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Abstract

Background While evidence of improved renal function following gastric bypass exists, pre-operative predictors of this im-
provement are not completely known.

Objectives To assess the glomerular filtration rate (GFR) 1 year after Roux-en-Y gastric bypass (RYGB) and to identify pre-
operative predictors associated with the improvement of renal function.

Methods A historical cohort study, which included 109 obese patients before and 12 months after RYGB, was classified into
subgroups according to GFR (normofiltration, hypofiltration (GFR < 5th percentile), and hyperfiltration (GFR > 95th percen-
tile)). The 5th and 95th percentiles were 90 and 120 mL/min/1.73 m?, respectively. The primary outcome was the variation of
GFR (%GFR) estimated by the Chronic Kidney Disease - Epidemiology Collaboration (CKD-EPI) formula, calculated using
serum creatinine, ethnicity, and gender.

Results The mean age was 38.3 +10.3 years and 77% were female; 52.3% presented hypertension and 27.5% type 2 diabetes.
One year after surgery, the mean BMI decreased from 36.7 + 3.6 to 28.8 + 3.3 kg/m? (p < 0.001). Pre-surgically, 37.6% presented
hypofiltration, 47.7% normofiltration, and 14.7% hyperfiltration. The overall GFR increased from 95.5+ 19 to 104 +16.4 mL/
min (10.9%) (p <0.001). The overall post-surgical %GFR was negatively correlated with the pre-surgical GFR (R=—10.687;
p<0.001). In the hypofiltration and normofiltration subgroups, the post-surgical %GFR was negatively correlated with age (R =

—0.328, p=0.036; and R=—0.355, p=0.004, respectively) and pre-surgical GFR (R=—10.436, p=0.04; and R=—0.528,
p <0.001, respectively).

Conclusion RYGB led to a significant improvement in renal function, mainly among patients with a worse pre-operative renal
function. In the hypofiltration and normofiltration subgroups, a younger age was associated with better outcomes.
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Introduction

The prevalence of obesity has been rising steadily over the last
decades, becoming a public health problem [1]. Obesity is
associated with a deleterious influence on renal function,
and this detrimental effect is linked to several pathophysiolog-
ical mechanisms, which are associated with both overweight
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itself and obesity-related co-morbidities, such as diabetes
mellitus, hypertension, and dyslipidemias [2, 3]. As a conse-
quence, obesity can alter renal function and predispose to
various renal changes, such as diabetic nephropathy, hyper-
tensive nephrosclerosis, and focal and segmental
glomerulosclerosis [4]. The mechanism by which these alter-
ations are established may be summarized through a didactic
form as the occurrence of the phenotypes of glomerular
hyperperfiltration and hypofiltration, which may progress to
chronic kidney disease (CKD) and eventually to end-stage
renal disease. Glomerular hyperfiltration is an absolute in-
crease in glomerular filtration rate (GFR), necessarily more
than two standard deviations above the mean GFR of a
healthy population. It may occur in healthy individuals in
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response to high protein loading; however, it may reflect a
long-term loss of renal reserve and is considered an early
marker of development of hypofiltration and eventually late-
stage CKD. On the other hand, glomerular hypofiltration is a
state of an already established decrease of GFR (more than
two standard deviations below the mean GFR of a healthy
population) [5].

The exact mechanisms by which obesity is associated with
renal damage are not fully understood [6]. The adipose tissue,
mainly through its visceral component, plays a relevant role in
this context, acting as a metabolically active tissue and directly
involved in several metabolic pathways responsible for a
number of changes and diseases that accompany obesity [7,
8]. Bariatric surgery has become the gold standard treatment
for refractory morbid obesity, as it leads to a significant and
sustained long-term weight loss, in addition to leading to im-
proved renal function; however, the exact mechanisms by
which this improvement occurs are not completely known [9].

The objectives of this study were to assess the evolution of
estimated GFR in obese individuals 1 year after Roux-en-Y
gastric bypass (RYGB) and to identify pre-operative predic-
tors associated with improvement of renal function.

