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Abstract: Obesity is a worldwide epidemic that leads to several non-communicable illnesses, includ-
ing chronic kidney disease (CKD). Diet and lifestyle modifications have shown a limited impact in
the treatment of obesity. Because the group of end-stage renal disease (ESRD) patients examined in
this study had limited access to kidney transplantation (KT), patients with obesity were thought to be
at an increased risk of intraoperative and postoperative KT complications. Although bariatric surgery
(BS) is now recognized as the gold standard treatment for morbid obesity, its role in ESRD or kidney
transplant patients remains unknown. It is critical to know the correlation between weight loss and
complications before and after KT, the impact of the overall graft, and patients” survival. Hence, this
narrative review aims to present updated reports addressing when to perform surgery (before or
after a KT), which surgical procedure to perform, and again, if strategies to avoid weight regain must
be specific for these patients. It also analyzes the metabolic alterations produced by BS and studies its
cost-effectiveness pre- and post-transplantation. Due to the better outcomes found in KT recipients,
the authors consider it more convenient to perform BS before KT. However, more multicenter trials
are required to provide a solid foundation for these recommendations in ERSD patients with obesity.

Keywords: obesity; bariatric surgery; chronic renal insufficiency; chronic kidney failure; kidney
transplantation

1. Introduction

Obesity, defined as excess body fat, has become a global epidemic and a major public
health problem; it is estimated that by 2025, 6% of men and 9% of women will have severe
obesity. It has been found that those with it have a 1.5 times greater risk of premature
mortality from all causes than their normal-weight counterparts [1,2]. Obesity and its
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complications are known risk factors for the onset and progression of chronic kidney
disease (CKD). Although body mass index (BMI) is inversely related to kidney function,
it is not the only explanation for this relationship [3]. Obesity contributes to the onset of
non-communicable illnesses such as arterial hypertension (AHT), diabetes mellitus (DM),
and atherosclerosis, all factors that also affect the development of CKD [4]. Further, the
literature indicates that in patients with CKD, weight loss reduces albuminuria and in some
cases delays the decrease in the estimated glomerular filtration rate, slowing the disease’s
progression [3].

Given the current global obesity epidemic, it is increasingly common for those who
need a kidney transplant (KT) to have a high BMI [3]. Changes in lifestyle through
healthy eating and exercise are the basis of obesity treatment under the supervision of
a multidisciplinary team. In addition, bariatric surgery (BS) has been postulated to be
the most effective treatment option for morbid obesity since it has been shown to lower
risk factors contributing to CKD development [5,6]. It should be noted that obesity not
only acts as a risk factor for the progression of this condition but is also risky in the
postoperative stage and can cause complications both short- and long-term [7,8]. For its
part, renal transplantation is the only curative treatment for CKD [9]. However, compared
to continuing dialysis, KT appears to provide a greater survival rate for those with this
condition [8]. A practical guide prepared by the Developing Education Science and Care
for Renal Transplantation in European States (DESCARTES) scientific working group of
the European Renal Association (ERA) suggests that BS should be considered in those
patients who require a KT and who have a BMI >40 kg/m?, as well as in those with a
BMI >35 kg/m? who have at least one obesity-related condition that can improve with
weight loss [8].

Likewise, it is essential to evaluate the most appropriate surgical technique to perform
BS, depending on the case, and to contemplate its risks and benefits [10]. The time to
perform BS is also a controversial aspect that must be considered, analyzing whether it is
appropriate to perform it before KT, during the intervention itself, or after it [11].

Due to the subject’s importance, this review aims to describe the most recent evidence
on BS and patients who are candidates for KT or have already received a transplant. To
do this, we will inquire about bariatric interventions in KT candidates/recipients, as well
as the most opportune moment to perform them. The metabolic changes caused by BS,
and its cost-effectiveness in KT, will also be investigated. Similarly, dietary regimens and
therapeutic strategies to avoid or minimize weight recovery will be evaluated.

2. Overview of Bariatric Interventions in Kidney Transplant Candidates/Recipients
2.1. Incidence of Morbid Obesity in This Class of Patients

Surgical scientific societies related to transplants in patients with obesity, especially
kidney and liver, tend to consider bariatric interventions as a great aid to improve the
possibility of these patients being on a transplant list. The Italian Society of Bariatric
and Metabolic Surgery for Obesity (SICOB), for example, recently developed the first
Italian guidelines for treating obesity. This group considers that for bariatric interventions
in patients with BMI >30 kg/m? with an indication for kidney or liver transplantation,
bariatric or metabolic surgeries are preferable to non-bariatric or metabolic surgical treat-
ments in order to increase the patients’ eligibility for kidney/liver transplantation, with
a 95.8% agreement consensus [12]. According to research reports in different countries,
the prevalence of morbid obesity in candidates for KT ranges from 6% to 30% [13-17]. A
study in Germany found prevalence rates of obesity before and after KT of 14.8 and 19.9%,
respectively, representing an increase of 34% in post-transplant individuals [13]. Another
study showed a proportion of KT recipients with obesity of 9.8% (95% confidence interval,
from 6.4 to 14.1%). Interestingly, this population had low adherence to the Mediterranean
diet (44.7%; 40.0 vs. 45.2% in those individuals with or without obesity, correspondingly;
p = 0.618), and 30.6% of participants had a low level of physical activity (44.0 vs. 29.1%
of those with or without obesity, respectively; p = 0.125) [12]. In a retrospective popu-
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lation study including 296,807 adults (age > 17 years), KT recipients with a transplant
between 2000 and 2019 presented pre-transplant BMI >35 kg/m? results with a preva-
lence of 10.5% [15]. Another retrospective cohort study, with 736 adult KT recipients,
aimed to assess the risk of surgical complications and found a prevalence of 14.2% with
BMI >35 kg/m? [16]. Interestingly, a 2017 meta-analysis of 165 studies (n = 1,534,845 par-
ticipants) concluded that obesity might be a protective factor for all-cause mortality in
the predialysis and hemodialysis populations; an increased risk was seen in transplant
recipients at morbid obesity levels. (>35 kg/m?). Ladhani et al. reported that the preva-
lence of obesity in the US is >30% among people on dialysis, as indicated previously by
Friedman [17,18].

2.2. Type of Bariatric Interventions Performed

Bariatric procedures implemented in morbidly obese patients with ESRD include
Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG) [10]. However, lifestyle
modifications are generally unsuccessful in significant weight loss in patients with morbid
obesity [19].

SG has several advantages over RYGB, as it is technically less challenging and faster,
has a lower incidence of surgical complications, and is commonly used in candidates
for KT with some degree of obesity in many transplant hospitals [9,20]. However, a
decision analytic-model created by Choudhury et al. to simulate the life of patients with
morbid obesity and ESRD who were deemed ineligible because having a pre-intervention
BMI > 45 kg/m?, revealed that when compared to SG and medical weight management,
RYGB enhances opportunities for KT, consequently expands long-term survival, and
improves access to KT for morbidly obese patients [10].

SG is commonly performed laparoscopically (LSG), which has been reported to be safe
and efficient [21,22], but more recently, with the advent of new robotic technology, robotic
SG is used among BS methods for some surgical specialties, such as transplants in the
morbidly obese. A randomized clinical trial by Spaggiari et al. at the University of Illinois,
US, compared the safety and efficacy of combining robotic SG and robotic-assisted KT
(KT + SG) to robotic KT alone (KT) in candidates with class II or III obesity, reporting
that graft failure rates after 1 year of follow-up were not different between the groups.
However, the change in BMI was -8.76 + 1.82 kg/m? in the (KT + SG) group compared to
1.70 £ 230 kg/ m? in the (KT) group (p = 0.0041), with no incidence of surgical complica-
tions [19].

