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Abstract

Background Obesity is a risk factor for chronic kidney disease (CKD) and a relative contraindication for renal transplantation.
Bariatric surgery (BS) is an option to address this issue but we hypothesize that severe CKD is associated with a loss of efficacy of
BS which could justify recommending it at an earlier stage of the CKD.

Methods A retrospective study (n =101 patients) to test primarily for differences in weight loss at 6 and 12 months according to
estimated glomerular filtration rate categories (¢GFR <30 including patients on dialysis, 30-60, 60-90, and >90 ml/min/
1.73 m?) was performed with multivariate analysis adjusted for sex, age, BMI, surgical procedure, and diabetes. We used a
second method to confirm our hypothesis comparing weight loss in patients with stage 4-5 CKD (eGFR < 30 ml/min/1.73 m?,
n=17), and matched controls with eGFR >90 ml/min/1.73 m2.

Results In the first comparison, the multivariate analysis showed a significant positive association between eGFR and
weight loss. However, after exclusion of the subgroup of patients with eGFR <30 ml/min/1.73 m?, the difference
between groups was no more significant. In addition, percent total weight loss (%TWL) was significantly lower in
patients with severe CKD compared to controls: —15% vs —23% at 6 months (p<0.01); —17% vs —27% at
12 months (p<0.01). The percent excess weight loss at 1 year reached 47% in patients with stage 4-5 CKD and
68% in controls subjects (p <0.01). Surgery was a success at 12 months (weight loss >50% of excess weight) in
38% of advanced CKD and 88% of controls (p <0.01).

Conclusion The efficacy of BS was reduced in patients with advanced CKD. These results support early BS in patients with
early-to-moderate CKD.
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Introduction

The prevalence of chronic kidney disease (CKD) has been
recently estimated to at least 10% in the USA and Europe
[1, 2]. CKD is causally associated with diabetes mellitus and
hypertension, two conditions intimately associated with obe-
sity. Obesity is also increasingly recognized as an independent
risk factor for CKD and the development of end-stage renal
disease (ESRD), through hemodynamic and metabolic mech-
anisms [3, 4]. For a given category of CKD, the prognosis is
worse for obese patients. Indeed, when CKD is established,
the decline of glomerular filtration is steeper for people with
vs without obesity [5]. Moreover, access to renal transplanta-
tion (RT) is compromised for people with CKD combined
with obesity [6, 7]. Indeed, several guidelines indicate that
patients with a body mass index (BMI) above 40 or 45 should
not be considered for RT [8].

Safety of bariatric surgery has been evaluated in patients
with CKD [9]. Although the risks are clearly increased in this
population with frequent co-morbidities, benefits are expected
to balance them. Bariatric surgery may thus be proposed to
patients eligible to RT with severe (stage 4) or end-stage (stage
5) CKD, in order to help them eliminate the main contraindi-
cation for the RT. However, optimal timing for bariatric sur-
gery is an important issue, not yet addressed. In particular,
whether the efficacy of bariatric surgery assessed on weight
loss varies according to the stages of CKD is unknown. To
address this question, we performed an observational retro-
spective study to compare, in severely or morbidly obese pa-
tients with the full range of CKD stages, the weight loss at 6
and 12 months after bariatric surgery.

Methods
Patient Selection and Data Sources

In this retrospective study, we examined data from patients
from 4 surgical centers (Bichat-Claude Bernard Hospital
(Paris, France), Louis-Mourier Hospital (Colombes, France),
Antoine Béclére Hospital (Clamart, France), and Haut
Levéque Hospital (Bordeaux, France)) who were or not on
dialysis, who had no history of RT, who underwent bariatric
surgery between June 2012 and August 2015, and who were
followed up for at least 1 year.

Stratification and Outcomes

The population was stratified according to estimated glomer-
ular filtration rate (eGFR) levels (CKD-EPI equation—based
estimation [10]): normal or high eGFR (> 90 ml/min/1 73m?),
mild CKD (eGFR 60-90 ml/min/1.73 m2, stage 2), moderate
CKD (eGFR 30-60 ml/min/1.73 m?, stage 3) or severe/end-

stage CKD (¢GFR < 30 ml/min/1.73 m?, stage 4-5, including
dialysis). Our outcomes of interest were % total weight loss
(%TWL) and %excess weight loss (%EWL), calculated as
%EWL = total weight loss/(preoperative weight-weight cor-
responding to a BMI at 25 kg/m?), 6 months and 12 months
after the surgical procedure. Complications were assessed
both in the 30 days following surgical procedure according
to the Clavien-Dindo classification [11] and in the long term
according to the Longitudinal Assessment of Bariatric
Surgery (LABS) [12].

