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Abstract
Purpose Obesity and diabetes mellitus are now leading causes of chronic kidney disease. Our study investigated the effects of
bariatric surgery on estimated glomerular filtration (eGFR) and urinary microalbumin/creatinine ratio (ACR) in morbidly obese
patients.
Materials and Methods The clinical materials for patients who underwent bariatric surgery were retrospectively analyzed with a
6-month follow-up period between January 1, 2018, and June 1, 2020. The eGFR (ml/min) was calculated using the Cockcroft-
Gault formula equation. The urinary ACR was measured during the follow-up. Body mass index (BMI, kg/m2), percent weight
loss (%WL), systolic blood pressure (SBP), and diastolic blood pressure (DBP) were recorded during the follow-up.
Results Sixty-one patients who underwent bariatric surgery—laparoscopic Roux-en-Y gastric bypass (LRYGB; n = 22) and
laparoscopic sleeve gastrectomy (LSG; n = 39)—were included in this study. The eGFR of both groups decreased at the follow-
up outpatient visits (p < 0.001), although eGFR did not differ between the two groups. Unexpectedly, the ACR increased in the
first month after LSG (p < 0.01) but decreased with a descending trend with no significant difference (p > 0.05) throughout the
remaining follow-up period. Interestingly, ACR showed a descending trend with no significant difference during the follow-up in
the LRYGB group (p > 0.05). The SBP and DBP decreased after bariatric surgery, with no significant difference between the two
groups (p > 0.05).
Conclusion Bariatric surgery is associated with improvements in postoperative renal function 6 months following surgery. The
different alterations in ACR following LSG and LRYGB procedures demonstrate the underlying mechanism.
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Introduction

Worldwide, the prevalence of chronic kidney disease (CKD)
in the general population is increasing, which is one to two
orders of magnitude higher than the prevalence of end-stage
renal disease (ESRD) [1, 2]. Separate from it being a precursor
to ESRD, CKD epidemiology has been incorporated into pro-
grams of nationwide health-promotion and disease-prevention
goals [3]. The prevalence of obesity (body mass index [BMI]
30 kg/m2) in the general population has risen dramatically
over the past few decades [4]. Obesity is associated with glo-
merular hypertension, glomerulomegaly, and microvascular
stretching, eventually leading to podocyte loss and the appear-
ance of focal segmental glomerular sclerosis (FSGS) lesions
[5]. The obesity epidemic has led to an increased incidence of
obesity-related glomerulopathy (ORG), a distinct entity
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featuring proteinuria, glomerulomegaly, progressive
glomerulosclerosis, and renal functional decline. Potential
mechanisms explaining the increased risk for chronic kidney
disease (CKD) and ESRD include obesity-mediated hyperten-
sion, insulin resistance, glomerular hyperfiltration, activation
of the renin-angiotensin-aldosterone system, inflammation,
and adipocytokine dysregulation [6, 7]. The risk associated
with obesity may be reversible by weight loss.

Bariatric surgery has been found to be superior to lifestyle
modifications for treating patients with morbid obesity [8].
Several studies have reported the effects of bariatric surgery
on kidney function in obese patients with or without diabetes
[9–13]. Nevertheless, the results were inconsistent. Thus,
more evidence for the potential benefits and risks of bariatric
surgery in regard to kidney function is needed in different
ethnic groups.

Laparoscopic Roux-en-Y gastric bypass (LRYGB) and
laparoscopic sleeve gastrectomy (LSG) procedures are both
effective in terms of weight loss and improvement or remis-
sion of hyperglycemia or hypertension; however, LRYGB is
associated with a greater amount of weight loss than LSG
[14]. Regarding renal function, LRYGB and LSG may also
act in different ways.

We anticipated that the effect on renal function would be
different for each procedure. Our study investigated the effects
of bariatric surgery on estimated glomerular filtration (eGFR)
and microalbumin/creatinine ratio (ACR) in obese patients
with or without ORG.