2.3. Is a Specific BMI Cut-Off Point in Patients That Makes Bariatric Surgery More Effective?

Before considering BS there is a critical issue of the BMI cut-off point for allowing
access to KT waiting lists for high-risk ESRD candidates with obesity; this cut-off point
is often between 35 and 45 kg/m? [9]. Despite this, to date there is no standardized
specific point.

However, a machine learning approach used to analyze the results and characteristics
of morbidly obese KT recipients concluded that obesity itself should be reevaluated as an
impediment to KT because they found no differences between diverse clusters to one-year
graft survival as well as patient survival in this cohort, applying unsupervised machine
learning [23].

Despite all the advances in this field, a multicentric national research in Germany in
2022 reported that BS is only sometimes considered in every KT center in that country [9].
In the study, there was a consensus that there is no single treatment option for obese KT
candidates but that an integrated approach of nutritional counseling, activity programs,
and BS seems appropriate. Nevertheless, the accessibility of treatment choices at German
facilities was significantly higher than that found in a Canadian study in which a survey
was sent to most transplant nephrologists and surgeons across the country. This study
reported that BS experience was small, most transplant centers did not have a weight
management program, and that the BMI limit was a barrier to accessing the KT waiting
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list in Canada [24]. However, this can be explained by considering that it is uncommon
in German transplant centers to handle more than 25 patients with BS prior to KT [9]. An
evaluation of dietary regimes and more traditional strategies for weight loss before BS
shows evidence of only a limited benefit in achieving the goal of losing weight. According
to a small-sample retrospective study a traditional weight loss plan showed limited but
not insignificant positive results. The authors found that 26.3% of patients had successful
weight loss (BMI <35 kg/m?); however, no patient with a BMI >40 kg/m? was success-
ful [25]. Another study that compared KT candidates with a mean BMI of 44.4 + 4.6 kg/m?
who received a traditional weight loss approach (multidisciplinary consultation) with
a BS intervention showed that the traditional approach was ineffective, while BS was
strongly associated with subsequent KT (HR = 8.39 [95% CI 1.71 to 41.19]; p = 0.009) [25].
Sarno et al. recently reported that when comparing different types of diet, such as preopera-
tive low-calorie diet (LCD), very-low-calorie diet (VLCD), low-fat diet, intermittent fasting,
or a Mediterranean diet in relation to BS complications, it seems that LCD has shown
better tolerance and adherence than VLCD. Nonetheless, the authors suggest that better
controlled research is still needed to define the optimum diet plan for weight loss before BS,
since this issue has controversial positions [26]. It is also relevant to remember that complex
patients with comorbid obesity conditions should be supervised with combined strate-
gies before BS, including weight loss and the consumption of omega-3 fatty acids, which
have been shown to reduce liver steatosis and systemic inflammation, thus improving
postoperative outcomes [27]. In summary, as an overview of bariatric interventions in KT
candidates/recipients, it can be concluded that recent research shows that the prevalence of
obesity among KT candidates/recipients is around 30% in the US. However, reports from
other countries state that it is less than 15%. Another issue to consider is that according to
new publications, the most convenient surgical technology for BS is SG, considering that
robotic technology could improve its results. Finally, performing BS before KT seems to
be the most convenient time in terms of overall benefits for patients. Nonetheless, some
studies suggest that this claim is not valid in all cases (Figure 1).
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Figure 1. Overview of bariatric interventions in kidney transplantation (KT): (1) Research shows
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Timing preferred: BEFORE KT

the prevalence of morbid obesity among KT candidates ranges from 6 to 30%; (2) The preferred BS
procedure is SG; and (3) Performing BS before KT seems to be the most convenient time. BS: Bariatric
surgery, KT: Kidney transplantation, SG: sleeve gastrectomy.

3. Metabolic Changes Related to Bariatric Surgery
3.1. Impact of Bariatric Surgery on the Absorption and Effectiveness of Immunosuppressive Drugs

Among the potential risks of BS in KT recipients are the possible pharmacokinetic
alterations of immunosuppressive drugs and undesirable graft rejection. In this sense, some
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publications have shown that BS, depending on the type, indeed produces pharmacokinetic
changes in immunosuppressive drugs, but the evidence does not show a negative clinical
impact on immunosuppressive treatment or an increase in graft rejection. For example, in
two studies, among kidney, liver, pancreas, or kidney-pancreas transplant recipients SG
did not negatively influence the amount of immunosuppressive medication up to 1 year
after the transplant [28,29].

In line with this, tacrolimus blood levels decreased slightly with BS among solid-organ
transplant recipients but remained within the therapeutic range. Therefore, the authors
suggested that LSG and laparoscopic RYGB (LRYGB) allowed good immunosuppressive
management without graft rejection problems [30]. Similarly, in 11 KT recipients under-
going BS, blood concentrations remained relatively stable for calcineurin inhibitors but
showed an irregular pattern for cyclosporine A. However, this did not affect the graft
rejection rate in these patients 6 months after surgery [31].

More recently, a study reviewed the pharmacokinetics of immunosuppressive drugs
(tacrolimus, extended-release tacrolimus, mycophenolate mofetil, and enteric-coated my-
cophenolate sodium) in ESRD patients undergoing LSG. BS altered the pharmacokinetics
of all the drugs evaluated, with an increase in exposure and AUC24. For some drugs, the
maximum concentrations increased while the total apparent clearance decreased. Therefore,
the authors recommended increasing treatment follow-up, especially given the possible
need to reduce immunosuppressive medication in patients with BS [32].

3.2. Outcomes and Complications of Transplant Surgery. Impact of Obesity on KT Outcomes

A wide variety of retrospective and cohort studies have documented increased trans-
plant rejection and other complications among obese KT recipients. In general, compared
to normal weight/overweight recipients, the following outcomes have been documented
among obese patients: higher incidence of death, cardiac problems, surgical complications,
wounds or other bacterial infections, fascial dehiscence, and lymphoceles [33,34]. Other
complications observed more frequently among obese subjects were primary renal failure,
delayed graft function, a high incidence of loss of graft function, and even significantly
lower glomerular filtration rates 1 year post-transplantation [35]. In addition, lower patient
and graft survival has been described, after 1, 5, and up to 10 years of follow-up in obese
versus non-obese recipients [36]. In line with this, a meta-analysis of 17 observational
articles that included more than 130,000 patients found an association between recipient
obesity and a higher incidence of graft rejection and death associated with graft rejec-
tion [37]. However, some studies have not found a higher incidence of complications
in obese versus non-obese KT recipients. For instance, the prevalence of delayed graft
function, reinterventions, readmissions, wound-related complications, patient survival, or
kidney function at 1 year did not differ significantly across the groups as reported by a
more recent single-center retrospective study that compared BMI >40 patients (n = 84, BMI
=42 + 2 kg/m?) to a matched BMI <40 cohort (n = 84, BMI = 28 + 5 kg/m?) [38].

The degree of recipient weight loss influences the results after transplantation. Illus-
trating this, a cohort study that evaluated the results of KT in 7270 patients found more
significant graft survival in non-obese patients compared to their counterparts. It is note-
worthy that a higher graft survival was also found in patients with obesity who lost more
than 10% weight compared to patients with obesity and without weight loss. However,
that research did not find a relationship between obesity or weight loss with mortality after
transplantation [39].

It is well known that the weight of the organ donor can influence transplant outcomes
for the recipient. A cohort study of more than 200,000 KT recipients compared donor—
recipient pairs based on the prevalence of obesity. Graft rejection was associated with
recipient obesity, and the risk of rejection was higher when both donor and recipient were
obese [40].

Despite the evidence, the complete role of recipient obesity as a risk factor for poor
outcomes after KT remains unclear. Among the investigations that failed to find a rela-
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tionship between obesity and poor outcomes is a cohort study of more than 17,000 renal
recipients with BMIs from <18.5 to >40 kg/m? followed for more than 5 years. The authors
found no differences in patient survival or graft survival between patients with different
BMIs [41]. More recently, a meta-analysis of 17 prospective and retrospective observational
articles found no relationship between recipient BMI and the incidence of early hospital
readmission within 30 days after KT [42].