Methods
Study Design

This is a historical cohort study based on a descriptive analysis
of a prospectively collected database, which evaluated pa-
tients who consecutively underwent RYGB in the pre-
operative period and 12 months after surgery in a public ter-
tiary university hospital from September 2016 through August
2017. The study was approved by the local committee of
ethics in research under the reference number 2.237.978/
Unicamp and all participants signed an informed consent
form.

Study Population

Inclusion criteria were as follows: (1) obese patients who
underwent RYGB; (2) of both genders; (3) aged 18 through
70 years old; (4) minimum follow-up of 12 months. Exclusion
criteria were as follows: (1) CKD under dialysis; (2) smoking;
(3) incomplete medical records; (4) use of nephrotoxic drugs;
(5) vulnerable groups (underaged, people with mental disabil-
ities, institutionalized individuals); (6) previous or current his-
tory of specific nephropathies not related to obesity; (7) pre-
vious or current history of obstructive urinary lithiasis; (8)
history of previous renal surgery.

Of an initial population of 140 patients undergoing surgery,
31 were excluded, leaving a study population of 109 patients.
The reasons for exclusion were as follows: follow-up of less

than 12 months (n = 18), incomplete records (n = 5), smoking
(n=15), obstructive urinary lithiasis (» =2), and use of neph-
rotoxic medication (n=1).

All patients who undergo bariatric surgery at this institution
participate in a pre-operative weight loss program that lasts
from 4 to 12 weeks and is comprised of weekly consultations
conducted by a multidisciplinary team. Patients undergo sur-
gery when an average pre-operative weight loss of 10 to 20%
is achieved [10]. The pre-operative clinical and laboratory
data considered for the analyses were obtained after this
weight loss period, immediately prior to the surgical
procedure.

Indication and Surgical Technique

Surgery was indicated according to the National Institutes of
Health Consensus criteria (body mass index (BMI)>40 kg/
m* or BMI>35 kg/m?®) with obesity-related co-morbidities.
The main features of the RYGB were a 30-mL gastric pouch, a
100-cm biliopancreatic loop, a 150-cm alimentary limb, and a
common channel comprised of the remainder of the small
intestine. All procedures were performed by the same surgical
team and through an open approach.

Variables

The variables pre-operatively analyzed were age, gender, and
self-reported ethnicity. Before and after surgery, BMI, serum
creatinine, serum urea, and estimated GFR using the Chronic
Kidney Disease - Epidemiology Collaboration (CDK-EPI)
formula were assessed. One year after surgery, the percentage
of variation of CKD-EPI was calculated.

The CKD-EPI formula was calculated according to the
proposition of Levey et al. [11]. It was used to evaluate the
estimated glomerular filtration rate and has the advantage of
not taking into account the patient’s weight since, in obese
patients, the formulas that consider this variable tend to over-
estimate the true values of GFR [12]. The CKD-EPI equation,
expressed as a single equation, is:

GFR = 141 x min(Scr/k, 1)* x max(Scr/k, 1) 2% x
0.993"£° x 1.018 [if female] x 1.159 [if black]

Scr is serum creatinine (mg/dL), x is 0.7 for females and
0.9 for males, « is —0.329 for females and — 0.411 for males,
min indicates the minimum of Scr/k or 1, and max indicates
the maximum of Scr/k or 1.

Subgroup Classification

Patients were classified into 3 groups according to their GFR
at baseline: (1) normofiltration (GFR between the 5th and 95th
percentiles of the study population), 90—120 mL/min/1.73 m?;
(2) hypofiltration (GFR below the 5th percentile), GFR <
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90 mL/min/1.73 m?; (3) hyperfiltration (GFR above the 95th
percentile), GFR > 120 mL/min/1.73 m? [13].

Outcomes

The primary outcome was the percentage of variation of GFR
over time and the secondary outcomes were %EWL and
changes in the subgroup classification of the study population
according to renal function.