Methods

Study Design and Settings

This was a retrospective study of 61 patients who underwent
bariatric surgery at Dalian Municipal Central Hospital
Affiliated of Dalian Medical University between January 1,
2018, and June 1, 2020. The exclusion criteria were incom-
plete medical records, BMI < 27.5 kg/m2, and loss to follow-
up. All of the patients provided informed consent for the
study, which was approved by the local ethics committee.

Demographic and clinical anthropometric data were re-
corded. Renal function was evaluated by the urinary
microalbumin/creatinine ratio and eGFR, which was calculat-
ed using the Cockcroft-Gault formula. All the variables were
obtained four times: the day before surgery (preoperative), the
1st-month postoperation, the 3rd-month postoperation, and
the 6th-month postoperation. To account for variation in
follow-up at each point, 15 days prior and 15 days following
the expected time of visit were considered at each time point.
If a patient presented more than once during the same interval,
only the outcome data from the visit nearest to the target date
were included in analysis.

Operative Techniques

For all patients, standardized operation techniques were used,
and the procedures were performed by the surgeons at the
same center. In the LSG procedure, a longitudinal resection
from the angle of His to approximately 4–6 cm proximal to the
pylorus was performed using a 38-French bougie inserted
along the lesser curve. Each procedure was designed to
achieve 60 to 80% loss of stomach volume and restrict the
pouch to an 80- to 120-ml postresection volume with multiple
consecutive applications of an endo-GIA stapler. A methylene
blue leak test was performed to confirm the integrity of the
staple line. LRYGB was performed with a 90~100-cm-long
biliopancreatic limb and a 100~110-cm antecolic Roux limb
using endo-GIA stapled gastrojejunostomy, in which the vol-
ume of the small gastric pouch was limited to 30–50 ml.
Peterson andmesenteric defects were sutured with nonabsorb-
able sutures.

Statistical Analysis

Descriptive statistics were used to compare patient character-
istics and compliance. The continuous variables are shown as
the mean and standard deviation; the categorical variables are
shown as the number and percentage. Paired Student’s t tests
were used to compare the pre- and postoperative data.
Wilcoxon tests were used for nonnormal distributions. Two-
way ANOVA was used to compare data with LSG and
LRYGB data. Statistical analysis was performed using SPSS
version 23.0 (IBM Corporation, New Orchard Road Armonk,
NY 10504, produced in the USA). The graphics were gener-
ated using GraphPad Prism 5 (GraphPad Software, Inc., La
Jolla, CA, USA). A p value < 0.05 was considered statistically
significant.

Results

The study cohort consisted of 61 patients (21 men, 40 women)
with a mean age of 33.59 ± 9.88 years. Table 1 provides an
overview of the included patient characteristics. The LRYGB
procedure was performed in 22 patients (37%), and 63% of
patients (63%) underwent LSG. Themean age of patients who
underwent LRYGBwas 38.18, and that of the LSG group was
31 (p < 0.01). Patients with diabetes were more likely to re-
ceive the LRYGB procedure than the LSG procedure (91% vs
21%, p < 0.001).

Postoperatively, all patients had notably reduced HbA1c
measurements, reaching the desirable target values and a no-
tably reduced need for insulin treatment. Eighteen (86%) pa-
tients stopped insulin treatments or oral hypoglycemic drug
therapy, and 3 (14%) patients reduced the need for insulin
treatments in the LRYGB group. Six (86%) patients stopped
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insulin treatments or oral hypoglycemic therapy, and 1 patient
(14%) halved the amount of insulin following LSG proce-
dures. There was no significant difference between the two
procedures (p > 0.05). This result suggests that more studies
are required to demonstrate the effectiveness of different sur-
gical approaches in treating obesity-related diabetes. Only one
patient stopped antihypertensive medication with normal
blood pressure following LRYGB.