Statistical Analysis

To test for differences in weight loss at 6 and 12 months ac-
cording to eGFR categories, an analysis of variance (ANOVA)
was used for each variable of interest. Data was then analyzed
using analysis of covariance (ANCOVA) followed by
Bonferroni-corrected pairwise comparisons with eGFR cate-
gories (< 30, 30-60, 60-90, and > 90 ml/min/1.73 mz) includ-
ed as a within-groups factor. ANCOVAs were conducted con-
trolling for preoperative BMI, type of surgery procedure
(Roux-en-Y gastric bypass (RYGB) vs sleeve gastrectomy
(SQ)), diabetes (yes vs no), age, and gender.

In a second analysis, we selected patients with stage 45
CKD (eGFR < 30 ml/min/1.73 m?, n = 17) and matched them
to 17 control patients with eGFR >90 ml/min/1.73 m?
(matching for sex, age, preoperative BMI, surgery procedure,
and diabetic status) to compare weight loss in the two sub-
groups with a paired ¢ test.

Results

Among the 101 patients included, 17 had stage 4-5 CKD
(eGFR < 30 ml/min/1.73 m? including 12 patients on dialy-
sis), 19 stage 3 CKD (eGFR 30-60 ml/min/1.73 mz), and 33
stage 2 CKD (eGFR 60-90 ml/min/1.73 m?). Table 1 de-
scribes the main characteristics of the population according
to baseline CKD stages. The groups differed by age, sex,
and bariatric procedures. In univariate analysis, the weight
loss assessed by %TWL or %EWL differed according to
CKD stages at 6 and 12 months (Table 2, ANOVA, p <0.05
for each comparison). In multivariate analysis, baseline CKD
stages remained significantly associated with weight loss
expressed as %TWL as well as %EWL at 6 and 12 months
after bariatric surgery procedure (Fig. 1, p for trend < 0.001 for
each comparison). However, after exclusion of the subgroup
of patients with stage 4-5 CKD (eGFR < 30 ml/min/1.73 m?),
the difference between groups was no more significant. This
suggests that the loss of efficacy of bariatric surgery was ob-
served specifically in patients with stage 4-5 CKD (eGFR <
30 ml/min/1.73 m2). To test further this hypothesis, and limit
the contribution of potential confounding factors, we
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Table 1 Baseline characteristics

of the study population according eGFR (ml/min/1.73 m®) eGFR >90  60<eGFR<90 30<eGFR<60 eGFR<30 p for ANOVA

to eGFR categories; eGFR

estimated glomerular filtration CKD stage 0-1 2 3 4-5 -

rate, CKD chronic kidney disease, Number of subjects 32 33 19 17 -

BMI'body mass index, SGsleeve oo (vears) 43(12) 46 (10) 58 (6) 53(11) <0.001

gastrectomy, RYGB Roux-en-Y >

gastric bypass. Age, BMI, and BMI (kg/m”) 43 (7) 44 (7) 45 (7) 42 (7) 0.66

eGFR are expressed as mean (SD) Diabetes (%) 50 24 60 66 0.06
Women (%) 84 79 63 38 0.01
SG (n)/RYGB (n) 25/7 28/5 15/4 15/1 <0.001
eGFR (mU/min/1.73 m?)  106.1 (17.7)  79.8 (8.0) 46.2 9.1) 156 (9.4) -

compared the weight loss in patients with CKD stage 4-5
CKD (eGFR < 30 ml/min/1.73 m?) and matched controls.
Table 3 describes the characteristics of both groups. The sur-
gery procedure was a SG for all but one matched pair. The
%TWL and %EWL were significantly lower in the group with
advanced CKD both at 6 and 12 months (Fig. 2a, b). Among
the 17 patients with stage 4-5 CKD (eGFR <30 ml/min/
1.73 m?), two postoperative complications occurred: (1) a
hypertensive crisis leading to a 5-day stay in intensive care,
and (2) an acute respiratory illness episode associated with
rhabdomyolysis leading to a 2-day stay in intensive care.
Both episodes were classified stage IVa in the Clavien-
Dindo classification [11]. There was no short-term complica-
tion that occurred in the control group and no complication
according to the LABS classification neither in the group of
patients with stage 4-5 CKD nor in the control group [12].