Statistical Analysis

Comparison of proportions was performed using the chi-
square test or Fisher exact test, when necessary. Normality
was assessed using the Shapiro-Wilk test. Comparisons of
continuous or ordinal measurements between the two mo-
ments of assessment were performed using the Mann-
Whitney test. The Kruskal-Wallis test was used to compare
continuous measures between more than two independent
groups and the Tukey post-test was used to identify which
groups presented significant differences. Associations be-
tween continuous variables were calculated using linear re-
gression models. Multiple regression models were used to
perform an adjustment for possible confounding variables.
The level of significance was set at 5% (p < 0.05).

Results
Demographic Data

Patients presented a mean age of 38.3 +10.3 years and 77%
were female. As to self-declared ethnicity, 79 were white
(72.5%) and 30 black or brown (27.5%); 52.3% presented
hypertension and 27.5% presented type 2 diabetes (16.7%
under use of insulin alone, 76.7% using oral antidiabetics,
and the remaining on both types of medication).

Renal Function Outcomes
Serum Creatinine, Urea, and Glomerular Filtration Rate

One year after surgery, there were significant reductions in
serum creatinine (0.84+0.2 versus 0.75+0.2 mg/dL;
p<0.001) and urea levels (31.7£10.9 versus 27 +£8 mg/dL;
p<0.001); the estimated GFR increased significantly from
95.5+£19 to 104+ 16.4 mL/min (p <0.001). The mean post-
operative percentage of variation in GFR was 10.9%. There
were no significant differences in GFR variation between pa-
tients with or without T2D (p = 0.2) and with or without hy-
pertension (p =0.7).
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Weight Loss Outcomes

One year after surgery, there were significant reductions in
weight (99.9+13.5 versus 79.8+10.9 kg; p<0.001) and
BMI (36.7+3.6 versus 28.8+3.3 kg/m?; p<0.001). The
mean %EWL was 79.2+£26.1% and the mean %TWL was
23.1+9.1%.

Correlation Analysis

The overall variation of the estimated GFR showed sig-
nificant negative correlations with the pre-operative value
of GFR (R=—-10.687; p<0.001) and age (R=—0.215; p=
0.018); i.e., the lower the pre-operative GFR and age, the
greater the percent variation in GFR. There were signifi-
cant positive correlations between the GFR variation and
the pre-operative values of creatinine (R=0.676;
p<0.001) and urea (R=0.417; p<0.001); i.e., the higher
the pre-operative levels of creatinine and urea, the greater
the percentage of change in GFR. There were no signifi-
cant correlations between GFR variation and %EWL (R =
—0.0243; p=0.8),%2TWL (R=0.002; p=1), and pre-
operative BMI (R=0.06, p=0.5). Figure 1 presents
graphical representations of the correlation analyses be-
tween the percentage variation of GFR and the variables
studied. After an adjustment for age, gender, and pre-
operative BMI, pre-operative GFR was detected as inde-
pendently correlated with the variation of GFR (R=-0.
678; p<0.001), as well as age (R=—0.211; p=0.02).

Subgroup Analysis
Baseline Classification and Post-Operative Evolution

Before surgery, hypofiltration was present in 37.6% of
patients, whereas 47.7% presented normofiltration and
14.7% hyperfiltration. Patients with pre-operative
hypofiltration had an average increase in GFR of 20.5 +
17.3%, whereas among those with hyperfiltration there
was an average reduction of 5.9+26% after surgery.
Among patients with pre-operative normofiltration, there
was an average increase of 6.6 £ 8.4% after surgery. The
GFR variation was significantly higher among the sub-
jects with hypofiltration than the other two groups
(p<0.001). The GFR increased significantly in the pre-
operative hypofiltration (75.8 +11.6 versus 90.6 +£15.3;
»<0.001) and normofiltration groups (102.4+8 versus
108.9+8.3; p=0.004); in the pre-operative
hyperfiltration group, there was a significant reduction
in GFR (123.3+2 versus 118.2+9.8; p<0.001).
Figure 2 shows the comparisons between pre- and post-
operative GRF in the three subgroups.
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Fig. 1 Correlations between the studied variables and the overall percent variation of estimated glomerular filtration rate over time. GFR, glomerular
filtration rate; %EWL, percentage of excess weight loss; BMI, body mass index. Bold indicates statistical significance

Table 1 shows the complete comparison among the anthro-
pometric, clinical, and biochemical characteristics of each
group before and after surgery.