The eGFR of the two groups decreased at the time of follow-
up (p < 0.001; Fig. 1, a1–a3, b1–b3). Only one patient who
underwent LSG suffered a low glomerular filtration rate (< 90
ml/min) at the 3rd month after the operation and gradually
recovered during the follow-up period. Interestingly, the ACR
increased in the first month after LSG surgery and decreased
during the follow-up period with no significant difference (Fig.
1, c1–c3). However, there was no significant difference during
the follow-up in the LRYGB group, with a descending trend in
ACR (Fig. 1, d1–d3). Two of the patients with positive ACR (>
30 mg/g) obtained negative ACR after bariatric surgery, and 5
patients obtained decreased ACR following the procedures. No
patient suffered oxalate nephropathy following bariatric sur-
gery during the follow-up period. Only two patients who
underwent LSG reported less than 1000 ml of urine at the
1st-month postoperative outpatient visit, among whom one pa-
tient still reported less than 1000 ml of urine at the 3rd-month
postoperative outpatient visit.

Changes in percent weight loss and eGFR were plotted
over time from surgery for both types of operations (Fig. 2).
However, there was no difference in the improvement in post-
operative eGFR and %WL, which was different from a previ-
ous report [11].

The mean systolic blood pressure (SBP) decreased from
140.86 ± 15.79 to 126.00 ± 12.22 mmHg in the LSG group
(p < 0.05) and 134.50 ± 12.37 to 110.40 ± 11.20 mmHg in the
LRYGB group (p < 0.05) between preoperation and 6 months
postoperation. The mean diastolic blood pressure (DBP) de-
creased from 89.55 ± 11.52 to 80.92 ± 8.23 mmHg (p > 0.05)

and from 81.64 ± 9.92 to 70.60±5.78 mmHg (p < 0.05) in the
LRYGB group preoperatively and 6 months postoperatively.
However, there was no significant difference between the
LSG and LRYGB groups during the follow-up (Fig. 3).

One patient who underwent LSG suffered cerebral hemor-
rhage 1 year after the procedure as a result of intracerebral
aneurysm. One patient who underwent LSG suffered cerebral
infarction 5 months after the operation. One patient who
underwent LRYGB suffered intestinal obstruction as a result
of mesangial hemorrhage near enterointestinal anastomosis,
which was relieved by conservative treatment. Two patients
who suffered refractory hypoferric anemia following LRYGB
procedures received oral iron therapy during the follow-up.

Discussion

Obesity has been regarded as an independent risk factor for
chronic kidney disease [15, 16], which was associated with a
6-fold increased risk of developing end-stage kidney disease
(ESKD) and a 19-fold risk of ESKD related to diabetic kidney
disease (DKD) [17]. In asymptomatic patients with obesity
undergoing bariatric surgery, pathologic changes, including
glomerulomegaly, glomerulosclerosis, podocyte hypertrophy,
and foot process effacement, are commonly present [18, 19].
Weight loss after bariatric surgery has been reported to de-
crease glomerular hyperfiltration and stop the cascade of
events caused by hyperfiltration [20, 21]. However, it is un-
clear how metabolic bariatric surgery affects the dramatic at-
tenuation of kidney disease in those with obesity and/or type 2
diabetes mellitus (T2DM).

Hyperfiltration is thought to represent a precursor to single-
nephron increases in glomerular pressure, which eventually
leads to podocyte injury, proteinuria, and glomerulosclerosis
[22]. Currently, there is no validated method of measuring
GFR in patients with rapid weight loss, as lean muscle mass
and creatinine also decrease during this period regardless of

Table 1 Patient demographics preoperation

Total (N = 61) LRYGB (N = 22) LSG (N = 39) p value

Sex (male) 21 (34.43%) 9 (40.91%) 12 (30.77%) 0.42

Age (years, mean ± SD)* 33.59 ± 9.88 38.18 ± 9.75 31.00 ± 9.23 0.01

Weight (kg, median, IQR) 108.00 (99–131.35) 106.50 (90.25–125.75) 109.00 (100–134.70) 0.56