3.3. Impact of BS on Weight Loss and Outcomes in KT Patients

Considering the evidence, it is strongly recommended to encourage patients with
obesity to lose weight and maintain an adequate weight before KT [8]. Therefore, it is
essential to establish successful treatments to lower the risk of poor outcomes in patients
undergoing interventions to reduce obesity, mainly BS.

To date, controversial results related to the optimal time to perform BS have been
reported, although most researchers recommend a “before KT” approach. Here are some
scientific findings that illustrate the controversy on this point. First, some studies show
greater benefits of BS performed before KT. A recent systematic review of 31 articles pub-
lished in 2022 reported that 18 studies found a 13.7% graft loss and 9.1% mortality within
5 years post-transplantation in patients without pretransplantation BS. Nevertheless, among
recipients with pretransplantation BS, 15 studies showed 8.7% graft loss and 2.8% mortality
between 1 month and 5 years after transplantation [2], suggesting a better performance
with BS before KT. Similar findings were reported by Schindell et al. in a retrospective
case-control study with a mean follow-up of 2.4 £ 1.3 years. In this research, the authors
described a significant decrease in glomerular filtration rates and lower comorbidities
(p < 0.001) in patients who underwent BS before KT compared with the controls [11].

On the contrary, some studies show no difference in weight loss or outcomes in
patients with BS before vs. after KT. A study by Cohen et al. found equivalent results
in maintaining weight loss and improving long-term survival of allograft with BS before
and after KT compared to matched controls, suggesting that BS is a safe and reasonable
approach to weight loss before and after transplantation [20]. As in other transplanted
organs, the tendency is to perform BS before the transplant for better results, such as for
liver transplantation [43].

In this regard, a retrospective study examining patients undergoing BS before
(n = 43) or after (n = 21) KT found increased graft survival in BS patients versus con-
trols. However, they found no difference in weight loss between patients who underwent
BS before or after KT [44]. Similarly, a prospective clinical trial following eight KT candi-
dates with obesity (mean BMI 38.8 kg/m?) and undergoing LSG showed beneficial effects
of BS. Approximately 3 months after BS, the BMI dropped below 35 kg/m?, and one year
after BS, 62.7% of body mass was lost. KT was performed approximately 17 months after
successful BS, resulting in good graft function for up to 3.2 £ 1.4 years of follow-up [21].

At this point, a thorough dissection of the available literature reveals the need for
more and better-conducted studies to assess the true impact of BS on KT outcomes. To
illustrate this issue, we examine a systematic review by Mousapour et al., who aimed to
understand the impact of BS on KT outcomes. They reviewed 31 articles with more than
2000 KT candidates with obesity. The authors found no differences concerning graft loss,
patient mortality, delayed graft function, wound complications, and lymphocele between
patients who received BS and those without BS after a follow-up time of between 1 month
and more than 5 years. We consider that very marked differences between the groups of
articles contrasted did not allow them to establish accurate comparisons. For example, the
methodological quality of the studies, the proportion of living donors, and the total number
of subjects evaluated were much lower in the investigations related to patients with obesity
that underwent BS. The type of BS and the follow-up period were described in only some
cases. In addition, there were studies with differing subject follow-up periods [2].
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3.4. Diet Regimens and Therapeutic Strategies to Avoid or Minimize Weight Regain

Weight regain has been described in some studies, which report a high frequency of
patients who gained weight after KT. Cohort studies in Brazil and Saudi Arabia determined
that 72.7% and 54.6% of patients gained weight after 1 year of KT, respectively [45,46].

It is important to consider that obesity /weight gain after KT is multifactorial. Some
receptor factors related to weight gain are older age [13], female gender [13,45,47], lower
hospitalization rate [45], creatinine level [47], and lower body weight or obesity before
KT [45,46]. Having received kidneys from a living or younger donor was also related
to weight gain [45-47]. Conversely, some studies have found no relationship between
using steroids or calcineurin inhibitors with weight gain or increased anthropometric
measurements in KT recipients [47,48].

Notably, the possibility of gaining weight after the KT could differ depending on the
patient’s initial weight before the KT. For example, a retrospective study in 131 patients
classified as malnourished, eutrophic, or with obesity found a highly significant weight
gain 6 and 12 months after KT in all groups of patients. The problem is that although a good
proportion of previously malnourished and eutrophic patients gained weight, none became
obese 12 months after KT. In contrast, among patients who were initially overweight or
obese, 28.6% and 100% were obese at 6 months post-RT, respectively [49]. Diet regimens
are aids in weight loss when used before or after BS. For example, administering a VLC-
ketogenic diet for 30 days prior to BS is safe and effective for weight and visceral fat
reduction, blood glucose lowering, and improving the lipid profile [50].

As explained in detail by Schiavo et al., 2017, in people with obesity there is a more
significant amount of fat mass (FM) and fat-free mass (FFM) compared to that found in
women and men of normal weight [51]. Considering the importance of maintaining FFM as
a metabolically active mass, it is recommended that weight reduction measures be applied
to achieve a reduction in FF and FFM until the levels reach what patients would have under
normal weight conditions. Emphasis is also placed on measuring body composition before
and after BS to ensure the quantification of changes in FM and FFM [51]. On the other hand,
in patients with BS, an adjustment of the amount of protein and the general composition
of the diet is suggested [51]. Providing enriched/high protein diets to individuals with
obesity before and after LSG has produced beneficial effects. For example, a Mediterranean
protein-enriched diet administered to subjects with obesity for 8 weeks before BS reduced
weight, visceral fat, liver size, and fat mass, with the advantage that it did not produce a
significant loss of FM [52]. Similarly, a high protein diet administered postoperatively up
to 12 months after BS reduced FM more and FFM less than a normal protein diet [53].

3.5. Nutritional Behavior

Guiding and monitoring diet and eating habits after BS is fundamental to maintaining
weight loss and avoiding nutritional deficits and metabolic disorders. To illustrate this
point, we analyzed the results of a 4-year follow-up study of patients undergoing SG, in
which information on their dietary habits was collected and compared with the recommen-
dations of the Italian Mediterranean diet. Among the positive results, the improvement
and/or remission of obstructive sleep apnea (100%), type 2 diabetes (73%), and to a lesser
extent, hypertension (64.7%) stand out. Unfortunately, the authors noted several unhelpful
findings. First, they found an inadequate intake of fruit, vegetables, poultry, and complex
carbohydrates, as well as anemia and deficiencies in vitamin B12, vitamin D, folic acid,
and iron. All this is combined with a deficient consumption of micronutrient supplements.
Second, weight recovery occurred in 37.8% of the participants. It must be taken into ac-
count that one in three subjects who gained weight had these three unfavorable habits: low
consumption of vegetables and fruits; high consumption of rice, pasta, bread, and potatoes;
and no physical activity [53].

Finally, nutritional behavior was evaluated after a follow-up period of 94 &+ 67 months
after KT in 154 patients with a BMI of between 19.1 and 40.8 kg/m? (45.5% overweight
and 16.2% obese). Unfortunately, food consumption was not balanced. The daily amount
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consumed per patient was very high for meat, bread, potatoes, sweet foods, and salt. The
patients ingested excessive food with a high energy density, especially with large amounts
of saturated fatty acids. The authors speculate that the rigorous dietary habits followed by
these patients while they had kidney disease were lost after KT [54].

Given these findings, it is highly desirable that KT candidates and recipients are
closely guided and monitored concerning diet and nutritional status, as recommended
elsewhere [8].

