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Abstract

Background/Objective Although promising, data regarding the renal impact and safety of bariatric surgery (BS) are insufficient.
We aimed at investigating the benefits and harms of BS for weight loss on kidney function.

Methods A systematic review and meta-analysis of observational studies reporting data about the impact of BS (any techniques) on
serum/plasma creatinine, creatinine clearance, glomerular filtration rate (GFR), proteinuria, nephrolithiasis, and need for renal replace-
ment therapy (RRT)) was performed. Obese adults (non-chronic kidney disease (CKD), CKD or transplanted patients) that underwent
BS for weight loss were included. After searching MEDLINE (inception to August 2017), the Cochrane Library (Issue 10—12, October
2017), and the websiteclinicaltrials.gov (August 2017), data were extracted and summarized using a random-effects model.

Results The final analysis included 23 cohort studies, comprising 3015 participants. Compared with renal function before
treatment, BS significantly decreased serum creatinine level (mean difference (MD), — 0.08 mg dI™"; 95% confidence interval
(CI),—0.10 to — 0.06); p < 0.001) and proteinuria (MD, — 0.04 g 24 h™':95% CI, - 0.06 to — 0.02; p <0.001) in the overall group.
GEFR significantly improved 6 months or more after BS both in the hyperfiltration and CKD subgroups. Renal function also
tended to improve in renal transplant patients. Data on nephrolithiasis and the need for RRT were scarce or not reported.
Conclusions BS apparently has positive effects on kidney function and tends to normalize GFR across different categories of
renal impairment (hyperfiltration and CKD patients).

Keywords Bariatric surgery - Obesity - Kidney function - Chronic kidney disease

Introduction mass index (BMI) >30 kg m 2 [1]; also, 13.4% of the global
population has CKD [2]. High body fat increases the risk of
developing CKD indirectly—not only via diabetes mellitus
and hypertension [1, 2] but also through direct renal func-

tional and structural modifications. This is due to an

Obesity and chronic kidney disease (CKD) are two of the
greatest epidemics of the twenty-first century. In 2014,
10.8% of men and 14.9% of women worldwide had a body
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increased renal sodium tubular reabsorption, secondary to
kidney compression [3] that triggers the vasodilation of the
afferent arteriole (via tubuloglomerular feedback) leading to
hyperperfusion, hyperfiltration, and increased glomerular
capillary pressure with subsequent albuminuria/proteinuria
[3, 4]. As obesity-associated kidney damage progresses,
hyperfiltration (increased glomerular filtration rate (GFR))
is replaced by a declining GFR, with progression toward
end-stage renal disease (ESRD) [3, 4].

If obesity is responsible for kidney damage, is it possible to
reverse the damage through weight loss therapies? Many stud-
ies have addressed this question and most of them reported
beneficial effects of different weight loss interventions for
improving obesity-induced kidney damage [5-7]. For each
1 kg reduction in weight, there is a 4% decrease in proteinuria
and albuminuria, independently of blood pressure decline [6].

Bariatric surgery (BS) is the most efficient intervention
for obtaining and maintaining substantial weight loss and
the only curative method that significantly ameliorates
obesity-related comorbidities [8]. BS also seems to have
a positive impact on renal function [6]; however, it is
associated with hyperoxaluria, nephrolithiasis, and oxalate
nephropathy [9]. Most importantly, data regarding the im-
pact and safety of BS in patients with kidney impairment
are insufficient. This systematic review particularly ad-
dresses the effects of BS on kidney function outcomes
in non-CKD and CKD patients.

Materials and Methods
Protocol and Registration

The protocol has been registered with the PROSPERO data-
base of prospectively registered systematic reviews in health
and social care, registration number CRD42017057916.

Purpose

This review aims to evaluate the benefits and harms of BS for
weight loss on kidney function.

Data Sources/Search Strategy

We searched MEDLINE (inception to August 2017), the
Cochrane Library (Issue 10-12, October 2017), and the
website clinicaltrials.gov (August 2017) without
language restriction. Hand search for relevant articles
was done on reference lists from textbooks, articles,
and scientific proceedings.

@ Springer

Study Selection

We conducted a systematic review and meta-analysis on ob-
servational cohort studies in adults with obesity that were
treated with BS for weight loss and have reported data about
the impact of BS (any techniques) on kidney function end-
points (serum creatinine, creatinine clearance, GFR, protein-
uria, nephrolithiasis, and need for renal replacement therapy
(RRT)). Patients (non-CKD, CKD or transplanted) were in-
cluded in this analysis if their biochemical renal function
values were reported before and after BS. The surgery itself
could be sleeve gastrectomy (SG), Roux-en-Y gastric bypass
(RYGB), adjustable gastric banding (AGB), and
biliopancreatic diversion (BPD) done either by open or lapa-
roscopic surgery. Patients were acting as their own control
group, since renal endpoints were compared before
(perioperative) and after the surgery. Patients undergoing re-
operative intervention for obesity were excluded.

Data Extraction and Synthesis

Data extraction was done independently by two authors (AN
and SB) using standard data extraction forms. When more
than one publication of a study was found, reports were
grouped together and only the publication with the most com-
plete data was included. Data extracted included identifying
information, study outcomes, details of the study protocol, and
demographic data. We extracted characteristics of each study
including baseline renal function values, baseline clinical
characteristics of the study population, CKD status, known
comorbidities, type of study design, types of surgery, and total
duration of follow-up. Any unclear or missing information
was requested from the authors by written correspondence,
and any relevant information obtained was included in the
review. Disagreements were resolved by consultation between
all authors.

Risk of Bias

Two reviewers (AN and IN) independently evaluated the
quality of the selected studies using the Newcastle-Ottawa
scale (NOS) [10]; according to NOS, three methodologi-
cal categories were used for assessment: selection (score
0-4), comparability (score 0-2), and outcome (score 0-3).
Quality was considered high if is score 7-9, intermediate
if 4-6, and low if 0-3. Disagreements were resolved by
consensus. Publication bias was assessed using the funnel
plot technique [11].

Statistical Analysis

We used a random-effects model for meta-analysis and
expressed treatment effects as a risk ratio (RR) with 95%
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confidence intervals (CI) for dichotomous outcomes (need for
RRT) and mean difference (MD) for continuous outcomes
with 95% CI (e.g., changes in GFR, creatinine level at the
end of intervention, etc.) [12]. We used the /* statistic to assess
for inconsistency across individual studies [12]. An F* > 50%
indicated a large inconsistency across studies (heterogeneity)
not explained by chance [13]. All statistical analyses were
performed using ReviewManager Version 5.2 (The
Cochrane Collaboration 2012).

Additional prespecified subgroup analyses were conducted
to explore the potential causes of heterogeneity for treatment
effect on renal function. Treatment heterogeneity was ana-
lyzed also in relation with equations used to estimate the renal
function. Subgroup analyses will be conducted for the follow-
ing subgroups: CKD stages 3 to 5, kidney transplanted pa-
tients, and hyperfiltration patients (GFR > 110 ml min ).

Results
Study Identification

A flow diagram proving the selection process of the included
studies is depicted in Fig. 1. The initial search resulted in 1094
potentially relevant articles. A thorough analysis of the ab-
stracts led to the exclusion of 1044 articles due to search
overlap, non-relevance, renal function not reported, clinical
studies other than observational, case reports, editorials, re-
views, or meta-analyses. Fifty articles were studied full text,

from which 27 were excluded due to non-relevance or lack of
sufficient information. After an in-depth review, 23 observa-
tional studies were included in the present systematic review
[14-36] (Fig. 1).

Baseline Study and Patients’ Characteristics

The main characteristics of the 23 studies included in the
meta-analysis are presented in Table 1. A total of 3015
patients were included, with a mean BMI ranging from
39.5+9.7 to 57.3+12.6 kg m 2. The mean follow-up peri-
od generally varied between 6 and 24 months with only one
study reporting a very short follow-up period of 30 days
[23] and another study reporting data 3.9 years after the
weight loss surgical intervention [28] (Table 1).

