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Abstract
Background Obesity is an independent risk factor for chronic kidney disease (CKD). Our aims were: (1) to evaluate the impact of
bariatric surgery (BS) on kidney function, (2) clarify the factors determining postoperative evolution of glomerular filtration rate
(ΔGFR) and urinary albumin-to-creatinine ratio (ΔUACR), and (3) access the occurrence of oxalate-mediated renal
complications.
Methods We investigated a cohort of 1448 obese patients who underwent BS. Those with baseline-estimated GFR (eGFR0) <
30 mL/min or without information about the 2-year post-surgical eGFR (eGFR2) were excluded.
Results A total of 725 patients were included. At baseline, 38(5.2%) had hyperfiltration with eGFR0 ≥ 125mL/min/1.73m2 (G0),
492 (67.9%) had eGFR0 90–124mL/min/1.73m2 (G1), 178 (24.6%) had eGFR0 60–89mL/min/1.73m2 (G2), and 17 (2.3%) had
eGFR0 < 60 mL/min/1.73m2 (G3). ΔGFR significantly increased in 96.6% (ΔGFR = 23.8 (IQR 15.9–29.8)) and 82.4%
(ΔGFR = 18.6 (IQR 3.6–44.0)) of the subjects with G2 and G3 CKD, respectively (p < 0.001). The variables independently
associated withΔGFR were baseline body mass index (BMI) (positively), high blood pressure (HBP) (negatively), and fasting
plasma glucose (FPG) (negatively), as well as FPG variation (positively). An overall prevalence of high UACR (≥ 30 mg/g−1) of
17.9% was found, with 81.5% of these subjects presenting A2(30–300 mg/g−1) and 18.5% A3(> 300 mg/g−1) UACR. UACR
significantly decreased after BS (p < 0.001). Significant predictors ofΔUACR were BMI, systolic blood pressure, and HbA1c.
Urinary excretion of calcium oxalate crystals was found in 77(11.1%) patients, with only 1 presenting oxalate-mediated renal
complications.

* Daniela S. C. Magalhães
danielascmagalhaes@gmail.com

Jorge M. P. Pedro
jorgebraganca@gmail.com

Pedro E. B. Souteiro
pedrobsouteiro@gmail.com

João Sérgio Neves
joaosergioneves@gmail.com

Sofia Castro-Oliveira
sofiacastro.oliveira@gmail.com

Rita Bettencourt-Silva
ritabettsilva@gmail.com

Maria Manuel Costa
maria_manuel_costa@hotmail.com

Ana Varela
anavarelasande@gmail.com

Joana Queirós
joanaqr@gmail.com

Paula Freitas
paula_freitas@sapo.pt

Davide Carvalho
davideccarvalho@gmail.com

1 Endocrinology, Diabetes and Metabolism Department, Centro
Hospitalar São João, Alameda Prof. Hernâni Monteiro,
4200-319 Porto, Portugal

2 Faculty of Medicine, University of Porto, Alameda Prof. Hernâni
Monteiro, 4200-319 Porto, Portugal

3 Instituto de Investigação e Inovação em Saúde, University of Porto,
Alameda Prof. Hernâni Monteiro, 4200-319 Porto, Portugal

4 Multidisciplinary Group for SurgicalManagement of Obesity, Centro
Hospitalar de São João, Alameda Prof. Hernâni Monteiro,
4200-319 Porto, Portugal

Obesity Surgery (2019) 29:197–206
https://doi.org/10.1007/s11695-018-3508-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-018-3508-1&domain=pdf
http://orcid.org/0000-0002-8822-1179
mailto:danielascmagalhaes@gmail.com


Conclusions ΔGFR seems to be influenced by the initial kidney function, as it decreases in subjects with hyperfiltration but tends
to increase in those with kidney dysfunction. These results suggest that BS is associated with improvement of kidney outcomes,
without a significant increase in renal complications.
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Introduction

There has been a marked increase in the prevalence of
overweight/obesity in recent decades [1, 2]. Obesity has a
profound impact on global morbidity and mortality, as well
as on overall health-related costs, and is therefore considered a
serious public health problem. There is an undeniable evi-
dence that obesity is associated with a variety of chronic co-
morbidities, such as diabetes mellitus (DM), high blood pres-
sure (HBP), cardiovascular disease, and cancer [2]. However,
in addition to these major health problems, there is growing
evidence that obesity is also an independent risk factor for
chronic kidney disease (CKD) [3–6].

The pathophysiological mechanisms throughout which
obesity leads to kidney dysfunction remain unclear.
Several theories have already been proposed, suggesting
the involvement, among others, of systemic inflamma-
tion [3, 5, 7, 8], oxidative stress [3], renin-angiotensin-
aldosterone axis and/or sympathetic nervous system hy-
peractivation [3, 5], systemic and glomerular hyperten-
sion [7, 8], anomalies of glucose metabolism [7, 8], and
deregulated production of adipokines [7]. In addition,
there is contribution of the increased intra-abdominal
pressure, caused by centripetal deposition of visceral
adipose tissue, with consequent renal venous stasis [4].
Regardless of the underlying pathophysiological mecha-
nism, kidney dysfunction in obese patients is initially
characterized by glomerular hyperfiltration, followed by
a progressive increase in the urinary albumin excretion
(UAE), reflecting glomerular lesion [3, 9, 10].