In KT recipients, BS can produce pharmacokinetic changes in immunosuppressive
drugs, which do not appear to have a negative clinical impact on immunosuppressive
therapy or increased graft rejection. However, close monitoring is recommended due to
the possible need to adjust immunosuppressive medication in patients with BS. Analyzing
the evidence, it is strongly encouraged that patients with obesity lose weight and maintain
an adequate weight before and after the KT; this is where BS is crucial. BS is effective in
reducing weight in KT candidates and recipients, but there is a need for more and better
studies to assess the true impact of BS on KT outcomes. Guiding and controlling diet and
eating habits after BS is fundamental to maintaining weight loss and avoiding nutritional
deficits and metabolic disorders.

4. Cost-Effectiveness of Bariatric Surgery in Kidney Transplantation

Obesity is rising among the adult population, even in patients with kidney failure
who need transplants. Obesity is also linked to inferior transplant outcomes and is a
relative contraindication to organ transplantation [42]. KT is a life-improvement treatment
that results in lower hospitalization rates and significant long-term cost savings to health
systems compared to dialysis. The expected health costs over 10years were avoided
through KT, resulting in a cost savings of EUR 380,000 per patient compared with no
transplantation, independent of patient age [55].

Some reports mention that BS may be used as a bridge for patients in need of trans-
plantation who are not eligible for it because of their morbid obesity [56]. There is still
no guideline or consensus on the highest BMI to be considered a contraindication to KT.
Most guidelines strongly suggest that weight loss must be encouraged for patients with
BMI >30 kg/m? [57].

The effect of the degree of obesity studied on KT patients describes an increased patient
survival and graft survival following KT when comparing patients with a BMI of 30-35
and those with a BMI >35 at 1 and 5 years after transplantation [56]. Many large studies
have shown that obesity among KT recipients is linked with a higher risk of complications
after the procedure, such as allograft failure and death. Patients with a BMI of 34-36 kg/m?
had a higher risk of post-transplant death, indicating that KT may carry an unacceptable
level of risk in these patients and that the benefit of transplant should be weighed against
the risk of continuing on dialysis [58].

BS may benefit select end-stage organ disease patients with obesity [57], increase
the transplant candidacy of patients with obesity and ESRD, and potentially improve
immediate and late outcomes. Obesity comorbidities are reported as the leading cause
of ESRD. Patients with obesity on waiting lists can develop several comorbid conditions
requiring temporary wait-list suspension. The higher mortality risk seen in patients with
obesity during the peritransplant period may be connected with concurrent comorbid
disorders that could deteriorate in the post-transplantation period or be the outcome of
peritransplant complications. The most commonly performed BS procedures in patients
with ESRD and transplant patients are LSG and LRYGB [59].

Weight loss in patients with ESRD is extremely difficult due to many reasons, such as
restrictions on a renal diet, limited exercise tolerance due to coexisting comorbid conditions,
and dialysis-related fatigue. Medical management could have limited long-term success,
but it takes a longer time, while BS could offer a reliable strategy to achieve weight loss in
KT candidates [59].
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Yemini et al. concluded that LSG and LRYGB appear to effectively work in patients
with obesity because they address obesity issues before KT and improve surgical access for
them to the waiting list for KT. Morbidly obese KT candidates would benefit from prior
BS. It is critical to mention that all patients underwent a multidisciplinary evaluation by a
dietitian, psychologist, anesthesiologist, bariatric surgeon, and other specialist consultants
as needed prior to the BS [57]. LSG may be preferred in the ESRD population and may
provide considerable benefits over LRYGB, such as a simpler and quicker surgical process
and a reduced risk of complications related to surgery [59].

Many risks should be considered prior to a BS. Complications from surgical interven-
tions in kidney recipients may be higher than in the general population. Furthermore, BS
can impair the absorption of immunosuppressive drugs [60]. This concern would highlight
the importance of closely monitoring immunosuppressive concentrations following BS,
mainly during the first few months following the procedure [59].

BS is linked to significant weight loss (from 29.8% to 72.8%) in ESRD patients, with
documented death and morbidity rates of 2% and 7%, correspondingly [59]. Some benefits
from BS are obesity-related comorbidities remission, defined as a complete withdrawal of
medical treatment with normal laboratory results or improvement of medication dosage.
Some improved comorbidities are type 2 diabetes, dyslipidemia, and a decrease in patients’
cardiometabolic risk [57]. These positive outcomes mean that the benefits of weight loss
they achieved may help improve survival while waiting for a suitable organ donor [42].

As expected, ESRD patients experience more post-bariatric surgical problems than
non-ESRD patients. The death rate reported in various BS cohorts (0.18% in meta-analysis)
can be 10 times higher than the mortality risk in patients with ESRD and no BS evaluated
by this meta-analysis (2%; 95% CI: 0-3%) [61].

Another study showed that BS has significant and sustainable effects on weight loss,
can improve transplant candidacy effectively, and can successfully move patients through
the care pathway to transplantation. Since around 14% of patients with CKD who receive
hemodialysis therapy suffer from severe obesity, increasing their chance of transplant
eligibility could also result in significant long-term cost savings to health systems [42].

In addition, when evaluating a patient candidate for BS, the transplant specialist
must weigh the risks of the procedure in class II-III obese patients with chronic renal
failure, taking into account the potentially increased success rate of KT in a recipient
who is less obese versus the combined risks of KT in an immunosuppressed patient with
diabetes. There is currently conflicting evidence on the viability and safety of BS for certain
people [57]. Following transplantation, weight loss brought on by BS seems to have a
good effect on how well the grafted kidney functioned; however, immunosuppressant
medication had to be carefully monitored [61].

Few studies have analyzed the role of BS after KT in morbidly obese recipients. BS
in KT recipients may be associated with an increased operative time, length of stay, read-
mission, and surgical site infection but not with increased mortality. Following kidney
transplantation, BS is linked to considerable and persistent weight loss, a decrease in
comorbidities, and an enhancement in graft function without significantly changing im-
munosuppressive treatment absorption [59].

There is currently no recommendation for the best kind of BS to perform in patients
awaiting transplantation or who have already received one. Additional research should
compare patients who had BS with those who did not have it regarding access to KT. It
is essential to discuss the prognosis of people who have BS but are still receiving dialysis
(Figure 2) [61].
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Sleeve Roux - y - gastric
gastrectomy bypass

Weight loss

Remission of obesity
related comorbidities

Meeting transplant
waiting list criteria

Figure 2. Cost-Effectiveness of Bariatric Surgery in kidney transplantation. Bariatric surgery can be
done before kidney transplantation. The main goal is to meet the proper weight-listing requirements
and reduce the risk of perioperative-transplant morbidity and mortality. After the bariatric surgery
there is a reduction of comorbidities related to obesity.

5. Future Perspectives

KT can offer better survival rates for patients with and without obesity, so meeting
the list requirements and reducing the patients” comorbidities is vital. The best type of BS
and the time to perform it before KT remains to be elucidated [59]. Chronic kidney failure
(CKEF) is made worse by obesity. Patients with severe obesity stages, defined as classes II
and III, with a BMI >35 kg/ m? are candidates for BS, which is the most effective way to
lose weight for a more extended period of time.

Weight loss may alleviate or reverse diabetes and hypertension, improve adipocy-
tokine profiles, and withdraw glomerular hyperfiltration and albuminuria, among other
favorable outcomes [62]. Obesity-related cardiometabolic comorbidities such as hyperten-
sion and type 2 diabetes also worsen kidney function with an increased risk of glomeru-
losclerosis and nephropathy, so weight loss is a defining factor. The mean percentage of
body weight loss for individuals with obesity using nonsurgical methods is from 5 to 10%
of their initial weight. In patients with class II (BMI > 35) or class III obesity (BMI > 40),
such a small reduction is often insufficient to improve their access to be eligible for KT.
BS might allow them to lose enough weight quickly, permitting them to improve renal
function and comorbidities. The metabolic benefit would likely be significant for this group
of patients [61].