Studies reported used various surgical techniques
(malabsorptive, restrictive, and hybrid procedures) for
achieving weight loss, both laparoscopic or by open sur-
gery (Table 1): the most commonly used technique was
Roux-en-Y gastric bypass (RYGB)—performed in more
than 50% of cases, followed by sleeve gastrectomy (SG)
and adjustable gastric banding (AGB). Other types of gas-
tric bypass (GB) techniques (Fobi Pouch GB, Salmon GB,
mini GB) [14, 25, 33] as well as gastroplasty [18] have
also been reported. Biliopancreatic diversion (BPD) was
performed in two studies [26, 28].

With two exceptions [15, 16], all studies reported obesity-
related comorbidities—the most prevalent being hypertension
(46%), diabetes (36%), and CKD (29.4%), followed by

Fig. 1 Flowchart of the selection
process

1090 studies identified through
electronic database research
e Cochrane: 302
e MEDLINE: 788

4 studies identified using other
sources

1044 excluded:

1094 potentially relevant studies identified

-search overlap

-lack of relevance

-renal function not reported

v

-clinical studies other than

50 articles evaluated full-text for
eligibility

observational

-case reports/editorials/review
articles/meta-analyses

27 articles excluded

e 14 —wrong population

e 3 —weight loss method other than
surgical
e 10 —no data on renal function

23 studies included in the final
analysis
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dyslipidemia, metabolic syndrome, obstructive sleep apnea,
and cardiovascular/cerebrovascular disease (Table 1).

Study Quality

The quality of the observational studies ranged from 5 to 9,
with a mean quality score of 6. This corresponds to a moderate
overall risk of bias, mostly due to the absence of a control
group (only 4 studies included controls drawn from the same
community as the exposed cohort) and lack of control for
confounders (only 11 studies performed adequate control for
both the most important confounder and additional factors,
while 6 studies did not include any confounder adjustment).
However, selection bias was low (all studies included repre-
sentative cohorts with certainty of exposure), outcome assess-
ment was adequately performed in 22 out of 23 studies,
follow-up was long enough in most studies (18 out of 23 stud-
ies reported outcomes within at least 12 months of follow-up),
and there was only one study that lost subjects to follow-up.

Study Outcomes

Results are summarized in Table 2.

Overall Study Analysis

Serum/Plasma Creatinine Overall, serum/plasma creatinine
decreased in 11 [14-16, 20, 21, 24, 27-29, 32, 36] out of 18
studies [14-17, 19-22, 24, 25, 27-32, 35, 36] in which this
parameter was assessed, irrespective of BS technique. In six of
the remaining studies, baseline creatinine values were in the
normal range and creatinine did not differ significantly before
versus after surgery [17, 19, 22, 25, 31, 35] (Table 2).
Creatinine was reported to increase only in the study of
Schuster et al. [30] in ten patients with baseline moderate
kidney impairment, after more than 24 months of follow-up
following BS (see CKD subgroup analysis).

A decrease in serum/plasma creatinine concentrations
was also observed in the overall group after BS when a
meta-analysis on 17 out of 23 studies was performed
(MD, —0.08 mg dI”"; 95% CI, —0.10 to —0.06 mg dI"'")
(Fig. 2).

GFR GFR was assessed in 17 out of 23 studies [14-19, 21, 24,
25, 27-29, 31-33, 35, 36]: Friedman et al. [16] and Chagnac
et al. [18] directly measured GFR through plasma iohexol
clearance and inulin clearance while the other authors reported
estimated GFR (eGFR) by determining: 24-h creatinine clear-
ance [14, 15, 17, 27, 33], Modification of Diet in Renal
Disease (MDRD) equation [16, 21, 24, 25, 27-29],
Cockeroft-Gault and lean body weight-adjusted Cockcroft-
Gault (CG-LBW) formulae [19, 27, 31, 32], and Chronic

@ Springer

Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation, respectively [16, 31, 35] (Table 3).

eGFR significantly improved in all studies, 6 months or
more after BS, irrespective of the surgical method performed
and irrespective of the baseline values (hyperfiltration or im-
paired eGFR), with three exceptions where eGFR either did
not change significantly [19] or it decreased [32, 36] (Table 2).
Otherwise, GFR was significantly reduced in hyperfiltration
patients [14-18, 25, 27, 31-33] and at the same time signifi-
cantly increased in patients with eGFR < 90 ml min ™' ([21, 24,
25, 28, 29, 31, 35] (Table 2) (see CKD subgroup analysis
below).

When overall meta-analysis was performed on 13 out of 23
studies, we noticed a lack of significant differences for eGFR
changes after surgery in the overall group (MD, —3.07 ml min;
95% CI,— 13.89 to + 7.74 ml min ) (Fig. 3). However, for the
hyperfiltration group, a 31.87-ml min ' reduction was ob-
served (95% CI, 38.15 to 25.59 ml min ") (Fig. 3).

Proteinuria/Albuminuria Albuminuria and/or proteinuria were
reported by 13 out of 23 studies [14, 15, 17, 18, 20, 22-24, 26,
32-35]; it significantly improved in all but one exception [17],
where average baseline albuminuria was normal. Reductions
in albuminuria and/or proteinuria were seen after various sur-
gical techniques, including RYGB [14, 15, 20, 22, 23, 32-34],
SG [24, 32, 34, 36], BPD [26], or gastroplasty [18] (Table 2).
An overall reduction in albuminuria and/or proteinuria was
seen when meta-analysis on 2 out of 23 studies was performed
(Fig. 4).

After adjustment for confounders, improvement in
albuminuria/proteinuria was both weight- and blood
pressure-independent in most studies [20, 22, 23, 32]. Only
Amor et al. [34] reported normalization of albumin excretion
as being associated with a larger decrease in waist circumfer-
ence and BMI in type 2 DM patients. Predictors of albumin-
uria reduction in the studies included in this review are base-
line albuminuria, insulin sensitivity/change in HbAlc levels,
and adiponectin [20, 22, 23, 34].

Nephrolithiasis The occurrence of nephrolithiasis was
assessed only by Palomar et al. [26] which found a decrease
in calcium, phosphate, uric acid, and citrate urinary excretion
and a tendency toward an increase in oxalate urinary excretion
but no increase in renal stone production [26] (Table 4).

Need for RRT The need for RRT was not reported in the in-
cluded studies with the exception of Palomar et al. [26] that
did not find any cases of kidney failure after BPD (Table 4).
CKD Subgroup Analysis

Eight studies (six retrospective [21, 25, 28, 30, 31, 35] and two
prospective [19, 24]) included 877 patients with CKD (kidney