Correlation Analysis per Subgroup
Hypofiltration

There were significant negative correlations of the percentage
of variation of GFR with pre-operative GFR (R =—0.435;
p<0.001) and age (R=—10.328; p=0.036), i.c., the lower
the pre-operative age and GFR, the greater the GFR variation,
as well as a significant positive correlation with baseline cre-
atinine (R =0.326, p=0.0374), i.e., the higher the pre-

Hypofiltration

140 130

Normofiltration

operative creatinine level, the higher the GFR variation.
After an adjustment for age, gender, and pre-operative BMI,
pre-operative GFR was independently associated with the
GFR variation (R =—0.369; p=0.018).

Normofiltration

There were significant negative correlations between the GFR
variation and the pre-operative GFR (R =—0.529; p <0.001)
and age (R=—10.355; p=0.004), the lower the pre-operative
GFR and age, the greater the GFR variation, and a significant
positive correlation with the baseline creatinine (R = 0.489;
p<0.001), i.e., the higher the pre-operative creatinine level,
the greater the GFR variation. After an adjustment for age,

Hyperfiltration
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Fig. 2 Comparisons between pre- and post-operative estimated glomerular filtration rates, according to subgroup
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Table 1 Anthropometric, clinical, and biochemical characteristics of each group at baseline and 1 year after surgery
Hypofiltration Normofiltration Hyperfiltration Value ofp Values of p after post-test analysis (significant differences only)

N (%) 41 (37.6%) 52 (47.7%) 16 (14.7%) NA NA

Age 444+11.5 384+84 26.5+3.7 <0.001 Hypofiltration > normofiltration (p < 0.05)
Hypofiltration > hyperfiltration (p < 0.01)
Normofiltration > hyperfiltration (p < 0.01)

Gender M, 24.4% M, 15.4% M, 43.7% 0.06 NA

F, 75.6% F, 84.6% F, 56.3%

Preop. BMI 36.6+2.7 36.8+3.5 35.7+3 0.5 NA

%EWL 77.4+223% 79.9+29 82.4+275 0.8 NA

%TWL 22.8+7.2 243+9.2 25.4+9.7 0.8 NA

Preop. HOMA 32423 2+14 29435 0.02 Hypofiltration > normofiltration (p < 0.05)

T2DM 41.5% 17.3% 25% 0.03 Hypofiltration > normofiltration (p < 0.05)

Hypertension 63.4% 50% 31.3% 0.08 NA

Preop. glucose 96.7+26.7 89.4+£13.6 90.2+27.4 0.2 NA

Preop. serum creatinine 1+0.2 0.8+0.1 0.7+0.1 <0.001 Hypofiltration > normofiltration (p <0.01)
Hypofiltration > hyperfiltration (»p <0.01)

Preop. urea 382+11.7 29+8.3 23.6+7 <0.001 Hypofiltration < normofiltration (p < 0.01)
Hypofiltration < hyperfiltration (p <0.01)
Normofiltration < hyperfiltration (p < 0.01)

Preop. GFR 75.8+11.6 102.4+8 123.3+2 <0.001 Hypofiltration < normofiltration (p < 0.01)
Hypofiltration < hyperfiltration (p < 0.01)
Normofiltration < hyperfiltration (p < 0.01)

Postop. GFR 90.6+15.3 108.9+8.3 118.3+9.8 <0.001 Hypofiltration < normofiltration (p < 0.01)
Hypofiltration < hyperfiltration (»p <0.01)
Normofiltration < hyperfiltration (p <0.01)

GFR variation 205+173% 6.6+8.4% —59+26%  <0.001 Hypofiltration > normofiltration (» <0.01)

Hypofiltration > hyperfiltration (p < 0.01)
Normofiltration > hyperfiltration (p < 0.01)

NA, not applicable; N, number of individuals; Preop., pre-operative; BMI, body mass index; %EWL, percentage of excess weight loss; %7TWL,
percentage of total weight loss; HOMA, homeostasis model assessment; 72DM, type 2 diabetes; GFR, glomerular filtration rate

gender, and pre-operative BMI, pre-operative GFR was inde-
pendently associated with the GFR variation (R =—10.59;
p<0.001), as well as age (R=—0.355; p=0.003).