Pretransplant BS is innocuous and may make transplantation more accessible to
individuals with obesity. There are two types of possible surgery, LSG and LRYGB, and
both appear to work effectively in patients with obesity because they address obesity
problems before KT and improve surgical access for them to the list of KT [59].

LSG could be preferable and offer significant advantages over RYGB, including a more
effortless and faster surgical procedure and a lower incidence of surgical complications.
In pretransplant, LSG results in sustained weight loss and is associated with improving
obesity-related comorbidities. Moreover, LSG appears not to alter immunosuppressive
pharmacokinetics, avoiding under- and over-immunosuppression [59]. Alterations in
pharmacokinetics with the immunosuppressants have been observed in patients who
underwent RYGB related to the characteristics of this procedure, which is associated with
gastric restriction and a degree of malabsorption [44].
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In comparison to the matched controls, BS leads in equivalent maintenance of weight
loss and enhanced long-term allograft survival. In order to lose weight both before and
after transplantation, BS seems to be an effective and proper option [44].

Any attempt should be made to improve the results for these patients, and obesity
should not rule out the prospect of a KT. It has been established that BS can reduce
obesity- and weight-related comorbidities while improving access to KT waiting lists
and patient safety. Future research should assess the possible contribution of BS to the
management of post-transplant problems in recipients with obesity and the long-term
decrease of cardiovascular problems (Figure 3) [59].

BMI >35 kg/m2
Class Il - lll Obesity

Chronic kidney disease
Waiting list for kidney transplantation

Fail to weight loss, moderate to
severe comorbidities

Laparoscopic sleeve
gastrectomy

Pretransplant: Weight loss and remision of comorbities
After transplant: weight loss and improved longterm allograft survival

Figure 3. Chronic kidney disease, obesity class II-III, and bariatric surgery. Patients with chronic
kidney disease and waiting for transplantation can have bariatric surgery with the benefits of weight
loss and remission of their comorbidities while on the waiting list. Bariatric surgery after transplant
can improve long-term allograft survival. LSG is preferable for its fewer complications. BMI = body
mass index.

6. Conclusions

Obesity is a serious public health problem, and its presence and associated comorbidi-
ties impact the development and evolution of CKD. Based on the need to perform a KT,
different scientific societies recommend losing body weight to improve the procedure’s
short- and long-term outcomes. Changes in diet and lifestyle are essential but often insuffi-
cient, so BS is considered an aid. This will allow control of associated comorbidities as well
as increase the chances of KT candidacy.

RYGB and SG are among the different surgical techniques to reduce weight. The latter
consists of a simpler intervention with a lower risk of complications; however, RYGB has
been shown to increase long-term survival compared to SG.

Another critical aspect to consider is the most appropriate time for BS. Many publi-
cations recommend performing it prior to KT since it reduces the possibility of graft loss
and post-transplant mortality. However, other studies have shown benefits even if the
intervention is performed after KT.

Although it is common for the BMI cut-off point for KT to be between 35 and
45 kg/m?, there is no consensus on this. Although BS is one of the options, more tra-
ditional strategies are also used to achieve the desired weight loss. Despite the lack of
consensus on the ideal diet to follow, the LCD has been shown to have the most benefits,
since patients tolerate it well.
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The risk of immunosuppressive drug pharmacokinetic changes and undesirable graft
rejection is a critical factor to consider in patients with BS. Some drugs have been found
to decrease slightly in effectiveness with BS but remain within the therapeutic range.
Other studies suggest that in patients undergoing LSG, for some drugs, the maximum
concentrations increased while the total apparent clearance decreased; therefore, frequent
patient monitoring during this period is essential to make the necessary adjustments to
the medication.

Undoubtedly patients with obesity who must receive a KT will benefit from losing
weight, but work must be done so that after having lost weight, an increase does not occur
again. Studies have revealed that a considerable percentage of individuals gain weight
after KT. Following the intervention, it is critical to teach the patient healthy eating habits
in order to maintain weight loss and avoid nutritional deficiencies.

Author Contributions: Conceptualization, G.S. and L.S.; methodology, E.E-T.; validation, G.S., G.M.
and V.P; investigation, F.C.; resources, M.M.; writing—original draft preparation, B.Q., E.G.V. and
R.S.; writing—review and editing, G.S. and L.S.; and supervision, A.I. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the anonymous nature of data.

Informed Consent Statement: Patient consent was waived due to the anonymous nature of the data.
Data Availability Statement: The data is available through a specific request to the authors.

Acknowledgments: Thanks to the National Center 5 “National Biodiversity Future Center” (identifi-
cation code CN00000033), theme “Biodiversity”, funded under the National Recovery and Resilience
Plan (PNRR)-Mission 4, Component 2 “From Research to Business” Investment 1.4 “Strengthening
research structures and creation of “national R&D champions” on some Key Enabling Technologies”
Funded by the European Union—Next Generation EU.

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

References

1.

10.

Mayoral, L.P.; Andrade, G.M.; Mayoral, E.P.; Huerta, T.H.; Canseco, S.P.; Canales, E]J.; Cabrera-Fuentes, H.A.; Cruz, M.M,;
Santiago, A.D.; Alpuche, ].J.; et al. Obesity subtypes, related biomarkers & heterogeneity. Indian J. Med. Res. 2020, 151, 11-21.
[CrossRef] [PubMed]

Mousapour, P; Ling, J.; Zimbudzi, E. Comparison of Kidney Transplantation Outcomes Between Patients with and Without
Pre-transplantation Bariatric Surgery: A Systematic Review. Obes. Surg. 2022, 32, 4066—4081. [CrossRef] [PubMed]

Chintam, K.; Chang, A.R. Strategies to treat obesity in patients with CKD. Am. |. Kidney Dis. 2021, 77, 427-439. [CrossRef]
[PubMed]

Chen, Y.; Dabbas, W.; Gangemi, A.; Benedetti, E.; Lash, J.; Finn, PW.; Perkins, D.L. Obesity Management and Chronic Kidney
Disease. Semin. Nephrol. 2021, 41, 392-402. [CrossRef]

Montgomery, ].R.; Telem, D.A.; Waits, S.A. Bariatric surgery for prospective living kidney donors with obesity? Am. J. Transplant.
2019, 19, 2415-2420. [CrossRef]

Kostro, J.Z.; Bzoma, B.; Proczko-Stepaniak, M.; Hellmann, A.R.; Ha¢, S.; Kaska, L.; Debska-Slizieri, A. Kidney Transplantation in
Patients After Bariatric Surgery: High-Volume Bariatric and Transplant Center Experience. Transplant. Proc. 2022, 54, 955-959.
[CrossRef]

Gioco, R; Sanfilippo, C.; Veroux, P; Corona, D.; Privitera, F,; Brolese, A.; Ciarleglio, F; Volpicelli, A.; Veroux, M. Abdominal wall
complications after kidney transplantation: A clinical review. Clin. Transplant. 2021, 35, €14506. [CrossRef]

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. Transplant. 2021, 37 (Suppl. S1), i1-i15. [CrossRef]

Dziodzio, T.; Hillebrandt, K.H.; Knitter, S.; Nosser, M.; Globke, B.; Ritschl, P.V.; Biebl, M.; Denecke, C.; Raakow, J.; Lurje, G.; et al.
Body Mass Index Thresholds and the Use of Bariatric Surgery in the Field of Kidney Transplantation in Germany. Obes. Surg.
2022, 32, 1641-1648. [CrossRef]