3821

3815-3833

OBES SURG (2018) 28

ueow) (,_w ¢/|

o)
(VN onfea d) (do-isod) (011°26)L1 F 001 FRIIH-ANO
(do-o1d) (801°88)11 F 86 JCRIE (SIS
((semuodred g/
pue Yis7) ds F
uedw) (, W gL'
(VN onfea d) (do-sod) (TT1°48) 1TF 86 Lyt u)
(do-o1d) (bOT°€L) 0TF LS  (AAN £q ¥AD? ¥
((somnuoorad yig,
pue yigy) as +
ueow) (,_w ¢/ |
(VN onfea d) (do-isod) (LOT°L9) 0€ F L8 Lyt o)
(do-oxd) (S01°19) 6T F L8 A4OW ¢
((somuoorad
gL pue
(VN onfea d) (do-jsod) (STT°08) SEF 001  WST) S F Uedww)
(do-o1d) (9€1°28) OFFLI1  (j_urur [un) YfOu ¢
((somueored
WSL pue Yig7) As
(VN onfea d) (do-isod) (€71 “06°0) 67°0F 601 F ueow) (| Sur)
(do-a1d) (91°T “16'0) 9€°0FCI'T D umesk) g
((somnuaorad yig/ pauonusur
(VN onjea d) (do-isod) (€8°0 ‘65°0) LI'OFCTL'O  PUB ST AS F Jou
(do-oxd) (€60 “49°0) +T'0F 18°0 uedw) (,_[p Sun) 1) [ nbruyod) g sqpuowr o] Apmys oanoadsorg 9¢  [91] uewpoug
(as  ueour)
(500> d) (syuowr §) €78 F [TEI (4 pT Suw)
(ourpseq) T T F€I'p1 BLINUIUNQY “f
@as+
(50°0>d) (spuow §) LOOF [0 ueaw) :(;_Y T 5)
(ouraseq) 60°0F S1°0 BLINUINNOL] “€
(1000°0 > d) (spuowr ) L T¢ FETT (ds F ueow)
(ourpeseq) LTSEFSL8PT (W [uw) DD T
(1000°0 > d) (sypuow 8) £1°0F 69°0 as+ Apms [s1]
(ourjoseq) 00 F €8°0  ueaw) (;_[p Suw) 1D [ aoxd sypuowr g aanoadsonoy ol opN-ediog
(samuorad
WSL pue yg7)
(900°0=d ‘sqpuow | 'SA) (SPPUow ) (Z6°61 0 L9) SS'TI werpow (19 =u)
(10070 > d “ourfaseq “sA) (sypuout 1) (§T'ST 01 $T'6) €1 (Y t Su)
(ourjeseq) (726 0 $6°L) 0TH1 BUNUwnNqy 4
(somuaorad
WSL PUB ¢ig7)
(SN ‘stpuowr T "SA) (SQUOW ) (€1°0 03 £0°0) T1°0  UeIpaw (19 =1u)
(#00°0 > d *durjoseq "sa) (syyuows ) (£1°0 03 80°0) 11°0 (U ¥T9)
(ourjaseq) (Z€°0 01 60°0) +1°0 BLINUINOL] “€ a0
(SN ‘sppuowr 7] "sA) (Suow ) 66'€€ F96'L11 (as [BISIP (I
(10070 =d ‘ouraseq 'sA) (SQUOW TT) yTHy F 65611 F Ueow) (19=1u) Kserdonses
(oureseq) 06° T F 1S°6€1  (j_wmw [uw) 1D[D T papueq
(SN 'sypuowr 7] "sA) (SPUow 7) L€' 11 F [6°EL (as —-[eonIA Apms
(100°0 > d ‘ourjoseq "sA) (spuow 1) 7L'TIFT6'CL  F Uedw) ([9=1u) ¥€:dD pajjonuod (s[onuoo [¥1]
(ourjoseq) 09' 11 +81°18 (,11owr) 11 gonod 1qo4 /7 syuuow g aanoadsord g snid) 19  zeig-oreAeN
anbruyoay uoneInp syuedronred
synsay sawoonQ) [ed13Ing Apmg  uSisop ApmS  Jo Ioquunn Apms

S)[nsar1 Jo Arewuns—sawoono pajedie] g a|qel

pringer

Qs



3815-3833

OBES SURG (2018) 28

3822

(do-oxd) 16261 F 964811
(9 = u) A133ms YO

(do-oxd) 67°68¢ F01°9TH1
(6=1) DAY

(20'0=4a) (do-ssod) €1°0F 290 (£00°0=4d) (do-sod) L0'0 F $9°0 govT Hoy0d
(do-oxd) g0 F 18°0 (do-oxd) €1°0FSL0 (as+ 7DST NaclLjo [oz]
(9 = u) A13ms 10O (6=u) DAY ueow) (,_|p Sw) 1) | ¥ DAY 6 sypuowr 9 Aprys 0Andadsorg Gl ueyloUBARN
(8T°0=4d) (do-ysod) 4T F L'S6 (as = ueow)
(do-oxd) '6TFL76  (,_umu un) Y400 7  Awoponses
(€9°0=4d) (do-ss0d) 11°0F 69°0 as= “Te[nqny
(do-axd) g0 F 1£°0 ueow) ([P Su) 1D [ OI *GOAY IS squow 7| Apms aandadsoid 19 [61]se0enT
((98uer) uerpaur)
(8=N) urunqe
(200 >4d) (do-1sod) (, 0T x 89 5 01 xS0) 4 01 xT'T JO QoueIes|d
(do-axd) (, 0T x €T 0T x I'D) 4 0T x T'€ [euondRL] °§
((o3uer)
uerpour) (8 =)
(10°0>d) (do-asod) (L€ “€) § (,_uruw i) ojer
(do-oxd) (6T p) 91  UONAIOXS UILINQLY H
(NES
(20'0>d) (do-asod) T F869 = uedw) (8 =N)
(do-a1d) 6¢ F €08 (v ) Ad4Y T
(NES Apms
(100=4d) (do-asod) L ¥ 011  F ueowr) (§=N) pajfjonuod (sjonuoo
(do-o1d) pTF 1 (| umw qun) P OW | Aisedonseny  syyuow £ [ aandadsoig 6+)8 [81]oeudey)
(SN :ourjoseq "sa) (sqpuowr 1) 07 F 1 (SN :eutjaseq "sA) (squow 1) 67 FS1
(50°0> d :sypuowr T 'sA :G(’() > d :aul[aseq 'SA) (SUOUW 9) TF G (SN :ourjoseq "sa) (sypuowt 9) €¢ F | (@s = ueow)
(ouipaseq) 9F 01 (ourpaseq) 0S5 ¥ 9T (4 ¢ Sw)
(91 =) onaqeIp-uoN (61=1) INATL pLUIUNG[Y ‘4
(SN :ourjoseq "sa) (sypuowr 1) §S F ST1 (SN :ourjoseq "sa) (sqpuowr 1) L9 F €€1
(5070 > d :sypuow 7] "SA N :0UI[asEq 'SA) (SYIUOU 9) 6 F 08 (SN :ourjaseq "sA) (sypuow 9) 89 F 601 (as = ueow)
(ourppseq) €6 F 2Tl (ourpseq) 91 F 181 (Y t¢ Su)
(91 = u) onaqerp-uoN (61=u) WNATL BLIUISI0I] "¢
(€00 = d :ourjoseq "sA) (sqpuowr 1) 67 F L11 (200 = d :ourjoseq "sA) (sypuowr 1) 67 F I€1
(our[aseq) L€ F 81 (ourpaseq) LS FGST (as F ueow)
(91 = ) oueqeIp-uoN (61=w) Nzl  ( um )1 g
(SN :eurjoseq "sa) (sqpuow IO F [L0 (SN :ourjoseq "sa) (sqpuowr 1) 60°0 F £9°0
(SN :ourjoseq "sa) (Syyuow 9) G1°0 F 890 (SN :ourjoseq "sa) (Syyuow 9) 60°0 F £9°0
(ouI[aseq) ZI'0FTL'0 (ouIAsEq)11°0 F #9°0 as+
(91 = ) oueqeIp-uoN (6T=u) NATL uesw) (,_p Sur) 1) | a0xd sypuowr 7] Aprus aAndedsorg 43 [L1] eqrres
vazaﬁvo‘_om WSL
pue yigy) ds +
ueow) (,_w ¢/]
L _uTu [ur)
(VN anpea d) (do-jsod) (101-+L) 6198 2™ Ia-adD
(do-oxd) (16 “TL)0T F T8 £q Y400 L
((semuodred g,
pue ys7) 4s F
uedw) (, W gL'
.t o)
(VN angea d) (do-ssod) (08 “¥S) 0T F 89 IR0
(do-o1d) (8, °LS) TTF LY LRI E (oY
((sonuoorad yig/
Pue Yig7) s ¥
anbruyoo) uoneInp syuedronred
Snsay sawooINQ) [eo131ng Apmg  uJisop ApmS  Jo Ioquunn Apmsg