Bariatric surgery (BS) is the most effective treatment
for obesity [11]. Several authors have sought to determine
the effect of sustained weight loss on kidney function of
obese patients. Although the majority of studies on this
matter agree on the reduction of glomerular hyperfiltration
and UAE, there are still incongruent results, mainly in
those regarding the evolution of the estimated glomerular
filtration rate (eGFR) [12]. Furthermore, apart from the
potential medical benefits of significant weight loss with
BS, there are some possible renal complications that
should not be neglected. Malabsorptive procedures such
as Roux-en-Y gastric bypass (RYGB) decrease fat and
calcium absorption, which may result in calcium oxalate
nephrolithiasis and, if this is sustained, in a rare but seri-
ous form of oxalate nephropathy [7, 8].

The main objectives of our study were to evaluate the im-
pact of BS on kidney function, trying to clarify the determi-
nants of the evolution of both GFR and UAE. Furthermore,
we also access the occurrence of oxalate-mediated kidney
complications.

Material and Methods

Study Design and Participants

An observational retrospective longitudinal study was con-
ducted in a population of obese patients evaluated by a multi-
disciplinary group for surgical treatment of obesity. A total of
1448 patients underwent BS between January/2010 and
July/2015. Among them, those with baseline-estimated GFR
(eGFR0) < 30 mL min−1 1.73 m−2 or without information
about the GFR 2-year post-surgery (eGFR2) were excluded,
being able to identify 725 patients that were enrolled in this
study.

Demographic (age and sex), clinical and anthropometric
(body mass index (BMI), waist (WC) and hip (HC) circum-
ferences, systolic (SBP) and diastolic (DBP) blood pressures),
and analytic measures (white blood cells count (WBC), C-
reactive protein (CRP), lipid profile, fasting plasma glucose
(FPG) and HbA1c, serum creatinine, and urinary albumin-to-
creatinine ratio (UACR)) were obtained before and at 2-year
follow-up after BS.

Subjects were considered having DM if fullfeed the diag-
nosis criteria stablished by the American Diabetes Association
Standards of Medical Care in Diabetes 2017 [13]. They were
considered having HBP if they were taking antihypertensive
drugs. The diagnosis of dyslipidemia was based on Adult
Treatment Panel III cholesterol guidelines [14].

Kidney Function Impairment Definition
and Classification

Themethod used to determine the serum creatininewas the kinetic
Jaffe method compensate to the isotope dilution mass spectrome-
try (ID-MS) reference method, both at baseline and at 2-year fol-
low-up. Estimated GFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula, based
on serum creatinine. Glomerular hyperfiltration was defined as an
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eGFR ≥ 125 mL min−1 1.73 m2. The data were analyzed collec-
tively as a cohort and in subgroups based on eGFR ≥ 125 (G0),
125 > eGFR ≥ 90 (G1), 90 > eGFR≥ 60 (G2), and 60 > eGFR≥
30 (G3) mLmin−1 1.73m2. Albuminuria was also analyzed either
collectively, being classified as normal to mildly increased if
UACR< 30 mg g1 (A1), moderately increased if UACR 30–
300 mg g1 (A2), and severely increased if UACR>300 mg g1

(A3), either divided in two main subgroups based on normal
UACR (< 30 mg g1) or high UACR (≥ 30 mg g1). The eGFR
and UACR cut-offs were selected based on Kidney Disease
Improving Global Outcomes (KDIGO) that states that a normal
GFR is ≥ 90 and, in young adults, is approximately
125mLmin−1 1.73 m2, and that a UACR≥ 30mg g1 is abnormal
[15].

We also calculated the variations of the eGFR (ΔGFR) and
UACR (ΔUACR) as the difference between the 2-year fol-
low-up and baseline values of these parameters.

The presence of calcium oxalate crystals was identified by
routine bright-field microscopic examination of urine sedi-
ment. The proportion of excretion reported was based on the
number of crystals seen per high-power field (HPF), being
classified as rare if < 5/HPF, mild if 5–10/HPF, and abundant
if > 10/HPF. To evaluate the presence of oxalate-related kid-
ney complications, we assessed all medical records, emergen-
cy department visits, as well as abdominal or renal ultrasound
scans performed in the national health system during the
follow-up period.

Statistical Analysis

Categorical variables were expressed as frequencies and per-
centages and were compared by Chi-square test. Continuous
variables were presented as means or medians with their re-
spective measures of dispersion, standard deviation, or per-
centiles, depending on whether they followed a normal or
non-normal distribution, respectively. Normal distribution
was evaluated using Shapiro-Wilk test or skewness and kur-
tosis. The parametric continuous variables were compared
using Student’s t test and the non-parametric continuous var-
iables using the Mann-Whitney or Wilcoxon tests, depending
on whether they were independent or matched groups, respec-
tively. The comparison between subgroups were made using
one-way ANOVA or Kruskal-Wallis for continuous variables
of normal or non-normal distribution, respectively, and Chi-
square with z-test subanalysis for categorical variables.
Independent predictors of GFR were identified by multiple
linear regression. A variance inflation factor (VIF) above 3
was used to assume collinearity and to exclude variables for
the regression. Reported p values were two tailed, and
p < 0.05 was considered significant. Analyses were performed
with the use of SPSS Statistics 20®.