BMI (kg/m2, median, IQR) 37.28 (32.77–43.92) 37.51 (34.84–44.07) 34.29 (31.14–43.88) 0.12

Serum creatinine (mmol/L, mean ± SD) 54.26 ± 12.81 52 ± 14.24 55.54 ± 12.12 0.24

eGFR (ml/min, mean ± SD) 257.93 ± 61.00 259.45 ± 94.77 257.07 ± 83.28 0.92

ACR (> 30 mg/g) 7 (11.48%) 4 (18.18%) 3 (7.69%) 0.24

Hypertension 9 (14.75%) 4 (18.18%) 5 (12.82%) 0.57

Diabetes* 28 (45.90%) 21 (95.45%) 7 (17.95%) 0.00

SD, standard deviation; IQR, interquartile range; ACR, microalbumin/creatinine ratio

*p < 0.05
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overall renal function [11]. A previous study [23] suggested
that CCG is superior to the Modification of Diet in Renal
Disease equation (MDRD) when both are compared to 24-h
urinary creatinine clearance in estimating GFR in an obese
population. In our study, we used the CCG-GFR formula to
calculate the estimated GFR pre- and postoperatively, which
was convenient at the outpatient visit during the follow-up.

The eGFR decreased distinctly following bariatric surgery
(Fig. 1, a1–a3, b1–b3), which was consistent with previous
reports [11, 24]. Previous data indicate that patients who
underwent LRYGB procedures exhibited improved eGFR
compared with LSG [25, 26]. However, there was no differ-
ence between the LRYGB and LSG groups (Fig. 2a) in our
study.

Fig. 1 The effects of bariatric surgery on estimated glomerular filtration (eGFR) and urinary microalbumin/creatinine ratio (ACR) in morbidly obese
patients
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Hypertension and hyperfiltration may contribute to
glomerulomegaly and podocyte stress, eventually leading to
glomerulosclerosis [27]. However, a meta-analysis demonstrat-
ed that there was no significant correlation between changes in
systolic blood pressure and uACR [28]. In our study, decreased
SBP and DBP were demonstrated at the time series plot of
outpatient visits between the two groups (Fig. 3), and there
was no significant difference between the LSG and LRYGB
groups during the follow-up. According to the trend of blood
pressure and uACR, our results seem to be consistent with the
results of the meta-analysis. More studies on the relationship
between blood pressure and uACR are required.

ACR is recommended by The National Kidney Foundation
Disease Outcomes Quality Initiative (NKFK/DOQI) to assess
proteinuria status instead of 24-h urinary microalbuminuria
(UmAlb), which is used comprehensively in the current stag-
ing criteria for albuminuria and chronic kidney disease and is
convenient for outpatient follow-up [29]. Statistically signifi-
cant reduction in uACR after surgery was demonstrated in
previous reports [30]. The reduction in proteinuria and albu-
minuria could be caused by reduced glomerular filtration,
which is commonly seen after bariatric surgery [31]. Still,
report demonstrated that new-onset albuminuria and
microalbuminuria occurred in 9.8% (95% CI 4.7 to 16.5%)
and 9.7% (95%CI 0.6 to 25.4%) of patients [30]. Notably, the
ACR in our studies increased at the first-month postoperative

visit following the LSG procedure (Fig. 1, c1, p < 0.01) and
decreased at the following visits (Fig. 1, c3, p > 0.05).
However, the ACR decreased after LRYGB procedures, al-
though the difference was not statistically significant (Fig. 1,
d1–d3). The trend of ACR was not completely parallel to the
eGFR in our study, which was inconsistent with previous
report [32].

There seems to be no reasonable explanation for this unex-
pected phenomenon. The incidence of early postoperative
acute kidney injury (AKI) after bariatric surgery is approxi-
mately 1%, and the most common causes are dehydration and
infectious complications [33]. There was no previous evi-
dence demonstrating that LSG causes increased AKI com-
pared with LRYGB.