(ponunuoo) g d[qer,

pringer

Qs



3823

3815-3833

OBES SURG (2018) 28

%
(pueLt R
|| _UT [ 68-09 &
D20 0 DS1 Gl
Surpuodsot100) (g1 = u) (AES F uedur) 11 DAY
(I Swgo<pumesd)y  (11=u) DST 01=u) gDXI (€1=u) gOV'T (pg =) [[e10A0 (rowr) 1y 1 01 gOVTET sypuowr [ Aprus oAndadsord ve [yl ovsueg
(r€67°0=a) (dosod) g6+ '8 (10°0=4d) (do-sod) ['8" F 81
(do-o1d) ¢ ¥ 8°G (do-oxd) 06 ¥ $°08 (as = ueowr) Apms
(¢g=u) | 8 Swpz>1DvN (s1=u) 8 3woz<YOvN (1D 8 3w)Yovn DAY skep 0¢ aanoadsonoy 8¢ [gc] ueyony
(68T0=3)
(sq
(800°0=4) -juow 7[) (#00°0=4a)
(sypuowr 71) 1°L 19 (9sy°0=4) (spuow g1) G - (sypuowr 1) 79
(surpaseq)
(ourpaseq) £°G¢ T8l (urgaseq) 01 - (surpaseq) 7'ze
(Le=u) (1z=u)
SwoIpuAs (,_8 Sw 00£—0¢) (%)
ANM = 5 SajRqeI(q OI[0qeRA AmN = 5 quofe \AﬁmMLO wuﬁoﬁmg eLnuItnqeosdrA dnoid AOYM BLINUTWNQ[ROIDIA "€
100=3)
(sq
(1000=4) -Juowr 1) (0Lz0=4a) (10000 > ) (100'0>4d)
(sypuowt Z1) (T1-4) 09 (€1-9) 0'9 (syuow 71) (8-€) §'¥ (sqpuow Z1) (12-8) 0°¢1 (spuowt 1) (01-€)S°S
(surpaseq)
(ouraseq) (L9-5) §'91 91-90'8 (ourpaseq) (€1-+) §'9 (ourpaseq) (901-6€) 0°99 (outpaseq) (87-5) $°6
(Lg=u) (1z=u) (93uex onaenbiojur
QWOIPUAS (,_8 Sw 00€—0¢) M UBIpOUL)
(7€ = u) saeqeig J1[0qRIRA (gg=u)ouofe AN1saqQ  Syudned eLINUIUNGROIIA dnoi3 sjoypy (1D Tm Sw) YOvN ‘7
(rz90=3)
(sq
(s01°0=4) -juow 7[) (006'0=4d) (871'0=4d)
(sypuowr 1) T0F6°0 T0F60 (sypuowr 1) T0F8°0 - (squow Z1) T0F80
(ouraseq)
(ourpseq) €0 F0'1 TOF60 (ourjaseq) 70 F6'0 - (ourjaseq) 70 F6'0
(Lg=u) (Tg=u)
QWIOIPUAS (,_8 Sw 00€—0¢) (as+ Apnys
ANM = 5 SajRqeI(q OT[0qeRN AmN = 5 quore \Aﬁmmn_o muﬂm_ﬁmm BLNUITINqeoIdIA dnoi3 JIoOYM G&oEv AT_@ wEv DT aod sypuowr 71 ®>_uu®n—mo‘sum 6 ﬁNﬁ _mgauw/\
@as-+
(10070 > d :our[aseq 'sA) (sQuowW 1) L'9T F9'9  ueaw) (LW ¢/
(10070 > d :our[aseq "sA) (SYUOW 9) 01 F9°9S __urur jur)
(ourpaseq) T01 F6'L WD T @
(100°0 > d :ourfaseq 'sA) (spuowr 1) €OFI'1 ¢ o3e)s M
(10070 > d :our[aseq "sA) (SQUOW 9) 4'0F T @as= HOY0d Jo Aprys [12]
(ourpseq) 0 F '] uBdW) (,Ip Su) 1D | SgJjowuoy Auy  sypuow $7—| aAnoadsonay GZ  UeURAUBABN
($0°0 =4d) (do-sod) (95-L7) 6€
(do-o1d) (921-19) §9
A\Qowh._m RPo 1o gqoxy L= 5 ‘eLnuIINgreoIoI wﬂﬁmmxvuo‘a M sjuaned
(11°0=4d) (do-1s0d) (7'95—L¥) €1 (100=4a) (dosod) (s¢h—66) LT ((sopnuoorad yig,
(do-a1d) (z'5T-L9) 8 (do-a1d) (y6-1) 9¢  pue yigg) uerpaur)
(9=u) K8ms YO (6=u) DAY (1D | 8 Sw) YIvN T
(as
F ueow) (;_[w Su)
(L1'0=4) (dosod) ZTH6T F £€°€601 (zg'0=4) (do-sod) £0'60TF L 09€T D unessk) g
anbruyoo) uoneInp syuedronred
Snsay sawooINQ) [eo131ng Apmg  uJisop ApmS  Jo Ioquunn Apmsg

(ponunuoo) g d[qer,



3815-3833

OBES SURG (2018) 28

3824

(100°0>d

ouT[aseq 'SA) (SPUOW 1) 0" F 10

(SN :outaseq 'sa) (sypuow [) ['0FS'C
(aurjeseq) ['0FS'C

(SN :ourfaseq
'SA) (syuow Z1) 1°0F 01
(SN :ourpeseq
'SA) (sypuowt ) 1'0FS°0
(ourpaseq) ¢ ¥ 1°¢

(SN -ourfaseq
'SA) (spuowt Z1) 1" F6°0
(SN :ourpaseq
'SA) (Sypuowr ) €1°F ']
(ourjeseq) ' 8%

(100>d

:QUI[ask(q “SA)
(squowr 71400 F 6°0

(SN :outpeseq
'SA) (sgpuowt [) ['0F €]
(ourpaseq) €0 F Iy

(AES F uesw)
(1D |_fouu Sur)

(I1=u) DST 01 =u) DAY (€1 =u) gOVT (P€ =) [[e1oAQ AOvN 'y
(1000>d
ouIeseq
SA) (s (1000>d
(10°0 > d :ourposeq -juowt ) (SN :ourjoseq (SN :ourfaseq QUI[Aseq "SA)
'SA) (S{puow Z1) 6°0 F L'98 STFPIS 'SA) (SPUOW T[) €TF0°06  'SA) (SPUoW g[) ['TFH'SY  (Spuow Z1) 0°TF0'S8
(SN
ouraseq
'SA)
(SN :auraseq (sypuow ) (SN :aurpseq (SN :auraseq (SN :ouraseq "sA)
'SA) (Spuow 1) 6'0 F 6'98 €TFTY  SA) (Sypuowr [) 81 F 'S8 'SA) (Sppuowt 1) 0'ZF8'LS (sypuowr [) 1'ZF1°98
(ourfoseq)
(Surjaseq) §TFT'8L OIF It (aurpaseq) §°1 F €°98 (ourppseq) ¢ 1 F 1°LL (surjaseq) 0°[ F°L9
(weLt
U [ 68-09 (NS F ueow)
AIH2 0 (puweLt
Surpuodsar00) (g1 = ) .t o)
8w go<pumesd)  (11=u) DST O1=u) gDAY (€1=u) gOV1 (P€=u) [le1oAQ AD9 ¢
(SN
ouIeseq
‘SA) (sq (SN :ouraseq
(10°0 > d :ourjaseq "sA) -Juowr 7) (SN :ouI[aseq "sA) (SN :ouI[aseq "sA) *SA) (Sypuowt 1)
(spuowr 1) #000'0F L0 $000°0F 180  (SPuow Z[) 10000 F¥L'0  (SPuow Z1) #0000 F 08°0 S00'0F6L0
(SN
ouIaseq
(SN :ouIaseq "sA) ‘SA) (ow]) (SN :ouraseq (SN :ourjaseq (SN :ouIaseq "sA)
(Spuow [) #000°0F68°0  9000°0 F #8°0 'SA) (OWT) 1000°0F9L0 'SA) (OW) €000°0F [L°0  (Spuowt [) €00°0 F9L'0
(aurpaseq)
(ouIpaseq) S0000 F #6'0  S000°0F 8L°0 (our[aseq) 10000 F9L°0 (ourpaseq) F00°0FSL'0  (duIeseq) $00°0 F 9L 0
(weL
v 6809
409 0 (Ads
Surpuodsariod) (g1 = u) F uvow) (,_| 5w )
LI 8w go<Dunesky  (11=4) DST (01=u) gOXI (€1=u) gOV'1 (pg =) 1040 D unesk) g
(10o>d
:ouIeseq
'sa) (54 (1000>4d
(10°0 > d :ourposeq -Juowr 71) (100°0 > d :ourpaseq (100°0 > d :ourjoseq QUI[ase(q "SA)
'SA) (sqpuowt Z1) T F+'8S 9 FELS SA) (SPUOW T[) 6'OF6'F9  'SA) (SPUOW 1) 0T F 19 (Spuowt ) ['TF9°09
(SN
:ouIeseq
‘SA)
(SN :auraseq (sqiuowt ) (SN :durpaseq (SN :ourjaseq (SN :ouraseq "sA)
'SA) (Spuowt 1) €'1F6°29 FIF0L9  sA) (spuow [) STFH1L 'SA) (Spuowt ) €'1F9°L9 (sypuowr 1) §°1 F €'89
(outposeq)
(ourpaseq) ¢ FTTL TIFV69 (ourpaseq) y'ZF1°18 (ourjaseq) 0T F 0L (ouI[aseq) TTFFiL
anbruyoo) uoneInp syuedronred
Snsay sawooINQ) [eo131ng Apmg  uJisop ApmS  Jo Ioquunn Apmsg

