. The obesity paradox: A further consideration in dialysis patients. Semin. Dial. 2019, 32, 485–489.
[CrossRef]

16. Potluri, K.; Hou, S. Obesity in kidney transplant recipients and candidates. Am. J. Kidney Dis. 2010, 56, 143–156. [CrossRef]
17. Friedman, A.N.; Miskulin, D.C.; Rosenberg, I.H.; Levey, A.S. Demographics and trends in overweight and obesity in patients at

time of kidney transplantation. Am. J. Kidney Dis. 2003, 41, 480–487. [CrossRef]
18. Jarrar, F.; Tennankore, K.K.; Vinson, A.J. Combined Donor-Recipient Obesity and the Risk of Graft Loss After Kidney Transplanta-

tion. Transpl. Int. 2022, 35, 10656. [CrossRef]
19. Bellini, M.I.; Paoletti, F.; Herbert, P.E. Obesity and bariatric intervention in patients with chronic renal disease. J. Int. Med. Res.

2019, 47, 2326–2341. [CrossRef]
20. Taler, S.J.; Messersmith, E.E.; Leichtman, A.B.; Gillespie, B.W.; Kew, C.E.; Stegall, M.D.; Merion, R.M.; Matas, A.J.; Ibrahim, H.N.;

RELIVE Study Group. Demographic, metabolic, and blood pressure characteristics of living kidney donors spanning five decades.
Am. J. Transpl. 2013, 13, 390–398. [CrossRef]

21. Locke, J.E.; Reed, R.D.; Massie, A.; MacLennan, P.A.; Sawinski, D.; Kumar, V.; Mehta, S.; Mannon, R.B.; Gaston, R.; Lewis, C.E.;
et al. Obesity increases the risk of end-stage renal disease among living kidney donors. Kidney Int. 2017, 91, 699–703. [CrossRef]

22. Capehorn, M.S.; Haslam, D.W.; Welbourn, R. Obesity Treatment in the UK Health System. Curr. Obes. Rep. 2016, 5, 320–326.
[CrossRef] [PubMed]

23. Lebovitz, H.E. Metabolic surgery for type 2 diabetes with BMI < 35 kg/m2: An endocrinologist’s perspective. Obes. Surg. 2013,
23, 800–808. [CrossRef] [PubMed]

24. Buchwald, H.; Avidor, Y.; Braunwald, E.; Jensen, M.D.; Pories, W.; Fahrbach, K.; Schoelles, K. Bariatric surgery: A systematic
review and meta-analysis. JAMA 2004, 292, 1724–1737. [CrossRef] [PubMed]

25. Pories, W.J. Bariatric surgery: Risks and rewards. J. Clin. Endocrinol. Metab. 2008, 93 (Suppl. 1), S89–S96. [CrossRef] [PubMed]
26. Angrisani, L.; Santonicola, A.; Iovino, P.; Vitiello, A.; Zundel, N.; Buchwald, H.; Scopinaro, N. Bariatric Surgery and Endoluminal

Procedures: IFSO Worldwide Survey 2014. Obes. Surg. 2017, 27, 2279–2289. [CrossRef] [PubMed]
27. Angrisani, L.; Santonicola, A.; Iovino, P.; Vitiello, A.; Higa, K.; Himpens, J.; Buchwald, H.; Scopinaro, N. IFSO Worldwide Survey

2016: Primary, Endoluminal, and Revisional Procedures. Obes. Surg. 2018, 28, 3783–3794. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://doi.org/10.2147/DMSO.S7384
http://www.ncbi.nlm.nih.gov/pubmed/21437097
http://doi.org/10.2337/dc11-1951
http://www.ncbi.nlm.nih.gov/pubmed/22474039
http://doi.org/10.1001/jama.2020.12567
http://www.ncbi.nlm.nih.gov/pubmed/32870301
http://doi.org/10.1371/journal.pone.0158765
http://www.ncbi.nlm.nih.gov/pubmed/27383068
http://doi.org/10.1159/000515418
http://doi.org/10.3390/nu14071457
http://doi.org/10.1093/ndt/gfab310
http://doi.org/10.1111/tri.13547
http://doi.org/10.1136/jech-2019-212858
http://doi.org/10.1097/MNH.0000000000000212
http://doi.org/10.1038/nrneph.2016.75
http://doi.org/10.1111/sdi.12834
http://doi.org/10.1053/j.ajkd.2010.01.017
http://doi.org/10.1053/ajkd.2003.50059
http://doi.org/10.3389/ti.2022.10656
http://doi.org/10.1177/0300060519843755
http://doi.org/10.1111/j.1600-6143.2012.04321.x
http://doi.org/10.1016/j.kint.2016.10.014
http://doi.org/10.1007/s13679-016-0221-z
http://www.ncbi.nlm.nih.gov/pubmed/27352180
http://doi.org/10.1007/s11695-013-0907-1
http://www.ncbi.nlm.nih.gov/pubmed/23515973
http://doi.org/10.1001/jama.292.14.1724
http://www.ncbi.nlm.nih.gov/pubmed/15479938
http://doi.org/10.1210/jc.2008-1641
http://www.ncbi.nlm.nih.gov/pubmed/18987275
http://doi.org/10.1007/s11695-017-2666-x
http://www.ncbi.nlm.nih.gov/pubmed/28405878
http://doi.org/10.1007/s11695-018-3450-2