Discussion

This study showed that patients with advanced CKD (stage 4—
5) have a blunted weight loss response to bariatric surgery,
although less advanced CKD has no effect.

The efficacy of bariatric surgery, in terms of weight loss, in
people with CKD is important for three main reasons. First,

obesity is increasingly recognized as an independent risk fac-
tor for the development and progression of renal disease and
observational studies suggest a potential interest of bariatric
surgery for slowing down the decline of kidney function [5,
13]. A recent analysis of 4047 patients of the Swedish Obese
Subjects (SOS) cohort revealed that bariatric surgery was as-
sociated with long-term protection against ESRD [14]. The
on-going Bariatric Surgery for Obese patients with chronic
Kidney Disease (BOKID) clinical trial aims at demonstrating
whether bariatric surgery is superior to medical treatment of
obesity to prevent the deterioration of kidney function in pa-
tients with severe or morbid obesity and stage 3 or worse CKD
(https://clinicaltrials.gov/ct2/show/NCT0261283 1 ?term=
bokid&rank=1). Secondly, current guidelines and clinical
practice often require patients with obesity to significantly
lose weight before consideration of surgical eligibility to RT
[15]. Indeed, access to the surgical site may be compromised
by the thicker layers of the abdominal wall and intra-
abdominal fat; moreover, excess weight is expected to in-
crease the risk of anesthesia, the length of hospitalization,
and the incidence of surgical complication usually associated
with severe obesity. Thirdly, observational studies revealed
that severe obesity is associated with a delayed recovery of
graft function and increased graft failure rates [16]. Taken
together, these observations have often led transplantation

Table 2 Weight loss at 6 months

(2A) and 12 months (2B) after eGFR>90 60<eGFR<90 30<eGFR<60 eGFR<30 p for
surgery procedure according to ANOVA
eGFR-based categories; eGFR
estimated glomerular filtration 2A
rate, EWL excess body weight, p eGFR (ml/min/1.73 m?)
for ANOVA <0.001 for each 6 months after surgery
comparison %TWL 253 22.0 22.7 15.2 <0.001
%EWL 60.0 53.7 56.8 36.4 <0.001
2B
eGFR (ml/min/1.73 m?)
12 months after surgery
%TWL 30.8 26.5 30.0 20.4 <0.001
%EWL 73.0 64.7 74.4 50.3 <0.001
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Fig. 1 Adjusted mean (ANCOVA, adjusted for preoperative BMI, type of surgery procedure, diabetes (yes vs no), age, and gender) of %total weight loss
(a) and %excess weight loss (b) at 6 months and 12 months according to eGFR-based CKD stages; p for trend< 0.001 at 6 months and 12 months

centers to restrict access to RT by establishing a BMI thresh-
old about 35 kg/m* with a high variability from one center
(and sometimes surgeon) to another. Accordingly, in patients
with stage 4-5 CKD, obesity is associated with a lower like-
lihood of RT, especially when BMI > 35 kg/m2 [6, 7, 17].
For the reasons mentioned above, it is crucial for nephrol-
ogists to manage and treat obesity in patients with CKD.
Traditional weight loss diets (such as using general healthy

eating principles) are considered as effective in people with
CKD as in the general population [18], with a sustained
weight loss of about 5-10%, which is insufficient for most
patients with BMI > 35 kg/m?. In a review assessing the effect
of lifestyle interventions for adults with severe obesity, control
group-subtracted weight loss ranged from —1.0 to —6.5%
over 6 to 48 months [19]. Bariatric surgery is clearly the most
effective treatment for morbid obesity in terms of long-term
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Table 3 Baseline characteristics
of'the patients with eGFR< 30 ml/
min and matched patients with
eGFR > 90 ml/min (matching for
age, sex, baseline BMI, surgery
procedure, and diabetic status);
eGFR estimated glomerular fil-
tration rate, BMI body mass in-
dex, SG sleeve gastrectomy,
RYGB Roux-en-Y gastric bypass.
Age, BMI, and eGFR are
expressed as mean (SD)