pringer

(ponunuoo) g d[qer,

Qs



3825

OBES SURG (2018) 28:3815-3833

(VN dnea d) (syuout 71) 7 F 96

T2y 0=4d) (spuow 1) TT F 65

(ourjeseq) LT F 011 (ourjeseq) 71+ 8S (ourpaseq) LT F 9 (@sT F ueour) Aps
(0T=u) ;W g/ | Ui [ (6> JIDd (§g=u)  w g/ T Ui 06<YJD2 (89 =wu) dnoig djoypm (rowr) 11 gD €1 DS §S suowr 7| aanoadsonay 89 [1€] yodN
(01 =1) (syuour $7 <) 69°0F L9'T (Ig=u) (spuowt 7<) 90F T’
(€1 =u) (syuow Z1) 8€'0F+0'C (g =u) (spuow Z[) SOFTI'1
(91 =u) (Spuow 9) TH'0F+T'C (oy=u) (syuow 9) [H'0FIT'T
(91 =u) (ourjaseq) 610 F61°C (oy =u) (duIoseq) y1°0F i’
(VN (VN 9oueoyIugIs [eoNSHEIs) (NS F ueow)
20uBOYIUFIS [eOnsHEIS) (| [P Sw 9'| <1D) Juduiredw [euox dJeIpO (,_Ip Sw 9 [—¢"[ =1D) Juouuredu [eudt Pl (Ip Su) 1) ' gDAY  sypuow 7<  Apmisoanosadsonoy €18 [og] 1snyog
(@s  ueour)
(100°0>d) (do-1sod) TGTF9LL (| uru Jur)
(do-a1d) 941 + 5729 A9 T
(10°0=4a) (do-ssod) $1°0F L0 as+ [ez]
(do-oxd) L1°0F68°0 uedw) (,_[p Sun) 1D [ DST spuowr 7] Aprys 2Anoadsorg 0S IeAO -ZIMy
(ds = ueow)
(1000>d) s'01+8¢ SOIFSE SSIF901 LW )
(L=u) W umu 09> ¥10 (8T=u) W ww [ 9<¥D  (sg=u) dnoidopoyp  JDdur ABuey) ‘¢
(ueour)
8700=4) (pw) 9'[g (W umu ju)
(ourpaseq) 1L REEN4
(100°0>d) (Pud) 8TH1 F 8'0L (as F ueow) 9-0) Apms
(ouraseq) LSGTFIL98 (T 1owr) 15 ' add steak ¢ aanoodsonay ST [82] asor
(SN (sypuowt 9) 76 F#'6€1 (@s F uedw)
(oureseq) €S FGo¢T (W (W) DD Y
@as=
(100°0 > d) (Sypuowr 9) yS FH0°gST  ULaW) (; U ur)
(oureseq) 88 F 1°L61 D0 £q I ¢
as+
uedw) (W gL' |
(10°0>d) (spuow 9) ¢'¢TF 6401 LU [ur)
(ouroseq) L'6TF9'16  QUAN A9 Y402 T
(100°0>d) (sypuour 9) 910 F L0 ass
(ourjoseq) [0 F €8°0 ueaw) (;_[p Suw) 1) | oAy sqpuowr 9 Apmys oanoodsorg LE [2T] AwoD
(as  ueaw)
(100> d) (sypuowr 1) 11 (4 $T Sw)
(ourpaseq) L€ 1T BLINUIUNQ[Y T
(as  ueaw)
(100> d) (sypuowr 1) 00T > (,_4 ¢ Sw)
Aoﬁzmmmn_v CeL 'UNUIONd | add sqpuowr 71 \A—u_dm ®>ﬁoomm0um ce mcm_ Jewored
(50'0>4d)
(500>4) (SN) (stpuowt Z1)
(S0°0>d) (syuowt 7[) 61 F899  (Spuows ¢[) H'0TF€'¢6  (SPUow g1) TICF THII L'STF6'EET
(oureseq) 99 F S'61 (ourpaseq) L'9T F8'9L (outpeseq) 9'6 F L' (ouraseq) T°LT F+'9¢1
(6g=u) (,_.u (Ler=w (u (19=u) (,_u
(9=u) W W (0968 = YID9) I W 06-$TT =dAD9) I W ST < YADR) (@s  ueour)
(j_umu [ 0g—65 =YAD9) € 28eIs (30 7938 3D YAD9 [ewioN uonen[edAy ([ _uru [w) Y09 g
(SN)
(SN) (sypuow Z1) €0F T (SN (Sypuowt 1) [0F8'0 (SN (Sypuowt g[) L'0F8L0  (Suowt 1) €1°0F [9°0
(oureseq) TOF 1 (oureseq) 10 F6°0 (urpaseq) 10 FSL'0 (our[aseq) 10 85°0 aov
(6= (. u (Ler=w (| u (19=u) (| u ¥1DSTCE
9=u) W W 09—68 = YAD2) W W 06-ST1 =¥AD9) - W 7T < YAD9) as+ ‘DAY SS Apms
(j_ur [ur 0¢—6S =YAD9) € d8e1s (3D T 9%u1s 3D D0 [ewoN uonenyedAy  ueow) (,_[p Sw) 1D T gD MWW 67T sypuowr | aAnvadsonay €€T [sz] noy
anbruyoo) uoneInp syuedronred
Snsay sawooINQ) [eo131ng Apmg  uJisop ApmS  Jo Ioquunn Apmsg