Results

Baseline Characteristics

Within the 725 patients, 647 (89.2%) were women. The me-
dian age of enrolled patients was 41 years (IQR 34–51).
Average preoperative weight and BMI were 112.4 kg (IQR
103.0–125.0) and 43.4 kg/m−2 (IQR 40.6–46.9), respectively.
Among them, 459 (63.3%) performed RYGB, 144 (19.9%)
placed an adjustable gastric band (AGB), and 122 (16.8%)
underwent vertical gastrectomy (VG).

Regarding kidney function, 38 (5.2%) of subjects were
classified as having G0 hyperfiltration, 492 (67.9%) had G1,
178 (24.6%) had G2, and 17 (2.3%) had G3 eGFR.

We found significant differences between these groups.
Age had a significant effect on eGFR (H [3] = 114.96,
p < 0.001). Subjects in G0 eGFR category were significant-
ly younger (p < 0.001) than the patients in all other groups,
as were those in G1 as compared with subjects in G2 and
G3 groups. On the other hand, despite SBP did not show a
significant effect on eGFR (H [3] = 7.07, p = 0.070), we
found that the median values of this variable were signifi-
cantly different (p = 0.043) between G1 and G2 groups,
with higher values in the last one. The effect of HBP on
eGFR was significant (χ2 [3] = 13.85, p = 0.003), with a
higher (p = 0.003) proportion of patients with this diagno-
sis in G3 (64.7%) than in G0 (21.1%) categories. HbA1c
also demonstrated a significant effect on eGFR (H [3] =
20.96, p < 0.001), showing significantly different (p =
0.042) median values between G0 and G3 groups.
Furthermore, the presence of DM also had a significant
effect on eGFR (χ2 [3] = 22.80, p < 0.001), with a signifi-
cantly higher (p < 0.001) proportion of patients with this
diagnosis in the higher categories of eGFR (G2 and G3).
The comparison of demographic and metabolic features at
baseline between eGFR categories is shown on Table 1.

Concerning UACR, we only had data for both baseline and 2-
year follow-up in a total of 301 patients, of whom 10 (3.3%) had
A3, 44 (14.6%) had A2, and 247 (82.1%) had A1 albuminuria.
We found significant differences between the two main sub-
groups of normal and high UACR (Table 2). Males presented
increased UACR (χ2 [1] = 9.305, p = 0.002). Subjects in high
UACR group had significantly higher weight (U = 4977, p =
0.003) and BMI (U = 5275, p= 0.016) than those in the normal
UACR group. Not only the median values for SBP (U = 2964.5,
p < 0.001) and DBP (U = 3668, p = 0.007) were significantly
higher in highUACR group, as well as the proportion of subjects
with the diagnosis of HBP was also higher in this subgroup of
patients (χ2 [1] = 7.324, p= 0.007). Similar results were found in
the evaluation of DM, with higher values of FPG (U = 4876, p=
0.002) and HbA1c (U = 3878.5, p < 0.001) in high UACR
group, as well as a higher proportion of subjects with baseline
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DM diagnosis in this subgroup of patients (χ2 [1] = 8.715, p =
0.003). Furthermore, there were also differences regarding the
lipid profile, with lower high-density lipoprotein cholesterol
(HDL-C) (U = 5132, p = 0.021) and higher triglycerides (TG)
(U = 4916.5, p = 0.008) in high UACR subgroup.

Regarding the possible oxalate-related kidney complica-
tions, 7 of 329 (2.1%) patients already presented calcium ox-
alate crystals urinary excretion at baseline, being rare in 2,
mild in 4, and abundant in 1 patient.

Postoperative Follow-up

BS provided a statistically significant (p < 0.001) decrease
in weight, BMI, WC, and HC, with an excess weight loss
(EWL) of 60.1% (IQR 43.7–72.3) at 2-year follow-up.

Surgery was associated with a significant reduction
(p < 0.001) of SBP and DBP. An improved lipid profile
was observed, with significant reduction (p < 0.001) in
total cholesterol (TC), low density lipoprotein cholesterol
(LDL-C) and TG, as well as a significant increase
(p < 0.001) in HDL-C. Regarding glycemic control, there
was a significant reduction (p < 0.001) of FPG and HbA1c
after surgery. We found a significant decrease (p < 0.001)
in the proportion of patients with the diagnosis of HBP,
dyslipidemia, and DM. Surgery was also associated with
improvement of systemic inflammatory status, showing a
significant reduction (p < 0.001) in total WBC count and
CRP. The comparison of cohort clinical and metabolic
features between baseline and 2-year follow-up is shown
in Table 3.