Hyperfiltration

There were no significant correlations between any of the
studied variables.

Discussion

The current study demonstrated that pre-operative markers of
renal function were the main predictors of a greater alteration
in renal function after surgery, i.e., the worse the pre-operative
renal function in individuals with hypofiltration (without ter-
minal disease or under dialysis), the better the outcomes after
surgery. Magalhaes et al. [14] observed similar findings,
confirming that the improvement was more significant among
individuals with worse pre-operative renal function; Ngoh
et al. [15] observed a reversal of both hypofiltration and
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glomerular hyperfiltration after bariatric surgery. However,
unlike the current study, they showed a significant correlation
between weight loss and improvement of renal function.
Favre et al. [16] demonstrated that a pre-operative inflamma-
tory state correlated significantly with the improvement of
hyperfiltration. Hou et al. [17], analyzing 233 obese patients
before and 1 year after bariatric surgery, observed results com-
parable with those of the present study. In addition, von
Scholten et al. [18] observed that body weight reduction is
associated with a reduction in GFR, but puts into question
the role of creatinine in calculating the values, suggesting that
creatinine changes may be associated with the loss of lean
mass in the post-operative period, thus overestimating the cal-
culations of GFR.

In a meta-analysis of 23 studies evaluating the effects of
bariatric surgery on renal function parameters, Bilha et al. [19]
observed that the creatinine values did not change in some
studies; however, the GFR decreased in patients with
hyperfiltration and increased in patients who had low values
of GFR pre-operatively. The latter finding was corroborated
by our findings; the lower the pre-operative GFR values, the
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greater the variation found after the procedure. Another sys-
tematic review and meta-analysis of Li et al. [20] evaluated 30
studies and observed a statistically significant reduction in the
frequency of hyperfiltration, albuminuria, and proteinuria af-
ter bariatric surgery.

In the present study, the volume of weight loss was not
significantly associated with improvement in renal function.
This finding was also identified by the meta-analysis of Bilha
et al. [19], which concluded that the increase in GFR was a
consequence of changes in several parameters such as glyce-
mia, urea, and creatinine.

The key findings of the present study were the improve-
ment of renal function both in individuals with hypofiltration
and in those with hyperfiltration, as well as the identification
of a younger age, and a more deteriorated baseline renal func-
tion as predictors of better results in individuals with
hypofiltration and normofiltration. These results demonstrate
that, in individuals such as those in the study population, that
is, without end-stage renal failure, a precocious surgical indi-
cation leads to great benefits even in scenarios of significant
deterioration of renal function.

The present study presents limitations that must be taken
into consideration. A point to be considered is the fact that the
decrease in serum creatinine levels may be associated to some
extent with the surgically induced weight loss-related
sarcopenia, making its use somewhat misleading. The GFR
estimation model was appropriate for this population study
model, but it does not present the same accuracy of direct
measurements through total urine collection in 24 h and cal-
culation of clearance, despite their expensiveness and difficult
execution; moreover, the changes in body composition after
surgery may also have biased our findings to some degree
[18]. Moreover, the ethnically admixtured nature of our pop-
ulation and the usage of a self-declared ethnic classification, as
the Brazilian law requires, for the calculation of GFR is also
problematic. Nonetheless, the findings presented in the current
study were consistent, corroborating and expanding several
previous observations of other authors.

Conclusion

RYGB was associated with a significant improvement in renal
function; the overall improvement was more pronounced
among those with a worse baseline renal function. In individ-
uals with pre-operative hypofiltration or normofiltration, a
younger age was associated with a more pronounced post-
operative renal function improvement.
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