Choudhury, R.A ; Hoeltzel, G.; Prins, K.; Chow, E.; Moore, H.B.; Lawson, PJ.; Yoeli, D.; Pratap, A.; Abt, PL.; Dumon, K.R.; et al.
Sleeve Gastrectomy Compared with Gastric Bypass for Morbidly Obese Patients with End Stage Renal Disease: A Decision
Analysis. |. Gastrointest. Surg. 2020, 24, 756-763. [CrossRef]


https://doi.org/10.4103/ijmr.IJMR_1768_17
https://www.ncbi.nlm.nih.gov/pubmed/32134010
https://doi.org/10.1007/s11695-022-06308-1
https://www.ncbi.nlm.nih.gov/pubmed/36227430
https://doi.org/10.1053/j.ajkd.2020.08.016
https://www.ncbi.nlm.nih.gov/pubmed/33075388
https://doi.org/10.1016/j.semnephrol.2021.06.010
https://doi.org/10.1111/ajt.15260
https://doi.org/10.1016/j.transproceed.2022.03.014
https://doi.org/10.1111/ctr.14506
https://doi.org/10.1093/ndt/gfab310
https://doi.org/10.1007/s11695-022-06000-4
https://doi.org/10.1007/s11605-019-04225-w

Nutrients 2023, 15, 2508 13 of 15

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Schindel, H.; Winkler, J.; Yemini, R.; Carmeli, I.; Nesher, E.; Keidar, A. Survival benefit in bariatric surgery kidney recipients may
be mediated through effects on kidney graft function and improvement of co-morbidities: A case-control study. Surg. Obes. Relat.
Dis. 2019, 15, 621-627. [CrossRef] [PubMed]

De Luca, M.; Zappa, M.A.; Zese, M.; Bardi, U.; Carbonelli, M.G.; Carrano, EM.; Casella, G.; Chianelli, M.; Chiappetta, S.; Iossa, A.;
et al. Development of the Italian Clinical Practice Guidelines on Bariatric and Metabolic Surgery: Design and Methodological
Aspects. Nutrients 2022, 15, 189. [CrossRef] [PubMed]

Nohre, M.; Schieffer, E.; Hanke, A.; Pape, L.; Schiffer, L.; Schiffer, M.; de Zwaan, M. Obesity After Kidney Transplantation-Results
of a KTx360°Substudy. Front. Psychiatry 2020, 11, 399. [CrossRef]

Tarsitano, M.G.; Porchetti, G.; Caldara, R.; Secchi, A.; Conte, C. Obesity and lifestyle habits among kidney transplant recipients.
Nutrients 2022, 14, 2892. [CrossRef]

Schold, J.D.; Augustine, J.J.; Huml, A.M.; Fatica, R.; Nurko, S.; Wee, A.; Poggio, E.D. Effects of body mass index on kidney
transplant outcomes are significantly modified by patient characteristics. Am. J. Transplant. 2021, 21, 751-765. [CrossRef]
Veasey, TM.; Fleming, ].N.; Strout, S.E.; Miller, R.; Pilch, N.A.; Meadows, H.B.; Mardis, C.R.; Mardis, B.A.; Shenvi, S.; McGillicuddy,
J.; et al. Morbid obesity and functional status as predictors of surgical complication after renal transplantation. Am. J. Surg. 2018,
215, 663-668. [CrossRef] [PubMed]

Friedman, A.N. Obesity in patients undergoing dialysis and kidney transplantation. Adv. Chronic Kidney Dis. 2013, 20, 128-134.
[CrossRef]

Ladhani, M.; Craig, ].C.; Irving, M.; Clayton, P.A.; Wong, G. Obesity and the risk of cardiovascular and all-cause mortality in
chronic kidney disease: A systematic review and meta-analysis. Nephrol. Dial. Transplant. 2017, 32, 439—-449. [CrossRef]
Spaggiari, M.; Di Cocco, P; Tulla, K.; Kaylan, K.B.; Masrur, M.A.; Hassan, C.; Alvarez, J.A.; Benedetti, E.; Tzvetanov, L
Simultaneous robotic kidney transplantation and bariatric surgery for morbidly obese patients with end-stage renal failure. Am. J.
Transplant. 2021, 21, 1525-1534. [CrossRef]

Vilallonga, R.; Fort, ].M.; Caubet, E.; Gonzalez, O.; Armengol, M. Robotic sleeve gastrectomy versus laparoscopic sleeve
gastrectomy: A comparative study with 200 patients. Obes. Surg. 2013, 23, 1501-1507. [CrossRef]

Kienzl-Wagner, K.; Weissenbacher, A.; Gehwolf, P.; Wykypiel, H.; Ofner, D,; Schneeberger, S. Laparoscopic sleeve gastrectomy:
Gateway to kidney transplantation. Surg. Obes. Relat. Dis. 2017, 13, 909-915. [CrossRef] [PubMed]

Kim, Y.; Bailey, A.].; Morris, M.C.; Kassam, A.F,; Shah, S.A.; Diwan, T.S. Kidney transplantation after sleeve gastrectomy in the
morbidly obese candidate: Results of a 2-year experience. Surg. Obes. Relat. Dis. 2020, 16, 10-14. [CrossRef] [PubMed]
Tsapepas, D.; Sandra, V.; Dale, L.A.; Drexler, Y.; King, K.L.; Yu, M.; Toma, K.; Van Bever, ].; Sanichar, N.; Husain, S.A.; et al.
Retrospective analysis of the impact of severe obesity on kidney transplant outcomes. Nephrol. Dial. Transplant. 2022, 38, 472—480.
[CrossRef]

Chan, G.; Soucisse, M. Survey of Canadian Kidney Transplant Specialists on the Management of Morbid Obesity and the
Transplant Waiting List. Can. |. Kidney Health Dis. 2016, 3, 2054358116675344. [CrossRef]

Hajjar, R.; Marcotte, C.; Chan, G. Conservative Management of Obesity in Kidney Transplant Candidates. J. Ren. Nutr. 2022, 32,
347-353. [CrossRef] [PubMed]

Sarno, G.; Calabrese, P; Frias-Toral, E.; Ceriani, E.; Fuchs-Tarlovsky, V.; Spagnuolo, M.; Cucalén, G.; Cérdova, L.A.; Schiavo, L.;
Pilone, V. The relationship between preoperative weight loss and intra and post-bariatric surgery complications: An appraisal of
the current preoperative nutritional strategies. Crit. Rev. Food Sci. Nutr. 2022, 12, 1-9. [CrossRef]

Schiavo, L.; Pilone, V.; Rossetti, G.; Iannelli, A. The Role of the Nutritionist in a Multidisciplinary Bariatric Surgery Team. Obes.
Surg. 2019, 29, 1028-1030. [CrossRef]

Elli, E.E; Gonzalez-Heredia, R.; Sanchez-Johnsen, L.; Patel, N.; Garcia-Roca, R.; Oberholzer, J. Sleeve gastrectomy surgery in obese
patients post-organ transplantation. Surg. Obes. Relat. Dis. 2016, 12, 528-534. [CrossRef]

Gazzetta, P.G.; Bissolati, M.; Saibene, A.; Ghidini, C.G.A.; Guarneri, G.; Giannone, F.; Adamenko, O.; Secchi, A.; Rosati, R.; Socci,
C. Bariatric Surgery to Target Obesity in the Renal Transplant Population: Preliminary Experience in a Single Center. Transplant.
Proc. 2017, 49, 646—649. [CrossRef]

Yemini, R.; Nesher, E.; Winkler, J.; Carmeli, I.; Azran, C.; Ben David, M.; Mor, E.; Keidar, A. Bariatric surgery in solid organ
transplant patients: Long-term follow-up results of outcome, safety, and effect on immunosuppression. Am. J. Transplant. 2018,
18, 2772-2780. [CrossRef]

Pané, A.; Molina-Andujar, A.; Olbeyra, R.; Romano-Andrioni, B.; Boswell, L.; Montagud-Marrahi, E.; Jiménez, A.; Ibarzabal, A,;
Viaplana, J.; Ventura-Aguiar, P.; et al. Bariatric Surgery Outcomes in Patients with Kidney Transplantation. J. Clin. Med. 2022, 11,
6030. [CrossRef] [PubMed]