Differential changes in lipid profiles may offer a plausible
explanation. Patients who underwent hybrid malabsorptive/
restrictive bariatric procedures (RYGB and biliopancreatic di-
version, BPD) experienced an overall marked reduction in
serum sphingolipids, including many ceramides and
sphingomyelin species, compared to those undergoing restric-
tive bariatric procedures (LSG and adjustable gastric banding,
AGB) [22, 34]. Changes in gut microbiota and gut barrier
function may also affect the progression of chronic kidney
disease by generating endotoxins or bacterial metabolites that
cause systemic inflammation [35]. Alternatively, there may be
some underlying mechanism in the fundus-kidney axis for

Fig. 2 a eGFR following
Bariatric surgery. b Percent
weight loss following Bariatric
surgery

Fig. 3 a SBP following Bariatric
surgery. b DBP following
Bariatric surgery
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xanthoderm race, for which more clinical and laboratory data
are required.

Previous studies report that the presence of preoperative
kidney impairment and diabetes are associated with a greater
risk of AKI after bariatric surgery [36]. Postoperative kidney
stone formation is also a concern, particularly with procedures
(Roux-en-Y gastric bypass and biliopancreatic diversion with
duodenal switch) that affect oxalate and citrate excretion
[37–39]. A more severe manifestation of this process is oxa-
late nephropathy, which has even been associated with rapid
progression to ESRD [40]. In our study, two of the patients
with positive ACR (> 30 mg/g) obtained negative ACR after
bariatric surgery, and 5 patients obtained decreased ACR fol-
lowing the procedures. Only two patients who underwent
LSG reported less than 1000 ml of urine at the 1st-month
postoperative outpatient visit, among whom one patient still
reported less than 1000 ml of urine at the 3rd-month postop-
erative outpatient visit. No patient suffered oxalate nephropa-
thy following bariatric surgery during the follow-up period in
our study.

The increase in ACR in patients who underwent LSG pro-
cedures was demonstrated in our study, and protective effects
on renal function (eGFR, ACR, SBP, and DBP) were recog-
nized during the short-term follow-up.

Our study is limited by the retrospective observational de-
sign and the short follow-up time, which was based on a small
sample size in a single center. Currently, there is no gold
standard method for measuring GFR in morbidly obese pa-
tients with rapid weight loss, as lean muscle mass and creati-
nine also decrease during this period regardless of overall
renal function. Thus, our ability to draw conclusions on the
precise improvement in AKI or renal function is limited.More
clinical data, kidney biopsy results, and animal and cellular
biological experiments are required.

Conclusion

Bariatric surgery is associated with improvements in postop-
erative renal function during the 6 months following surgery,
especially in patients with underlying kidney disease. The
different alterations in ACR following LSG and LRYGB pro-
cedures suggest an underlying mechanism driving the im-
provement in renal function by bariatric surgery rather than
weight loss alone.

Abbreviations LSG, Laparoscopic sleeve gastrectomy; LRYGB,
Laparoscopic Roux-en-Y gastric bypass; eGFR, Estimated glomerular
filtration rate;%WL, Percent weight loss; ACR,Microalbumin/creatinine
ratio; CCG, Cockcroft-Gault formula; BMI, Body mass index; ORG,
Obesity-related glomerulopathy; ESRD, End-stage renal disease; FSGS,
Focal segmental glomerular sclerosis; MDRD, Modification of Diet in
Renal Disease equation; BPD, Biliopancreatic diversion; AGB,

Adjustable gastric banding; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; NKFK/DOQI, The National Kidney
Foundation Disease Outcomes Quality Initiative; AKI, Acute kidney in-
jury; UmAlb, Urinary microalbuminuria; ESKD, End-stage kidney dis-
ease; DKD, Diabetic kidney disease; T2DM, Type 2 diabetes mellitus
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