Nutrients 2023, 15, 165 16 of 19

28. Scopinaro, N.; Gianetta, E.; Civalleri, D.; Bonalumi, U.; Bachi, V. Bilio-pancreatic bypass for obesity: II. Initial experience in man.
Br. J. Surg. 1979, 66, 618–620. [CrossRef]

29. Kremen, A.J.; Linner, J.H.; Nelson, C.H. An experimental evaluation of the nutritional importance of proximal and distal small
intestine. Ann. Surg. 1954, 140, 439–448. [CrossRef]

30. Cohen, R.V.; Schiavon, C.A.; Pinheiro, J.S.; Correa, J.L.; Rubino, F. Duodenal-jejunal bypass for the treatment of type 2 diabetes in
patients with body mass index of 22–34 kg/m2: A report of 2 cases. Surg. Obes. Relat. Dis. 2007, 3, 195–197. [CrossRef]

31. Gagner, M. Hypoabsorption Not Malabsorption, Hypoabsorptive Surgery and Not Malabsorptive Surgery. Obes. Surg. 2016, 26,
2783–2784. [CrossRef]

32. Fobi, M.A.; Lee, H.; Holness, R.; Cabinda, D. Gastric bypass operation for obesity. World J. Surg. 1998, 22, 925–935. [CrossRef]
33. Rutledge, R.; Kular, K.; Manchanda, N. The Mini-Gastric Bypass original technique. Int. J. Surg. 2019, 61, 38–41. [CrossRef]
34. Picot, J.; Jones, J.; Colquitt, J.L.; Gospodarevskaya, E.; Loveman, E.; Baxter, L.; Clegg, A.J. The clinical effectiveness and cost-

effectiveness of bariatric (weight loss) surgery for obesity: A systematic review and economic evaluation. Health Technol. Assess
2009, 13, 215–357. [CrossRef]

35. Ashrafian, H.; le Roux, C.W.; Darzi, A.; Athanasiou, T. Effects of bariatric surgery on cardiovascular function. Circulation 2008,
118, 2091–2102. [CrossRef]

36. Cummings, D.E.; Cohen, R.V. Beyond BMI: The need for new guidelines governing the use of bariatric and metabolic surgery.
Lancet Diabetes Endocrinol. 2014, 2, 175–181. [CrossRef]

37. Pories, W.J.; MacDonald, K.G.; Flickinger, E.G.; Dohm, G.L.; Sinha, M.K.; Barakat, H.A.; May, H.J.; Khazanie, P.; Swanson, M.S.;
Morgan, E.; et al. Is type II diabetes mellitus (NIDDM) a surgical disease? Ann. Surg. 1992, 215, 633–642. [CrossRef]

38. Buchwald, H.; Estok, R.; Fahrbach, K.; Banel, D.; Jensen, M.D.; Pories, W.J.; Bantle, J.P.; Sledge, I. Weight and type 2 diabetes after
bariatric surgery: Systematic review and meta-analysis. Am. J. Med. 2009, 122, 248–256.e5. [CrossRef]

39. Van Huisstede, A.; Rudolphus, A.; Castro Cabezas, M.; Biter, L.U.; van de Geijn, G.J.; Taube, C.; Hiemstra, P.S.; Braunstahl, G.J.
Effect of bariatric surgery on asthma control, lung function and bronchial and systemic inflammation in morbidly obese subjects
with asthma. Thorax 2015, 70, 659–667. [CrossRef]

40. Van Huisstede, A.; Rudolphus, A.; van Schadewijk, A.; Cabezas, M.C.; Mannaerts, G.H.; Taube, C.; Hiemstra, P.S.; Braunstahl, G.J.
Bronchial and systemic inflammation in morbidly obese subjects with asthma: A biopsy study. Am. J. Respir. Crit. Care Med. 2014,
190, 951–954. [CrossRef]

41. Jeng, E.I.; Aranda, J.M.; Ahmed, M.; Klodell, C.T. Left Ventricular Assist Device and Bariatric Surgery: A Bridge to Heart
Transplant by Weight and Waiting Time Reduction. J. Card Surg. 2016, 31, 120–122. [CrossRef]

42. Lim, C.P.; Fisher, O.M.; Falkenback, D. Bariatric surgery provides a “bridge to transplant” for morbidly obese patients with
advanced heart failure and may obviate the need for transplantation. Obes. Surg. 2016, 26, 486–493. [CrossRef] [PubMed]

43. Iacobellis, G.; Singh, N.; Wharton, S.; Sharma, A.M. Substantial changes in epicardial fat thickness after weight loss in severely
obese subjects. Obesity 2008, 16, 1693–1697. [CrossRef] [PubMed]
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