Table 1 Comparison of demographic and metabolic parameters at baseline between GFR categories

eGFR (N (%)) G0. eGFR ≥ 125 (38
(5.2))

G1. 90 ≤ eGFR < 125 (492
(67.9))

G2. 60 ≤ eGFR < 90 (178
(24.6))

G3. eGFR < 60 (17
(2.3))

p value

Age (year) 30.0 (25.0–35.0) 40.0 (34.0–49.0) 50.0 (41.0–55.0) 56.0 (50.0–60.0) < 0.001*a

0.591 (G2–G3)

Sex (F, n (%)) 32 (84.2) 437 (88.8) 165 (92.7) 13 (76.5) 0.078

Weight (kg) 113.5 (107.9–126.0) 112.0 (102.0–125.0) 112.5 (104.0–124.0) 121.0 (104.0–128.3) 0.990

BMI (kg m−2) 43.8 (42.2–46.0) 43.3 (40.6–46.7) 43.9 (40.6–46.9) 42.7 (41.3–50.1) 0.528

WBC (× 109 L−1) 8.0 (7.0–9.2) 7.7 (6.5–9.1) 7.6 (6.1–8.7) 8.1 (6.8–9.6) 0.373

CRP (mg L−1) 9.4 (6.2–14.7) 9.7 (5.2–15.6) 5.4 (2.6–9.2) 13.8 (11.4–16.8) 0.072

SBP (mmHg) 130.0 (120.0–140.0) 130.0 (120.0–142.0) 136.0 (120.5–145.0) 140.0 (120.0–147.5) 0.043*b

(G1–G2)

DBP (mmHg) 80.0 (70.0–87.0) 80.0 (79.0–90.0) 80.0 (79.0–90.0) 80.0 (74.0–82.5) 0.273

HBP (n (%)) 8 (21.1) 186 (39.5) 83 (47.7) 11 (64.7) 0.003*c

FPG (mg dL−1) 91.0 (80.0–103.0) 92.0 (82.0–106.0) 96.0 (84.0–111.0) 103.0 (92.0–120.0) 0.161

HbA1c (%) 5.3 (5.1–5.9) 5.6 (5.4–6.0) 5.7 (5.5–6.1) 6.2 (5.7–9.1) < 0.001*d

DM (n (%)) 5 (13.2) 139 (28.5) 71 (40.1) 11 (64.7) < 0.001*e

TC (mg dL−1) 190.5 (166.5–218.0) 200.0 (175.0–222.0) 211.0 (181.5–232.0) 186.0 (172.0–229.0) 0.076

HDL-C (mg dL−1) 45.0 (40.0–54.5) 49.0 (42.0–56.0) 52.0 (44.0–59.0) 44.0 (41.0–52.0) 0.220

LDL-C (mg dL−1) 119.5 (95.5–144.5) 128.0 (106.0–142.0) 133.0 (112.0–152.5) 124.0 (97.0–150.0) 0.186

TG (mg dL−1) 114.5 (86.0–159.0) 121.5 (92.0–164.0) 124.0 (95.0–163.0) 149.0 (116.0–198.0) 0.565

Dyslipidemia (n
(%))

24 (70.6) 373 (79.4) 142 (80.7) 15 (88.2) 0.456

F, female; BMI, body mass index;WBC, white blood cells count; CRP, C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HBP, high blood pressure;FPG, fasting plasma glucose;DM, diabetes mellitus; TC, total cholesterol;HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; TG, triglycerides

*p < 0.05, statistically significant
a Except between G2 and G3 groups, with no significant difference in age distribution or median between them (p = 0.591)
b There is no difference in SBP distribution between the groups; however, the median values of SBP are significantly different between G1 and G2
groups
c The proportion of subjects with HBP is significantly different between G0 and G3 groups, with higher percentage in last one (21.1 vs. 64.7%,
respectively)
d The distribution of HbA1c is significantly different between G0 and bothG2 (p = 0.006) and G3 (p = 0.001) groups, as well as betweenG1 and G3 (p =
0.019) groups, and the HbA1c median is significantly different between G0 and G3 groups (p = 0.042)
e The proportion of patients with DM at baseline is significantly higher in G2 (40.1%) and G3 (64.7%) groups, comparing with G1 (28.5%) and G0
(13.2%) categories
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The Impact on Kidney Function

The kidney function parameters also improved after surgery.
There was a significant reduction (p < 0.001) in serum creati-
nine at the second post-operative year. At 2-year follow-up, 64
(8.8%) of subjects were classified as having G0
hyperfiltration, 611 (84.3%) as G1, 42 (5.8%) as G2, and only
8 (1.1%) as G3 eGFR.