Chan, G.; Hajjar, R.; Boutin, L.; Garneau, P.Y.; Pichette, V.; Lafrance, ].P; Elftouh, N.; Michaud, J.; du Souich, P. Prospective study
of the changes in pharmacokinetics of immunosuppressive medications after laparoscopic sleeve gastrectomy. Am. J. Transplant.
2020, 20, 582-588. [CrossRef] [PubMed]

Foucher, Y.; Lorent, M.; Albano, L.; Roux, S.; Pernin, V.; Le Quintrec, M.; Legendre, C.; Buron, F.; Morelon, E.; Girerd, S.; et al.
Renal transplantation outcomes in obese patients: A French cohort-based study. BMIC Nephrol. 2021, 22, 79. [CrossRef] [PubMed]
Scheuermann, U.; Babel, J.; Pietsch, U.C.; Weimann, A ; Lyros, O.; Semmling, K.; Hau, H.M.; Seehofer, D.; Rademacher, S.; Sucher,
R. Recipient obesity as a risk factor in kidney transplantation. BMC Nephrol. 2022, 23, 37. [CrossRef] [PubMed]


https://doi.org/10.1016/j.soard.2019.01.034
https://www.ncbi.nlm.nih.gov/pubmed/30827810
https://doi.org/10.3390/nu15010189
https://www.ncbi.nlm.nih.gov/pubmed/36615848
https://doi.org/10.3389/fpsyt.2020.00399
https://doi.org/10.3390/nu14142892
https://doi.org/10.1111/ajt.16196
https://doi.org/10.1016/j.amjsurg.2017.05.009
https://www.ncbi.nlm.nih.gov/pubmed/28622834
https://doi.org/10.1053/j.ackd.2012.10.009
https://doi.org/10.1093/ndt/gfw075
https://doi.org/10.1111/ajt.16322
https://doi.org/10.1007/s11695-013-1039-3
https://doi.org/10.1016/j.soard.2017.01.005
https://www.ncbi.nlm.nih.gov/pubmed/28216112
https://doi.org/10.1016/j.soard.2019.09.069
https://www.ncbi.nlm.nih.gov/pubmed/31668565
https://doi.org/10.1093/ndt/gfac169
https://doi.org/10.1177/2054358116675344
https://doi.org/10.1053/j.jrn.2021.03.005
https://www.ncbi.nlm.nih.gov/pubmed/33941439
https://doi.org/10.1080/10408398.2022.2074963
https://doi.org/10.1007/s11695-019-03706-w
https://doi.org/10.1016/j.soard.2015.11.030
https://doi.org/10.1016/j.transproceed.2017.02.032
https://doi.org/10.1111/ajt.14739
https://doi.org/10.3390/jcm11206030
https://www.ncbi.nlm.nih.gov/pubmed/36294351
https://doi.org/10.1111/ajt.15602
https://www.ncbi.nlm.nih.gov/pubmed/31529773
https://doi.org/10.1186/s12882-021-02278-1
https://www.ncbi.nlm.nih.gov/pubmed/33673808
https://doi.org/10.1186/s12882-022-02668-z
https://www.ncbi.nlm.nih.gov/pubmed/35042452

Nutrients 2023, 15, 2508 14 of 15

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Liese, J.; Bottner, N.; Biittner, S.; Reinisch, A.; Woeste, G.; Wortmann, M.; Hauser, I.A.; Bechstein, W.O.; Ulrich, E. Influence of the
recipient body mass index on the outcomes after kidney transplantation. Langenbecks Arch. Surg. 2018, 403, 73-82. [CrossRef]
Yemini, R.; Rahamimov, R.; Nesher, E.; Anteby, R.; Ghinea, R.; Hod, T.; Mor, E. The Impact of Obesity and Associated Comorbidities
on the Outcomes after Renal Transplantation with a Living Donor vs. Deceased Donor Grafts. J. Clin. Med. 2022, 11, 3069.

Hill, C.J.; Courtney, A.E.; Cardwell, C.R.; Maxwell, A.P,; Lucarelli, G.; Veroux, M.; Furriel, F.; Cannon, R.M.; Hoogeveen, EK;
Doshi, M.; et al. Recipient obesity and outcomes after kidney transplantation: A systematic review and meta-analysis. Nephrol.
Dial. Transplant. 2015, 30, 1403-1411. [CrossRef]

Thongprayoon, C.; Mao, S.A.; Jadlowiec, C.C.; Mao, M.A,; Leeaphorn, N.; Kaewput, W.; Vaitla, P.; Pattharanitima, P.; Tang-
panithandee, S.; Krisanapan, P.; et al. Machine Learning Consensus Clustering of Morbidly Obese Kidney Transplant Recipients
in the United States. J. Clin. Med. 2022, 11, 3288. [CrossRef]

Greze, C.; Pereira, B.; Boirie, Y.; Guy, L.; Millet, C.; Clerfond, G.; Garrouste, C.; Heng, A.E. Impact of obesity in kidney
transplantation: A prospective cohort study from French registries between 2008 and 2014. Nephrol. Dial. Transplant. 2022, 37,
584-594. [CrossRef]

Jarrar, F.; Tennankore, K.K.; Vinson, A.]. Combined Donor-Recipient Obesity and the Risk of Graft Loss After Kidney Transplanta-
tion. Transpl. Int. 2022, 35, 10656. [CrossRef]

Krishnan, N.; Higgins, R.; Short, A.; Zehnder, D.; Pitcher, D.; Hudson, A.; Raymond, N.T. Kidney Transplantation Significantly
Improves Patient and Graft Survival Irrespective of BMI: A Cohort Study. Am. . Transplant. 2015, 15, 2378-2386. [CrossRef]
[PubMed]

Igbal, K.; Hasanain, M.; Rathore, S.S.; Igbal, A.; Kazmi, S.K.; Yasmin, F,; Koritala, T.; Thongprayoon, C.; Surani, S. Incidence,
predictors, and outcomes of early hospital readmissions after kidney transplantation: Systemic review and meta-analysis. Front.
Med. 2022, 9, 1038315. [CrossRef] [PubMed]

Chierici, A.; Alromayan, M.; Defatico, S.; Céline, D.R.; Vinci, D.; Rodolphe, A.N.; Schiavo, L.; Iannelli, A. Is bariatric surgery
safer before, during, or after liver transplantation? A systematic review and meta-analysis. J. Liver Transplant. 2023, 9, 100139.
[CrossRef]

Cohen, ].B.; Lim, M.A.; Tewksbury, C.M.; Torres-Landa, S.; Trofe-Clark, J.; Abt, P.L.; Williams, N.N.; Dumon, K.R.; Goral, S.
Bariatric surgery before and after kidney transplantation: Long-term weight loss and allograft outcomes. Surg. Obes. Relat. Dis.
2019, 15, 935-941. [CrossRef]

Forte, C.C.; Pedrollo, E.F,; Nicoletto, B.B.; Lopes, ].B.; Manfro, R.C.; Souza, G.C.; Leitao, C.B. Risk factors associated with weight
gain after kidney transplantation: A cohort study. PLoS ONE 2020, 15, e0243394. [CrossRef]

Altheaby, A.; Alajlan, N.; Shaheen, M.F,; Abosamah, G.; Ghallab, B.; Aldawsari, B.; Rashidi, A.; Gafar, M.; Arabi, Z. Weight gain
after renal transplant: Incidence, risk factors, and outcomes. PLoS ONE 2022, 17, e0268044. [CrossRef]

de Oliveira, C.M.; Moura, A.E,; Gongalves, L.; Pinheiro, L.S.; Pinheiro, EM., Jr.; Esmeraldo, R.M. Post-transplantation weight gain:
Prevalence and the impact of steroid-free therapy. Transplant. Proc. 2014, 46, 1735-1740. [CrossRef]