(ponunuoo) g d[qer,

pringer

Qs



3815-3833

OBES SURG (2018) 28

3826

as=+
wedw) (L W g/
(10°0 = d durjoseq sa) (Syuow 9¢) 6°8S L U Ju)
(ouroseq) 7101 F T8y IdA-AMD £Q WADAT
VN as+ Aprys (sjonuod
(ourjoseq) 0§°0F 1 ueaw) (;_[p Su) 1) ' DS/dDAY stpuowt 9¢ aAnvadsony PILH) VIL [s¢] wrewy
(298°0=d sypuowr 1 'SA) (SPUOW ) L'LTCFbHy  (01L°0=d Spuow Z[ SA) (SPUOW 47) L'€ST F $€0€
(50070 > d :ourjoseq "sA) (spuow 1) §'TH[ FC'Th (1000 > d :outjoseq 'sa) (sypuowt Z) $'801 FSS'1€
(aureseq) [L1FL'S8 (aureseq) 1'6€1F0°SS (ds  uedur)
(96 =u) dnoxsqns WAL (SsT=u) Woyod doyAy (1D |8 Sw) YovN 1 DS/aDAY squowr 7 Apmys oanoodsorg ST [p€] Towry
(oSuer
@Eﬁ.mﬁ@.mouﬁm ymm
ueIpaw) (0L = u)
(100°0>d) (spuowr 1) (9'47—T'6) 8C1 (4 ¢ Sw)
(ouraseq) (19-0'8) 841 eLnuINq[y ‘¢
(93uex onaenbioyur
M ueIpowr)
(100°0>d) (sypuowr Z) ($1°0-80°0)11°0 (0L=) (, 4 +T 3)
(aurjeseq) (z€'0-60°0) ¥1°0 BLINUINOI] T
(93uex onaenbiojur
s Eﬁﬁoav g0 uowyes
(10070 > d) (spuowr 1) (€41-68) TI1 (0L =u) won oy gD (sjonuod
(ourposeq) (0L1-011) §T1 (L ww [u) 1D "1 yonod 190, O¢ syqpuows 7 Aprys dAndadsold YT+ 0L [g€] g
(10000 > d) (spuowr 1) T'TFT01 (4S  uedur)
(oupseq) TeF 'z (1D 8 Sw) Yovn'e
(10000 > )
(1000°0>d) (squow Z1) 9'TF9'C8 (S100°0=3) (spuow 71) ¢'8F9°LET  (SUOW Z[) 0'TF I°L8
(oureseq) 91 ¥9'16 (urjeseq) Ly + 0491 (oureseq) TTFS°L6
syuoned uonenyradAy (4S F ueowr)
Jo uorsnjoxo 1oye dnoid [[eAQ (€] =u) (|_UIu [ op[ < YJH9) dnorsqns vonen[grodAy (867 =u) dnois [eraQ  (,_umw [u) Y4H9 T
(100070 > @) (sypuowr 1) (["[—'0 98ueI) ['0F L9"0 HS F DS Iy Aprys
(ourpaseq) (7' [0 9BuBI) [0 FTL'( UBSW) (1P Sw) 11 pue gOAY LII Stpuowr 71 aARvadsonY 8S1 [z€] poy
(a3uex onaenbioyur
s ueIpaw/ds
(1000>9) [ F ueow)
(VN anfea d) (sqpuowt 1) (€11-29) 98 (1000 > d) (spuow 1) 61 FTTI (Stpuowr 1) STFLIT (eare 2oppINS
(aurjeseq) (L11-65) 68 (urjeseq) 7z F €l (aurpeseq) 1€ FGET ApogxyIDe =)
(01=u) ;W g/ U [ 06> YID° 8s=u) ,w g/ www 06<Y4D° (89 =u) dnoiS-opoyp  (j_urw [un) YIO®
(a8uel onrenbioyur
(1000>49) LA ueipauyas
(VN onfea d) (sypuowr 1) (S91-+6) 121 (1000 > d) (sypuowr 1) 61 F TTI (sypuowr 71) Ly F LOT [ F ueour)
(aurjeseq) (9K 1-1L) ¥01 (ourjeseq) 7T F 0T (urjeseq) 9 FTL1 (;_uru jur)
(01=u) ;W g/ T | U 06>Y402 (8§ =u) L w g/ ] | ww W 06<Y4D (89 =) dnoiS ojoym  MET-D £q Y409 ‘¢
Auw:ﬂh o:t.mﬂwﬂouﬁ
a ueIpaw/ds
(0g60=9) [ F ueaw)
(VN enea d) (syuowt 1) (001-65) 6L (€80°0=4) (spuow 1) I F [T (Spuow Z1) 61 F 01 (ueLy
(ourjoseq) (98-1) 69 (Surjoseq) 71 F 611 (ourjoseq) 61 F 801 L 1))
(O1=w) W gL | U 06> YD (8G=u) . W ¢/ | Ul W (6 < Y4H2 (89 =u) dnoig ojoym  1dd-A3D 49 Y402 T
(sor'0=4a)
(stpuowr Z1) STF+9
anbruyoo) uoneInp syuedronred
Snsay sawooINQ) [eo131ng Apmg  uJisop ApmS  Jo Ioquunn Apmsg

(ponunuoo) g d[qer,

pringer

Qs



OBES SURG (2018) 28:3815-3833 3827

transplant patients are discussed separately) from which 766
had CKD stage 3 or higher (Schuster et al. [30] did not report
eGFR, but only creatinine values, therefore CKD stage could
not be assessed in this case).

In five out of eight studies, eGFR and/or creatinine levels
improved regardless of the type of BS performed [21, 24, 25,
31, 35]. Kidney function (eGFR and/or creatinine) was also
stated to improve in other two studies [19, 28], but complete
data were not available. Only in one study the creatinine
values had the tendency to rather increase 24 months after
BS in patients with baseline moderate renal impairment (cre-
atinine > 1.6 mg dI™") [30].

When the CKD subgroup meta-analysis was performed,
only the eGFR (MD, 10.04 ml min_'; 95% CI, 6.07 to
14.02 ml min '; p<0,001) and not creatinine (MD, —
0.12 mg dlfl; 95% CI, —0.27 to 0.03 mg dlﬁl;p= 0.12) was
significantly ameliorated (Figs. 2 and 3).

A greater improvement in eGFR was seen in patients with
overt CKD (CKD stage 3 or greater) compared with patients
with eGFR > 60 ml min~' [28]. ¢GFR improvement was in-
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After bariatric surgery Control-Before surgery Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, R 95% CI IV, Rand 95% CI
1.2.1 All studies
Schuster 2011 1.2 0.6 pal 1.42 0.14 40 0.8%  -0.22[-0.48,0.04) —
Navaneethan 2009 14 0.3 25 1.4 0.4 25  1.4% -0.30[-0.50,-0.10]
Hou 2013 0.78 0.7 127 0.75 0.1 127 3.0% 0.03 [-0.09, 0.15] —
Agrawal 0.8 0.2 25 09 0.2 25 35% -010[-0.21,0.01] S |
MNgoh 2016 0.72 0.28 68 0.73 0.3 68 42%  -0.01[-0.11,0.09) Al =
Navaneethan 0.65 0.07 9 0.73 013 9 42% -0.08[-0.18,0.02] v i
Friedman 0.72 017 36 0.81 0.24 36 43% -0.09[-0.19, 0.01] e |
Jose 2013 0.8 0.16 25 0.98 017 25 45% -0.18(-0.27,-0.09) S
Getty 2012 0.72 0.16 37 0.83 0.21 37 5.0% -0.11[-0.20,-0.02) —
Saliba 0.71 0.11 16 0.72 012 16 53%  -0.01[-0.09,0.07] ==
Saliba 0.63 0.09 19 0.64 0.11 19 6.7%  -0.01 [-0.07, 0.05) == =
Ruiz-Tovar 2015 0.71 0.14 50 0.89 017 50 7.0% -0.18[-0.24,-0.12] =
Luaces 0.69 0.1 61 0.71 0.15 61 86%  -0.02[-0.07,0.03] e B2
Navarro-Diaz 0.83 013 61 0.91 0.13 61  86% -0.08[-0.13,-0.03] ==
Serpa Neto 0.69 013 140 0.83 0.2 140 9.4% -0.14[-0.18,-0.10] s
Reid 2014 0.67 0.1 158 0.72 0.1 158 11.3% -0.05[0.07,-0.03] o
Fenske 2013 0.77 0.02 34 0.84 0.02 34 12.2% -0.07 [-0.08,-0.06] X
Subtotal (95% Cl) 912 931 100.0% -0.08[-0.10,-0.06] L
Heterogeneity: Tau®= 0.00; Chi*= 55.26, df= 16 (P < 0.00001); F=71%
Test for overall effect: Z=6.39 (P < 0.00001)
1.2.2 CKD Subgroup
Schuster 2011 267 0.69 10 219 0.19 16 8.9% 0.48[0.04,0.92] —_—%
Hou 2013 1.2 0.3 6 1.4 0.2 6 154% -0.20(-0.49,009) ———————T
Ngoh 2016 1.08 0.28 10 1.24 0.3 10 17.7%  -0.16 [-0.41,0.09] = w= i =
MNavaneethan 2009 14 0.3 25 1.4 0.4 25 223% -0.30[-0.50,-0.10] s
Fenske 2013 0.71 0.01 15 0.81 0.01 15 357% -0.10[-0.11,-0.09] u
Subtotal (95% Cl) 66 72 100.0% -0.12[-0.27,0.03] e TR
Heterogeneity: Tau*= 0.02; Chi*=11.42, df=4 (P = 0.02); F= 65%
Testfor overall effect Z=1.55 (P=0.12)
05 -0.25 0 0.25 05