Figure 1 shows the evolution of eGFR throughout the 2-
year follow-up after BS, according to initial level of kidney
function. The variation of eGFR was not significant (p =
0.057) for patients with baseline hyperfiltration, however,
the majority (63.2%) of these subjects showed a tendency
for a decrease on eGFR median value. On the other hand,
eGFR significantly increased (p < 0.001) on subjects with
baseline G2 eGFR, of whom 96.6% showed a positive change
in their GFR values (ΔGFR = 23.8 (IQR 15.9–29.8)), as well
as on those with baseline G3 eGFR (p = 0.004), with a positive
variation in 82.4% of these subjects (ΔGFR = 18.6 (IQR 3.6–
44.0)). However, despite an overall improvement in kidney
function, 57.9% of subjects with baseline hyperfiltration
maintained values of eGFR2 > 125 mL/min/1.73 m2, as well
as 41.2% of subjects with baseline G3 eGFR still presented
values of eGFR2 < 60 mL/min/1.73 m2. The major benefit
was found for subjects with baseline G2 eGFR, of whom
86.0% showed a normal kidney function at 2 years after
surgery.

Regarding UACR, we found that the median value of this
variable also significantly decreased (p < 0.001) after surgery,
and at 2-year follow-up, only 1 (0.3%) patient had A3, 17
(5.6%) had A2, and 283 (94%) had A1 (p < 0.001). Of the
44 subjects with baseline A2 UACR, 37 (84.1%) presented
normal UACR (A1) at 2-year follow-up and, of the 10 patients
with baseline A3 UACR, only 1 maintained this level of ex-
cretion, with 7 (70%) subjects presenting A2 and 2 (20.0%)
presenting A1 UACR at 2-year follow-up.

Of the seven patients that already presented at base-
line urinary excretion of calcium oxalate crystals, only
one maintained positive excretion during all follow-up
period, with an increase in the proportion of excretion
from mild at baseline to abundant either at 1- and 2-
year follow-up. In general, 77/694 (11.1%) patients pre-
sented calcium oxalate crystals excretion at some point
during the 2-year follow-up, 51 (7.7%) patients at 1-
year reassessment (rare in 6 (0.9%), mild in 19
(2.9%), and abundant in 26 (3.9%) patients) and 37
(5.5%) at 2-year revaluation (rare in 4 (0.6%), mild in
14 (2.1%), and abundant in 19 (2.8%) patients). In 11
of these patients, crystals excretion was sustained from
the first to the second year after surgery, with main-
tained proportion of excretion in the majority (9) of
them, increase from mild to abundant in only 1 and
decrease from abundant to mild in 2 patients. In most
cases, calcium oxalate crystals urinary excretion was

Table 2 Comparison of
demographic and metabolic
parameters at baseline between
UACR categories

UACR (mg g−1; N (%)) Normal UACR (247 (82.1)) High UACR (54 (17.9)) p value

Age (year) 41.0 (34.0–50.0) 45.0 (37.0–51.0) 0.099

Sex (F/M; n (%)) 227 (91.9)/20 (8.1) 42 (77.8)/12 (22,2) 0.002*

Weight (kg) 110.0 (102.4–119.8) 117.0 (107.0–130.9) 0.003*

BMI (kg m−2) 43.4 (40.4–45.9) 45.2 (40.9–49.9) 0.016*

WBC (× 109 L−1) 7.87 ± 2.03 8.47 ± 1.89 0.060

CRP (mg L−1) 8.6 (5.6–14.8) 15.2 (8.7–18.4) 0.146

SBP (mmHg) 130.0 (120.-140.0) 140.0 (130.0–152.0) < 0.001*

DBP (mmHg) 80.0 (78.0–90.0) 86.0 (80.0–90.0) 0.007*

HBP (n (%)) 93 (39.1) 32 (59.3) 0.007*

FPG (mg dL−1) 92.0 (82.0–107.0) 103.5 (85.0–140.0) 0.002*

HbA1c (%) 5.7 (5.3–6.1) 6.1 (5.6–7.0) < 0.001*

DM (n (%)) 75 (30.7) 28 (51.9%) 0.003*

TC (mg dL−1) 199.0 (172.0–224.0) 196.0 (170.0–214.0) 0.350

HDL-C (mg dL−1) 49.0 (43.0–57.0) 45.0 (40.0–54.0) 0.021*

LDL-C (mg dL−1) 129.0 (102.5–144.0) 118.0 (104.0–134.0) 0.125

TG (mg dL−1) 124.5 (92.0–161.0) 154.0 (109.0–185.0) 0.008*

Dyslipidemia (n (%)) 180 (76.3) 45 (84.9%) 0.171

F, female;M, male; BMI, body mass index;WBC, white blood cells count; CRP, C-reactive protein; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HBP, high blood pressure; FPG, fasting plasma glucose; DM,
diabetes mellitus; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein cholesterol; TG, triglycerides