35

30

25

20

%weight loss

15

10

100
90
80
70
60
50

%EBW loss

40
30
20

eGFR < 30 ml/min/1.73 m? Matched patients with p for ¢ test
eGFR >90 ml/min/1.73 m?
Number of subjects 17 17
Age (years) 53 (11) 54.(9) 0.81
BMI (kg/m>) 42 (7) 42 (5) 0.95
Diabetes (%) 66 66 1
Women (%) 37.5 37.5 1
SG (n)/RYGB (n) 15/1 151 1
eGFR (ml/min/1.73 m?) 15.6 (9.4) 99.4 (10.8) <0.001
6 months
*
M 12 months
26.8
*
23.1
17.5
14.6
Stage 4-5 CKD Controls (matched patients)
6 months
B 12 months *
*
68.1
68.3
46.7
38.6

Stage 4-5 CKD

Fig. 2 %total weight loss (a) and %excess weight loss (b) at 6 and
12 months in patients with stage 4-5 CKD (eGFR< 30 ml/min/1.73 m?)
and matched patients with eGFR >90 ml/min/1.73 m* (matching for age,
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weight loss, improvement of co-morbidities, quality of life,
and decreases of overall mortality [20].

The issue of bariatric surgery timing in patients with CKD
had not been addressed previously although it is a major con-
cern. Indeed, a 30% increased risk of surgery-related compli-
cations was described for each increment in CKD stage even
after adjustment for diabetes mellitus and hypertension [9].
However, laparoscopic methods have greatly improved the
safety of bariatric procedures. Dependence on dialysis was
not found to be an independent predictor of major morbidity
post bariatric surgery [21]. The nephrology teams may thus be
inclined to wait before proposing bariatric surgery. However,
according to our findings, patients with severe or ESRD will
take a lower benefit in terms of weight loss from the procedure
and depending on the weight loss required, eligibility for RT
may remain compromised. Our study assessed the impact of
bariatric surgery in patients with CKD distinguishing the dif-
ferent stages of kidney failure. Indeed, we previously pointed
on the importance of considering severe vs mild vs moderate
CKD when assessing the clinical impact of bariatric surgery
[22].

The design of our study makes it not possible to address
mechanistic issues. However, several hypotheses can be
raised. Firstly, the urgent need of weight loss in an impending
RT project may have impacted the management of care before
surgery with, potentially, less time for the preoperative phase
including dietary and physical preparation. Secondly, the fear
of malnutrition could particularly influence preoperative die-
tary management in CKD with a higher risk of surgical com-
plications. Indeed, body composition of patients with severe
CKD is modified, with a lower lean body mass, and a higher
risk of undernutrition and sarcopenia [23]. This consideration
is particularly relevant in patients suffering from combined
renal failure and obesity [24]. Thirdly, energy expenditure,
in two of its components (resting expenditure and physical
activity), is reduced in patients with CKD and is a limiting
factor for weight loss after bariatric surgery. Indeed, resting
energy expenditure is lower due to reduced lean body mass
and advanced CKD-associated sarcopenia is associated with a
decrease in daily physical activity due to patient frailty and
sedentary lifestyle [25-27]. Finally, the obesity paradox was
well described in severe CKD [28, 29] (an apparent protection
associated with obesity in patients with CKD) and could con-
fuse the nephrology teams about the relevance of weight loss.
Although we cannot document this hypothesis, it could have
led the caregivers to attenuate the weight loss objectives after
validation of eligibility for RT.

Our study provides reassuring data regarding the risks of
bariatric surgery in patients with 4-5 CKD. We do not report
any severe complications according to Clavien-Dindo’s and
the LABS classifications, but we acknowledge the limited size
of the sample [11]. However, our results are consistent with
those of previously published data [30, 31].

Our study has several limitations. The sample size is limit-
ed. This reflects perhaps the reluctance of caregivers to pro-
pose bariatric surgery for patients with obesity and CKD. We
have not systematically measured body composition. We can-
not, therefore, support our mechanistic assumptions, particu-
larly on the decrease in lean body mass in these patients.
Finally, details on the modalities and the intensity of preoper-
ative follow-up were not available. The currently on-going
BOKID study, designed to assess the impact of bariatric sur-
gery on kidney function in patients with stage 2 to 4 CKD,
collects measurements body composition and thus will pro-
vide additional data to examine our hypotheses.

In summary, our findings suggest that patients with severe
obesity and CKD get the best benefit from bariatric surgery in
terms of weight loss when the intervention takes place before
the stage 4-5 of kidney failure. Prospective data are warranted
to confirm our observation.
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