Test for subaroup differences: Chi*= 0.26, df=1 (P = 0.61), F=0%

After surgery Before surgery

Fig. 2 Forest plot comparing creatinine values before surgery versus after surgery

bariatric patients, with reduction toward the normal range in
hyperfiltration and increase toward the normal range in CKD,
respectively. The apparent deterioration of renal function in
some studies [32, 36] was accompanied by improvement of
the other renal parameters (decrease in creatinine levels and
albuminuria) and rather reflects a weight loss-induced reduc-
tion of ultrafiltration and not a real kidney injury (possible
confounders include ethnic minorities, cohorts composed
mainly of females, and unknown differences in duration of
comorbidities) [32, 36]. Also, the apparent increase in creati-
nine values in moderate CKD patients in the study of Schuster
et al. [30] rather reflects the natural course of the disease in
patients with a more severe baseline kidney disease stage,
especially as creatinine tended to decrease in mild CKD pa-
tients in the same study [30]. With regard to these discrepan-
cies, one must take into account that creatinine is only a crude
indicator of eGFR, due to its variable tubular secretion and
reabsorption especially in kidney disease [37]; also, it is diffi-
cult to accurately estimate GFR using formulae in obese pa-
tients, due to body size confounders. Unfortunately, equations
that properly account for obesity have not yet been
established. MDRD significantly underestimates, while
Cockcroft-Gault highly overestimates GFR when compared
with 24-h creatinine clearance [27]. However, 24-h creatinine
clearance determination is burdensome, may be hampered by
24-h urinary output collection and also exceeds true GFR due
to tubular secretion [27]. Also, measured GFR does not seem
to significantly correlate to body surface area or weight in

@ Springer

obese individuals [16]. According to Friedman et al. [16],
the best predictor in obese patients is the CKD-EPI-derived
equation that uses both serum creatinine and cystatin C, which
estimates GFR within 30% of its value more than 80% of the
time [16].

eGFR improvement did not correlate with BMI reduction/
weight loss per se [16, 19, 32] but was rather a consequence of
lower blood pressures values [15, 18] and improved metabolic
parameters (e.g., glycemia) [18]. On the contrary, improve-
ment in albuminuria was weight independent and blood pres-
sure independent in most studies in which adjustment for BMI
and blood pressure as possible confounders was performed
[20, 22, 23, 32]. Reduction of albuminuria seems to be influ-
enced by baseline albuminuria, insulin sensitivity/change in
HbA Ic levels, and adiponectin [20, 22, 23, 34].

Of particular interest are the beneficial effects of BS in
patients with overt CKD. The resolution of comorbidities such
as hypertension, metabolic dysfunctions, and sleep apnea as a
result of BS is the main contributor to renal function enhance-
ment [8, 38]. Nonetheless, BS also attenuates renal inflamma-
tion and fibrosis via weight loss: the serum and urinary levels
of macrophage migration inhibitory factor (MIF), monocyte
chemoattractant protein-1 (MCP-1), and chemokine-ligand 18
(CCL-18)—proinflammatory and profibrotic major mediators
of renal damage- significantly decrease after BS procedures
[24]. Renal tissue expression of transforming growth factor
beta (TGF-f3) is also attenuated in animal models of diabetic
nephropathy after Roux-en-Y esophagojejunostomy [39].
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Table 3  GFR evolution after surgery by method of estimation
Study or subgroup After bariatric surgery Control-Before surgery
Mean (median) SD (interquartile range) Total Mean (median) SD (interquartile range) Total
Creatinine clearance (ml min ') —using a 24-h urine sample
Navarro-Diaz [14] 117.96 33.99 61 139.51 41.90 61
Serpa-Neto [15] 113.8 31.7 140 148.75 3527 140
Saliba [17] 131 29 19 155 57 19
Getty [27] 139.4 52 37 136.5 53 37
Serra [33] 112 89-143 70 125 110-170 70
MDRD (ml min~' 1.73 m ™)
Friedman [16] 98 21 36 87 20 36
Navaneethan [21] 61.6 16.7 25 479 10.2 25
Fenske [24] 85 2 34 67.4 1 34
Getty [27] 104.9 235 37 91.6 29.7 37
Jose [28] 81.6 25 71 25
Ruiz-Tovar [29] 77.6 15.2 50 62.5 14.6 50
Hou 2013 [25]
Hyperfiltration patients 1339 25.7 61 146.4 17.1 61
Normal eGFR 114.2 222 61 105.7 9.6 61
CG/CG-LBW equation
Luaces [19] 95.7 234 61 92.7 25.1 61
Getty [27] 158.04 54 37 197.1 88 37
Reid [32] 87.1 2 158 97.5 22 158
Ngoh [31] 107 47 68 172 65 68
CKD-EPI
Ngoh [31] 102 19 68 108 19 68
Friedman [16] 100 17 36 98 14 36
Imam [35] 58.9 714 48.2 10.12 714

CG, Cockcroft-Gault formula; CG-LBW, lean body weight- adjusted Cockcroft-Gault formula; CKD-EPI, Chronic Kidney Disease Epidemiology

Collaboration equation; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease formula

Weight gain is a very common problem in kidney trans-
plant recipients that increases the risk for kidney dysfunction,
graft loss, and complications [40]. Bariatric surgery is a much
more efficient weight loss procedure compared with medical
treatment in CKD patients [41], but there is currently little
knowledge about it in renal transplant recipients. Golomb et
al. [36] showed a favorable effect of LSG on renal outcomes
up to 14 months after BS in transplanted patients. However,
the creatinine clearance reduction in five patients in this study
urges for assessment of long-term outcomes.

The results of BS in CKD patients are encouraging and
give rise to the following question: is BS appropriate and safe
for all stages of CKD? Turgeon et al. [42] have demonstrated a
positive trend between CKD severity and the incidence of
complications after BS, even after controlling for diabetes
and hypertension. However, the 30-day overall mortality of
0.12% and the absolute incidence of complications of less
than 10% in both open surgery (associated with a higher risk)
and laparoscopic procedures combined [42] is comparable

with that of the general population (0.3 and 4.1%, respective-
ly) [43]. Potential renal pitfalls include an increased risk for
oxalate nephropathy [9] and for acute kidney injury in the
CKD population [44].

On the long term, BS is associated with nephrolithiasis,
with incidence rates as high as 3% and a rate of recurrence
of more than 30%. The major cause is hyperoxaluria, which is
maintained 2 years or more after GB [9]. Although the only
study that assessed incident nephrolithiasis after BS [26] did
not report any modifications in oxalate excretion after BS
(BPD) and no increase in the incidence of lithiasis, oxalate
nephropathy may accelerate CKD progression in patients with
pre-existing CKD, leading even to initiation of dialysis (data
mainly from case reports or case series, therefore incidence
could not be quantified) [45]. The need for RRT was not
reported in the described studies (only Palomar et al. [26]
reported no incident kidney failure after BPD) especially as,
with few exceptions [19, 21, 24, 25, 28, 30, 31, 35, 36], CKD
was an exclusion criteria or not mentioned at all.