*p < 0.05, statistically significant
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Table 3 Comparison of clinical
and metabolic features between
baseline and 2-year follow-up
after bariatric surgery

n = 725 Before surgery 2-year follow-up p value

Weight (kg) 112.4 (103.0–125.) 78,5 (69.3–88.5) < 0.001*

BMI (kg m−2) 43.4 (40.6–76.9) 30.0 (26.9–34.0) < 0.001*

WC (cm) 121.0 (115.0–130.0) 93.0 (85.0–104.50) < 0.001*

HC (cm) 132.0 (126.0–140.8) 107.0 (102.0–115.0) < 0.001*

Serum creatinine (mg dL−1) 0.74 (0.62–0.85) 0.60 (0.54–0.70) < 0.001*

UACR (mg g−1) 8.5 (4.5–21.3) 4.2 (2.8–7.7) < 0.001*

WBC (× 109) 7.7 (6.5–8.9) 6.4 (5.4–7.5) < 0.001*

CRP (mg L−1) 9.2 (5.2–15.5) 1.4 (0.7–3.4) < 0.001*

SBP (mmHg) 130.0 (120.0–142.0) 120.0 (110.0–133.0) < 0.001*

DBP (mmHg) 80.0 (78.5–90.0) 78.0 (70.0–80.0) < 0.001*

HBP (n (%)) 288 (41.1) 158 (28.5) < 0.001*

FPG (mg dL−1) 93.0 (83.0–106.5) 85.0 (80.0–91.0) < 0.001*

HbA1c (%) 5.7 (5.4–6.1) 5.3 (5.1–5.6) < 0.001*

DM (n (%)) 226 (31.4) 96 (13.8) < 0.001*

TC (mg dL−1) 201.0 (175.0–225.0) 186.0 (164.0–207.0) < 0.001*

HDL-C (mg dL−1) 49.0 (43.0–57.0) 60.0 (52.0–68.0) < 0.001*

LDL-C (mg dL−1) 128.0 (107.0–146.0) 106.0 (89.0–125.0) < 0.001*

TG (mg dL−1) 123.0 (92.0–165.0) 85.0 (66.0–110.0) < 0.001*

Dyslipidemia (n (%)) 554 (79.5) 331 (48.0) < 0.001*

BMI, body mass index; WC, waist circumference; HC, hip circumference; UACR; urinary albumin-to-creatinine
ratio; WBC, white blood cell count; CRP, C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HBP, high blood pressure; FPG, fasting plasma glucose; DM, diabetes mellitus; TC, total cholesterol;
HDL-C, high density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides

*p < 0.05, statistically significant

Fig. 1 Evolution of eGFR after
bariatric surgery, according to
initial level of kidney function
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only temporary and not sustained in time. Oxalate-
mediated renal complications were found in only one
of these patients, who presented de novo calcium oxa-
late crystals excretion at 1-year follow-up, maintained
over the second year, with records of nephrolithiasis
and proven nephrocalcinosis. No association was found
between calcium oxalate crystals urinary excretion either
at baseline or during follow-up and baseline kidney
function. On the other hand, we found a significant
association between crystals excretion and the type of
BS performed (χ2 [2] = 7.755, p = 0.021). Subjects sub-
mitted to AGB showed a lower likelihood of crystals
urinary excretion and, in contrast, patients submitted to
RYGB were more likely to present positive excretion. In
fact, 60 of the 77 (77.9%) patients that presented crys-
tals urinary excretion were submitted to RYGB.

Multiple Linear Regression Models

The baseline characteristics that had a statistical significant
difference between the four categories of baseline eGFR in
the univariate analysis were included in a multiple linear re-
gression model as potential predictors of eGFR before and
after surgery. Only age was a significant predictor of eGFR,
either at baseline (F [5589] = 35.80, p < 0.001; R2 = 0.233), as
well as 2 years after surgery (F [5589] = 109.0, p < 0.001;
R2 = 0.481). These results are summarized in Table 4.

We also studied if any of the measured variables at baseline
made an important contribution to ΔGFR. A Spearman’s
rank-order correlation was run to determine the relationship
between ΔGFR and those clinical and metabolic parameters.
There was a week correlation betweenΔGFR and BMI (rs =
0.098, p = 0.009), FPG (rs = −0.159, p < 0.001), and HBP di-
agnosis (rs = −0.131, p = 0.001). Applying a multiple linear
regression, these correlations were maintained and a signifi-
cant regression equation was found (F [3683] = 10.29,
p < 0.001; R2 = 0.043). These results are shown in Table 5.
Furthermore, we also found that ΔGFR correlates positively

with ΔFPG (Fig. 2). We have showed that FPG significantly
decreased (p < 0.001) 2 years after surgery, with a median
ΔFPG of − 6.0 (IQR − 19.0–2.0). When applied the linear
regression model, we found a significant regression equation
(F [1708] = 12.26, p < 0.001; R2 = 0.017).

We also tried to identify potential predictors of baseline
UACR. Weight was excluded due to its collinearity with
BMI, and FPG was excluded due its collinearity with
HbA1c. Being male, as well as higher SBP and A1c were
significantly correlated with higher baseline UACR (F
[9306] = 3.78, p < 0.001; R2 = 0.074). No predictors of 2-
year follow-up UACR were found (F [10, 419] = 1.12, p =
0.349). A Spearman’s rank-order correlation was run to deter-
mine possible associations between ΔUACR and the clinical
and metabolic parameters analyzed. Week correlations were
found with sex (rs = 0.161, p = 0.005), weight (rs = − 0.198,
p = 0.001), BMI (rs = − 0.208, p < 0.001), SBP (rs = − 0.279,
p < 0.001), DBP (rs = − 0.202, p = 0.001), HBP (rs = − 0.120,
p = 0.040), TG (rs = − 0.155, p = 0.008), dyslipidemia (rs = −
0.129, p = 0.029), FPG (rs = − 0.159, p = 0.006), HbA1c (rs =
− 0.198, p = 0.001), and DM (rs = − 0.218, p < 0.001). Weight
and FPG were excluded due to its collinearity with BMI and
HbA1c, respectively. Higher BMI, SBP, and A1c were signif-
icantly correlated with lower ΔUACR (F [9233] = 3.631,
p < 0.001; R2 = 0.089).