Sayilar, E.I; Ersoy, A.; Ersoy, C.; Oruc, A.; Ayar, Y.; Sigirli, D. The effect of calcineurin inhibitors on anthropometric measurements
in kidney transplant recipients. BMIC Nephrol. 2022, 23, 375. [CrossRef]

Costa, B.; Moratelli, L.; Silva, L.B.; Paiva, A.C.; Silva, A.N.; Carminatti, M.; Bastos, M.G.; Sanders-Pinheiro, H. Body mass index in
the first year after kidney transplantation. Transplant. Proc. 2014, 46, 1750-1752. [CrossRef]

Pilone, V.; Tramontano, S.; Renzulli, M.; Romano, M.; Cobellis, L.; Berselli, T.; Schiavo, L. Metabolic effects, safety, and acceptability
of very low-calorie ketogenic dietetic scheme on candidates for bariatric surgery. Surg. Obes. Relat. Dis. 2018, 14, 1013-1019.
[CrossRef]

Schiavo, L.; Scalera, G.; Pilone, V.; De Sena, G.; Iannelli, A.; Barbarisi, A. Preservation of Fat-Free Mass After Bariatric Surgery:
Our Point of View. Obes. Surg. 2017, 27, 1071-1073. [CrossRef] [PubMed]

Schiavo, L.; Scalera, G.; Pilone, V.; De Sena, G.; Quagliariello, V.; Iannelli, A.; Barbarisi, A. A Comparative Study Examining the
Impact of a Protein-Enriched Vs Normal Protein Postoperative Diet on Body Composition and Resting Metabolic Rate in Obese
Patients after Sleeve Gastrectomy. Obes. Surg. 2017, 27, 881-888. [CrossRef] [PubMed]

Schiavo, L.; Di Rosa, M.; Tramontano, S.; Rossetti, G.; Iannelli, A.; Pilone, V. Long-Term Results of the Mediterranean Diet After
Sleeve Gastrectomy. Obes. Surg. 2020, 30, 3792-3802. [CrossRef] [PubMed]

Kluch, M.; Kurnatowska, I.; Matera, K.; Lokie¢, K.; Puzio, T.; Czkwianiang, E.; Grzelak, P. Nutrition Trends in Patients Over the
Long Term After Kidney Transplantation. Transplant. Proc. 2020, 52, 2357-2362. [CrossRef] [PubMed]

Heldal, K.; Midtvedt, K.; Lenning, K.; Iversen, T.; Hernees, K.H.; Tsarpali, V.; Reisaeter, A.V.; Bernklev, T. Kidney transplantation:
An attractive and cost-effective alternative for older patients? A cost-utility study. Clin. Kidney J. 2019, 12, 888-894. [CrossRef]
Al-Bahri, S.; Fakhry, TK.; Gonzalvo, ].P.; Murr, M.M. Bariatric Surgery as a Bridge to Renal Transplantation in Patients with
End-Stage Renal Disease. Obes. Surg. 2017, 27, 2951-2955. [CrossRef]

Orandi, B.J.; Purvis, ] W.; Cannon, RM.; Smith, A.B.; Lewis, C.E.; Terrault, N.A.; Locke, J.E. Bariatric surgery to achieve transplant
in end-stage organ disease patients: A systematic review and meta-analysis. Am. |. Surg. 2020, 220, 566-579. [CrossRef]
Chadban, S.J.; Ahn, C.; Axelrod, D.A.; Foster, B.].; Kasiske, B.L.; Kher, V.; Kumar, D.; Oberbauer, R.; Pascual, J.; Pilmore, H.L.; et al.
KDIGO Clinical Practice Guideline on the Evaluation and Management of Candidates for Kidney Transplantation. Transplantation
2020, 104 (Suppl. S1), S11-S103. [CrossRef]


https://doi.org/10.1007/s00423-017-1584-7
https://doi.org/10.1093/ndt/gfv214
https://doi.org/10.3390/jcm11123288
https://doi.org/10.1093/ndt/gfab277
https://doi.org/10.3389/ti.2022.10656
https://doi.org/10.1111/ajt.13363
https://www.ncbi.nlm.nih.gov/pubmed/26147285
https://doi.org/10.3389/fmed.2022.1038315
https://www.ncbi.nlm.nih.gov/pubmed/36405595
https://doi.org/10.1016/j.liver.2023.100139
https://doi.org/10.1016/j.soard.2019.04.002
https://doi.org/10.1371/journal.pone.0243394
https://doi.org/10.1371/journal.pone.0268044
https://doi.org/10.1016/j.transproceed.2014.05.027
https://doi.org/10.1186/s12882-022-03004-1
https://doi.org/10.1016/j.transproceed.2014.05.021
https://doi.org/10.1016/j.soard.2018.03.018
https://doi.org/10.1007/s11695-017-2586-9
https://www.ncbi.nlm.nih.gov/pubmed/28205006
https://doi.org/10.1007/s11695-016-2382-y
https://www.ncbi.nlm.nih.gov/pubmed/27677487
https://doi.org/10.1007/s11695-020-04695-x
https://www.ncbi.nlm.nih.gov/pubmed/32488747
https://doi.org/10.1016/j.transproceed.2019.12.055
https://www.ncbi.nlm.nih.gov/pubmed/32571697
https://doi.org/10.1093/ckj/sfz018
https://doi.org/10.1007/s11695-017-2722-6
https://doi.org/10.1016/j.amjsurg.2020.04.041
https://doi.org/10.1097/TP.0000000000003136

Nutrients 2023, 15, 2508 15 of 15

59.

60.

61.

62.

Veroux, M.; Mattone, E.; Cavallo, M.; Gioco, R.; Corona, D.; Volpicelli, A.; Veroux, P. Obesity and bariatric surgery in kidney
transplantation: A clinical review. World J. Diabetes. 2021, 12, 1563-1575. [CrossRef]

Montgomery, J.R.; Cohen, J.A.; Brown, C.S.; Sheetz, K.H.; Chao, G.F; Waits, S.A.; Telem, D.A. Perioperative risks of bariatric
surgery among patients with and without history of solid organ transplant. Am. J. Transplant. 2020, 20, 2530-2539. [CrossRef]
Guggino, J.; Coumes, S.; Wion, N.; Reche, F.; Arvieux, C.; Borel, A.L. Effectiveness and Safety of Bariatric Surgery in Patients with
End-Stage Chronic Kidney Disease or Kidney Transplant. Obesity 2020, 28, 2290-2304. [CrossRef] [PubMed]

Favre, G.; Schiavo, L.; Lemoine, S.; Esnault, V.L.M.; Iannelli, A. Longitudinal assessment of renal function in native kidney after
bariatric surgery. Surg. Obes. Relat. Dis. 2018, 14, 1411-1418. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.4239/wjd.v12.i9.1563
https://doi.org/10.1111/ajt.15883
https://doi.org/10.1002/oby.23001
https://www.ncbi.nlm.nih.gov/pubmed/33230959
https://doi.org/10.1016/j.soard.2018.05.013
https://www.ncbi.nlm.nih.gov/pubmed/30077663

	Introduction 
	Overview of Bariatric Interventions in Kidney Transplant Candidates/Recipients 
	Incidence of Morbid Obesity in This Class of Patients 
	Type of Bariatric Interventions Performed 
	Is a Specific BMI Cut-Off Point in Patients That Makes Bariatric Surgery More Effective? 

	Metabolic Changes Related to Bariatric Surgery 
	Impact of Bariatric Surgery on the Absorption and Effectiveness of Immunosuppressive Drugs 
	Outcomes and Complications of Transplant Surgery. Impact of Obesity on KT Outcomes 
	Impact of BS on Weight Loss and Outcomes in KT Patients 
	Diet Regimens and Therapeutic Strategies to Avoid or Minimize Weight Regain 
	Nutritional Behavior 

	Cost-Effectiveness of Bariatric Surgery in Kidney Transplantation 
	Future Perspectives 
	Conclusions 
	References