@ Springer
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After bariatric surgery Control-Before surgery Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight , Rand 95% CI IV, Rand 95% CI
1.3.1 All studies
Saliba 131 29 19 155 57 19 52%  -24.00[-52.76, 4.76) B
Navarro-Diaz 117.96 3399 61 13951 419 61 7.3% -21.55[-35.09,-8.01] e
Getty 2012 104.9 235 37 916 29.7 37 7.5% 13.30[1.10, 25.50) [ =
Chagnac 110 7 8 145 14 8 7.6% -35.00[-45.85,-24.15] =
Friedman 98 21 36 87 20 36 7.8% 11.00[1.53, 20.47) R
Luaces 95.7 234 61 927 251 61 7.9% 3.00 [-5.61,11.61) A p=t
Serpa Neto 113.8 3.7 140 14875 3527 140 7.9% -34.95(-42.81,-27.09] -
Navaneethan 2009 61.6 16.7 25 479 10.2 25 7.9% 13.70[6.03, 21.37) T
Ngoh 2016 102 19 68 108 18 68  8.1% -6.00 112.22,0.22] ]
Ruiz-Tovar 2015 776 15.2 50 625 146 50  8.1% 15.10(9.26, 20.94) =
Hou 2013 114.2 222 127 105.7 9.6 127 8.2% 8.50(4.28,12.71) 2
Fenske 2013 85 2 34 67.4 1 34 8.3% 17.60[16.85, 18.35] 2
Reid 2014 87.1 2 158 97.5 22 158 8.3% -10.40[-10.86,-9.94] .
Subtotal (95% CI) 824 824 100.0% -3.07 [-13.89,7.74] -
Heterogeneity: Tau®= 368.28; Chi*= 4067.71, df=12 (P < 0.00001); F=100%
Test for overall effect: Z= 0.56 (P = 0.58)
1.3.2 CKD subgroup
Hou 2013 66.8 193 6 495 6.6 6 55% 17.30(0.98, 33.62) aE
Navaneethan 2009 61.6 16.7 25 479 10.2 25 20.3% 13.70(6.03, 21.37) T
Fenske 2013 86.7 09 15 78.2 28 15 742% 8.50[7.01,9.99] ]
Subtotal (95% Cl) 46 46 100.0% 10.04 [6.07, 14.02] ¢
Heterogeneity: Tau®= 4.97; Chi*= 2.76, df= 2 (P = 0.25); F= 28%
Test for overall effect: Z= 4.95 (P < 0.00001)
1.3.3 Hyperfitration subgroup
Navarro-Diaz 131 29 19 155 57 19 47%  -24.00[-52.76, 4.76) T W
Chagnac 117.96 3399 61  139.51 419 61 19.3% -21.55[-35.09,-8.01] b
Saliba 110 7 8 145 14 8 284% -35.00[-45.85,-24.15] =
Serpa Neto 1138 3.7 140 14875 35.27 140 47.6% -34.95(-42.81,-27.09] o
Subtotal (95% CI) 228 228 100.0% -31.87 [-38.15, -25.59] L 2
Heterogeneity: Tau*= 5.50; Chi*= 3.42, df=3 (P=0.33), F=12%
Test for overall effect: Z=9.95 (P < 0.00001)
00 -50 0 50 100

Test for subaroup differences: Chi*=122.18, df= 2 (P < 0.00001), F= 98.4%
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Fig. 3 Forest plot comparing GFR before surgery versus after surgery. GFR, glomerular filtration rate

Our findings regarding the positive impact of BS upon
renal function are in concordance with the meta-analysis of
Navaneethan et al. [S] and the systematic reviews of Afshinnia
et al. [6] and Bolignano and Zoccali [7] which globally inves-
tigated the renal effects of various weight loss interventions
(surgical and non-surgical).

Regarding non-surgical weight-loss methods, diet and
medical interventions are not without caveats in CKD: low-
carbohydrate diets are usually rich in proteins and therefore
have a negative impact upon kidney function [46]; at the same
time, no weight-loss medication has been adequately tested in
overt CKD [47]. As BS is an emerging option for weight loss
in renal patients [41], our review focused only on the impact
of BS upon kidney function. Likewise, we only found one
meta-analysis that specifically addressed the effects of BS on
renal function, recently published in 2016: Li et al. [48] have
confirmed the improvement of measured GFR and/or eGFR in
both hyperfiltration and CKD stage 2 obese patients and also

After bariatric surgery Control-Before surgery

reported reductions in albuminuria/proteinuria after BS.
However, the meta-analysis did not assess comorbidities or
confounders and also the occurrence of adverse renal effects
such as nephrolithiasis or the need for RRT. Moreover, their
study focused on CKD stage 2, while we included all stages of
CKD.

More long-term prospective studies that evaluate overall
complications and renal complications after different BS pro-
cedures are needed. Also, studies that evaluate the effect of BS
in ESRD patients on dialysis patients and/or in CKD patients
that are kidney transplant recipients or candidates for trans-
plantation are necessary.

Limitations and Strengths

The strengths of the present study include the systematic ap-
proach and extensive review of literature, with data extraction
and appraisal performed by two independent reviewers. We

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
1.4.1 All studies

Saliba 0.1 0.06 19 0.18 0.16 19 57% -0.08[-0.16,-0.00] G ]

Serpa Neto 0.11 0.07 140 0.15 0.09 140 94.3% -0.04 [-0.06,-0.02] ’

Subtotal (95% Cl) 159 159 100.0% -0.04 [-0.06, -0.02]

Heterogeneity: Tau*= 0.00; Chi*= 098, df=1 (P=0.32); F= 0%
Test for overall effect: Z= 4.52 (P < 0.00001)

Test for subgroup differences: Not applicable

02 01 0 01 02
After surgery  Before surgery

Fig. 4 Forest plot comparing proteinuria before surgery versus after surgery
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Table 4

Incidence of nephrolithiasis and need for renal replacement therapy among the included patients

Author N Surgical technique

Lithiasis after BS

Type of calculi Need for RRT

(number of patients)

Navarro-Diaz [14] 61 27 Fobi pouch GB; 34 vertical-banded Not reported Not reported Not reported
gastroplasty with distal GB
Serpa-Neto [15] 140 RYGB Not reported Not reported Not reported
Friedman [16] 36  Not mentioned Not reported Not reported Not reported
Saliba [17] 35 RYGB Not reported Not reported Not reported
Chagnac [18] 8  Gastroplasty Not reported Not reported Not reported
Luaces [19] 61 RYGB/Tubular gastrectomy Not reported Not reported Not reported
Navaneethan [20] 15 RYGB/LSG/LAGB Not reported Not reported Not reported
Navaneethan [21] 25 Any form Not reported Not reported Not reported
Agrawal [22] 94 LRYGB Not reported Not reported Not reported
Mohan [23] 38 RYGB Not reported Not reported Not reported
Fenske [24] 34 LAGB/RYGB/LSG Not reported Not reported Not reported
Hou [25] 233 LGB/RYGB/AGB/SG Not reported Not reported Not reported
Palomar [26] 35 BPD No (N=0) Urinary study for lithiasis No cases of
decrease in Ca, P, UA, kidney failure
and citrate excretion
Getty [27] 37 RYGB Not reported Not reported Not reported
Jose [28] 25 BPD Not reported Not reported Not reported
Ruiz-Tovar [29] 50 LSG Not reported Not reported Not reported
Schuster 2[30] 813 RYGB/RYGB Not reported Not reported Not reported
Ngoh [31] 68 SG/GB Not reported Not reported Not reported
Reid [32] 158 RYGB/SG Not reported Not reported Not reported
Serra [33] 70  Fobi pouch GB/Salmon GB Not reported Not reported Not reported
Amor [34] 255 RYGB/SG Not reported Not reported Not reported
Imam [35] 714 RYGB/SG Not reported Not reported Not reported
Golomb [36] 10 LSG Not reported Not reported Not reported

AGB, adjustable gastric banding surgery; GB, gastric bypas; BPD, biliopancreatic diversion; BS, bariatric surgery; Ca, calcium; LAGB, laparoscopic
adjustable gastric banding; LSG, laparoscopic sleeve gastrectomy; N, number; P, phosphate; RR7, renal replacement therapy; RYGB, Roux-en-Y gastric

bypass; SG, sleeve gastrectomy; UA, uric acid

assessed the overall kidney function by evaluating the effect
of BS upon creatinine values, eGFR, and albuminuria/
proteinuria and also the possible adverse renal effects associ-
ated with BS, such as nephrolithiasis and need for RRT. We
also reviewed the results from all-stage CKD patients inde-
pendently of populations with normal kidney function.

However, most cohorts were very small and the
available evidence, mostly observational, is at moderate
risk of bias and limited by heterogeneity among studies
with regard to the effect of BS upon creatinine levels
(although reported results regarding GFR and protein-
uria were rather homogenous, thus providing reliable
results), indirect comparisons and inconsistency for
some outcomes (e.g., proteinuria, nephrolithiasis). Our
review could not exclude publication bias of original
studies, as probably authors that have not found positive
effects of BS or did not find any effect at all are less
likely to publish their results.

Conclusion BS seems to have positive effects on the kidney
function, including creatinine values, GFR, and albuminuria/
proteinuria. BS tends to normalize GFR across different cate-
gories of renal impairment such as hyperfiltration and reduced
GFR patients. Finally, future studies specifically addressing
CKD subpopulations that also investigate CKD progression
and need for RRT would allow for more precise and firm
conclusions to be drawn with regard to the effects of BS on
kidney disease.
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