Table 4 Multiple linear
regression models for prediction
of eGFR0 and eGFR2
measurements

Independent variables eGFR0a eGFR2b

β (95% CI) p value β (95% CI) p value

Age − 0.825 (− 0.96–(− 0.69)) < 0.001* − 0.842 (− 0.93–(− 0.75)) < 0.001*

SBP − 0.004 (− 0.08–0.07) 0.913 0.012 (− 0.04–0.06) 0.635

HBP 2.591 (− 0.42–5.61) 0.092 − 0.708 (− 2.71–1.29) 0.487

HbA1c − 0.572 (− 2.08–0.94) 0.456 − 0.905 (− 1.90–0.09) 0.076

DM − 0.310 (− 3.71–3.09) 0.858 − 1.884 (− 4.13–0.36) 0.100

SBP, systolic blood pressure; HBP, high blood pressure; DM, diabetes mellitus

*p < 0.05, statistically significant
a Adjusted R2 = 0.227
bAdjusted R2 = 0.476

Table 5 Multiple linear regression model for prediction of ΔGFR

Independent variables ΔGFRa

β (95% CI) p value

Baseline BMI 0.243 (0.06–0.42) 0.009*

Baseline HBP − 2.933 (− 5.14–(− 0.73)) 0.009*

Baseline FPG − 0.054 (− 0.09–(− 0.02)) 0.001*

BMI, body mass index; HBP, high blood pressure; FPG, fasting plasma
glucose

*p < 0.05, statistically significant
a Adjusted R2 = 0.039
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Conclusions

We found thatΔGFR depends on the initial category of renal
function in patients that underwent bariatric surgery. In pa-
tients with baseline hyperfiltration, ΔGFR showed a down-
ward trend and, in contrast, in those with baseline kidney
dysfunction, ΔGFR significantly increased.ΔGFR was min-
imal in patients with normal baseline kidney function.
However, we did not obtain statistical significance in patients
with baseline glomerular hyperfiltration, probably due to the
small sample size of this subpopulation. Coupaye et al. [3]
found exactly the same trend for ΔGFR during 1-year fol-
low-up period following BS in 323 obese patients. However,
population distribution by baseline kidney function categories
in that publication was quite different from ours. Before sur-
gery, the authors presented that 59% of patients had glomeru-
lar hyperfiltration (contrasting with only 5.2% of our patients)
and only 22% had normal kidney function (vs. 67.9% of our
patients). The different threshold for hyperfiltration,
120 mL/min1 for Coupaye and 125 mL/min1 in our study, is
insufficient to justify such considerable differences. In addi-
tion, Coupaye achieved more significant reductions in GFR in
patients with baseline hyperfiltration, of whom only 45%
maintained the same GFR category, compared with 57.9%
in our study.

Similarly, in Coupaye et al. [3], the main factors associated
with baseline kidney dysfunction, especially with the most
advanced stage of dysfunction (G3), were older age, higher

baseline HbA1c, and previous diagnosis of HBP and DM.
However, in our study, only age showed to be an independent
predictor of eGFR, both before and 2 years after BS. In con-
trast, Friedman et al. showed that not only age but also BMI
and HbA1c, could be significantly and independently associ-
ated with baseline CKD [11].

We found that the major benefit of BS on improving GFR
in obese patients was in those with underlying kidney dys-
function. These findings are in concordance with those report-
ed by Holcomb et al. [6] and Chun-Cheng Hou et al. [16].

Regarding UACR, we found an overall prevalence of high
UACR of 17.9%, 81.5% presenting microalbuminuria (A2
equivalent) and 18.5% macroalbuminuria (A3 equivalent).
These results were similar to the ones described by
Rosenstock et al. [17]. We found a significant decrease in
UACR after BS, with the majority (84.1%) of our subjects
with baseline A2 UACR experiencing resolution by the sec-
ond year of follow-up, as described by Reid et al. [18]. Our
results showed that the main factors associated to higher base-
line UACR were male sex, higher baseline SBP and HbA1c.
For Rosenstock et al., DM diagnosis was the only significant
factor associated with albuminuria [17]. Coupaye et al., in its
turn, found that baseline microalbuminuria was higher in pa-
tients taking drugs for DM and HBP [3]. Combining our re-
sults with those of the aforementioned studies, we can pre-
sume that not only the diagnosis of DM and HBP may be
relevant for the development of high UACR but also the in-
adequate control of these comorbidities. Furthermore, we

Fig. 2 Relationship between
ΔGFR and ΔFPG. Delta was
calculated as the difference
between 2-year postsurgical
values and baseline values
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found that obese males have a higher likelihood of presenting
high UACR before surgery. This difference between genders
can be explained by the differences we found in HBP and DM
prevalence according to gender. Analyzing the subgroup of
301 patients with results for UACR, we found a higher prev-
alence of DM in males (53.1%), comparing with females
(32.3%) (χ2 [1] = 5.46, p = 0.019). Furthermore, median base-
line values of SBP were significantly higher in males (140.0
(125.0–146.0) vs. 130.0 (120.0–140.0), U = 1409.0, p =
0.037).

Analyzing the whole cohort, it is possible to find determinants
of ΔGFR, namely, BMI, FPG (either its baseline value and its
variation), and the baseline diagnosis of HBP. Baseline BMI
showed a positive correlation with ΔGFR, i.e., the higher the
BMI value before surgery, the greater the ΔGFR. On the other
hand, baseline FPG exhibited a negative correlation withΔGFR,
and the opposite (positive) correlationwas found forΔFPG. This
means that the greater the decrease in mean FPG values after
surgery, the greater the improvement in GFR over the same time
period. In addition, the presence of HBP prior to surgery was
associatedwith a lowerΔGFR. ForΔUACR,we found negative
correlations with baseline BMI, SBP, and HbA1c, showing that
the resolution of high UACR were less likely for higher baseline
values of these variables. Coupaye et al. showed similar results,
stating that the delta of microalbuminuria was linked to the de-
crease in SBP and FPG [3].

Regarding the urinary excretion of calcium oxalate crystals,
we found a significant correlationwith the type of BS performed,
with patients submitted to RYGP presenting a higher likelihood
of positive excretion. These differences are already described in
literature, with evidence of the highest risk for malabsorptive
procedures and the lowest for purely restrictive ones [19]. In
procedures with a malabsorptive component like RYGB, non-
absorbed fatty acids bind to calcium, making it unavailable to
precipitate as calcium oxalate and to be excreted in stools. This
results in hyperoxaluria and increased intestinal absorption of
oxalate, which is excreted unchanged in urine [19, 20]. Only
one of the patients with positive crystals excretion developed
nephrolithiasis during follow-up. This low incidence of
nephrolithiasis can be related with the short period of follow-up
since the mean interval from BS to the diagnosis of new-onset
nephrolithiasis range from 1.5 to 3.6 years [19].

Our study has some limitations. First, non-weight-based
formulas normalized to body surface area, such as the
MDRD and CDK-EPI equations, may underestimate renal
function in morbidly obese individuals [21–23]. On the other
hand, weight-based eGFR formulas like Cockcroft equation
often overestimate eGFR in obese subjects. In fact, most of the
formulas commonly used to calculate eGFR already have an
inherent bias when applied to individuals undergoing BS,
since surgery induces changes in muscle mass which in turn
influence plasma creatinine values [3]. Hence, using CKD-
EPI equation to estimate GFR may have resulted in eGFR

false elevations after BS, since this formula assume that mus-
cle mass is constant for sex and age. However, Friedman et al.
accounting for this fact, performed an additional analysis
using year 1 after BS as baseline, when weight loss plateaued
in most patients. These authors presented results qualitatively
similar to the main analysis, with improvement of CKD risk
by year 2 in 51, 58, and 30% of patients with moderate, high,
and very high baseline CKD risk, respectively [11]. This
proves the likely beneficial effects of BS on kidney health,
reducing the potential bias introduced by using a formula
based on serum creatinine. We chose to exclude from our
evaluation patients with severe renal impairment with eGFR
< 30 mL/min/1.73 m2, so our results cannot be extrapolated to
this subpopulation. In addition, the number of males included
was small, representing only 10.8% of our sample, as it hap-
pens in other studies on bariatric population. Furthermore, as
we only have included patients with information about the
GFR before and 2 years after BS, only half of our whole initial
population was enrolled in this study. Regarding the
subanalysis of UACR and crystal urinary excretion, we cannot
eliminate the potential effect of drugs and diet, since these
parameters were not considered in our evaluation.

In conclusion, besides the global improvement in metabol-
ic and inflammatory status, BS also seems to be associated
with improvement of renal outcomes, without significant in-
crease of renal complications.

European [24] and American [2] recommendations for the
surgical treatment of obesity agree on the treatment of patients
with BMI ≥ 40 kg/m2 as well as those with BMI 35–40 kg/m2

with obesity-related comorbidities. In both recommendations
are listed several of these possible comorbidities, without ref-
erence to CKD. Our results raise the question whether non-
dialysis-dependent CKD should be considered for the selec-
tion of patients as candidates for BS.

Authors’ Contributions All authors participated in the collection of data.
DM interpreted the data and wrote the manuscript. All authors read and
approved the final manuscript.

Funding This research did not receive any specific grant from any
funding agency in the public, commercial, or not-for-profit sector.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval All procedures performed in this study involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed Consent Informed consent was obtained from all individual
participants included in the study.

OBES SURG (2019) 29:197–206 205



Abbreviations DM, Diabetes mellitus; HBP, High blood pressure;
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