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Abstract
Introduction Severe obesity can lead to progressive kidney injury and chronic kidney disease (CKD). The current study aimed at
determining whether preoperative kidney function level in patients with estimated glomerular filtration rate (eGFR) ≥30 mL/min
affects weight loss after bariatric surgery.
Methods A total of 1958 bariatric patients underwent laparoscopic sleeve gastrectomy and gastric bypass from March 2013 to
March 2017. The patients were categorized according to preoperative eGFR (30–59, 60–89, 90–124, and ≥ 125 mL/min).
Changes in body mass index (BMI), percentage of total weight loss (TWL%), and percentage of excess weight loss (EWL%)
were compared across the eGFR categories. Moreover, multivariable logistic regression analysis was used to evaluate the
relationship between eGFR and insufficient weight loss (defined as not achieving 50% EWL at 12 months after surgery).
Results Preoperative eGFR was positively associated with unadjusted ΔBMI (P trend < 0.001), TWL% (P trend < 0.001), and
EWL% (P trend = 0.007) after 12 months of surgery. However, these associations were no longer significant after multivariable
adjustment. Further, univariate analysis demonstrated a positive relationship between preoperative eGFR and insufficient weight
loss (odds ratio [OR] 1.38; 95% confidence interval [CI] 1.11–1.71; P = 0.004). By contrast, preoperative eGFR was not a
predictor of insufficient weight loss in multivariable logistic regression analysis (OR 0.98; 95% CI 0.46–1.24; P = 0.886).
Conclusion Although patients with lower preoperative eGFR experience less weight loss after bariatric surgery, preoperative
kidney function does not appear to have an independent impact on postoperative weight loss in patients with eGFR ≥ 30mL/min.
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Introduction

Severe obesity (body mass index [BMI] ≥ 35 kg/m2) is an
enormous global health challenge, with an exponentially
increased global prevalence over the past several decades
[1]. Obesity is recognized as a complex disease state due to
its association with several chronic conditions including
dysl ipidemia, hyper tens ion, low-grade systemic

inflammation, insulin resistance and diabetes, and cardio-
vascular damage [2]. It is also regarded as a central risk
factor for the onset and progression of chronic kidney dis-
ease (CKD) [3, 4].

Bariatric surgery is established as the only intervention to
provide a sustained treatment of severe obesity and its related
comorbidities [5]. The number of patients undergoing bariat-
ric surgery has increased globally, parallel to the increasing
demand and accessibility, as well as advances in laparoscopic
surgery. Laparoscopic gastric bypass (LGB) and laparoscopic
sleeve gastrectomy (LSG) are the two most effective and thus
most preferred bariatric procedures [6], leading to, respective-
ly, 63–72% and 51–70% excess weight loss (EWL) after
1 year [7]. Despite these promising results, up to 15% of
patients do not experience sufficient weight loss after the sur-
gery. To date, a multitude of demographic and surgical factors
such as patient’s age, gender, preoperative BMI, obesity-
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related comorbidities, type of surgical procedure, postopera-
tive exercise, and dietary restraint have been suggested to be
independently related to insufficient weight loss post-bariatric
surgery [8–11].

Severe obesity can lead to progressive kidney injury and
CKD. Not only comorbidities of obesity but obesity per se
also results in a spectrum of renal injuries and the develop-
ment of CKD through regulation of a deleterious inflammato-
ry profile, regulation of oxidative stress, and alterations in
kidney hemodynamics [4, 12]. Due to the progressive nature
of CKD and irreversibility of kidney function in more severe
stages of the disease [13], estimating the timing of bariatric
surgery in patients with CKD raised the attention of re-
searchers in recent years. The stage of CKD before bariatric
surgery have been previously shown to be independently as-
sociated with increasing risk for 30-day incidence of postop-
erative surgical site complications, various infectious diseases,
cardiovascular events, and clotting disorders [14, 15].
Moreover, a recent study indicated eGFR < 30 mL/min as an
independent factor for attenuated weight loss [16].
Nonetheless, there is no evidence on the efficacy of bariatric
surgery in patients with eGFR ≥ 30 mL/min.

The current study primarily investigated whether preoper-
ative kidney function in patients with eGFR ≥ 30 mL/min is
associated with attenuated weight loss at 6 and 12 months
after bariatric surgery. The study also examined whether pre-
operative eGFR is an independent predictive factor of insuffi-
cient weight loss 12 months after surgery.

Materials and Methods

Study Design and Participants

The current prospective study was conducted within the
framework of Tehran Obesity Treatment Study (TOTS), the
single-institution cohort of patients with excessive obesity,
which introduces patients who are candidates for bariatric sur-
gery to our referral bariatric center in three university hospitals
in Tehran, Iran. A detailed description of the TOTS is provid-
ed elsewhere [17]. The study population was initially
consisted of 4037 patients, aged 18 to 65 years receiving either
LGB (one-anastomosis gastric bypass and Roux-en-Y gastric
bypass) or LSG fromMarch 2013 to March 2017, due to BMI
of > 40 or > 35 kg/m2 in the presence of at least one obesity-
related comorbidity (diabetes mellitus, hypertension, and dys-
lipidemia). Then, the ones with preoperative eGFR < 30 mL/
min, those undergoing revision surgery, and patients with in-
sufficient follow-up information were excluded, leaving 1958
eligible subjects for the analysis.

All surgeries were performed by the same team of experi-
enced surgeons. Demographic characteristics including age,
gender, and medical and drug histories were recorded pre-

and post-operatively during scheduled follow-up visits ac-
cording to the study protocol [17].

Definitions

Type 2 diabetesmellitus (T2DM)was defined according to the
American Diabetes Association as glycated hemoglobin
(HbA1c) ≥ 6.5%, fasting plasma glucose ≥ 126 mg/dL, or
use of antidiabetic medication [18]. Hypertension was defined
as a systolic blood pressure of ≥ 140 mmHg, a diastolic blood
pressure of ≥ 90 mmHg, previous diagnosis of hypertension,
or use of antihypertensive medication [19]. Dyslipidemia was
defined as serum triglycerides (TG) ≥ 200 mg/dL, total cho-
lesterol (TC) ≥ 240 mg/dL, low-density lipoprotein (LDL) ≥
160 mg/dL, high-density lipoprotein < 40 mg/dL, or receiving
lipid-lowering therapy [20].

Body surface area (BSA; m2) was calculated for each indi-
vidual using the DuBois & DuBois formula as 0.007184 ×
height (cm)0.725 × weight (kg)0.425 [21]. Serum creatinine (cr)
levels were assayed using the Jaffe kinetic method.
Preoperative GFR was estimated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula
[22], multiplied by BSA/1.73 m2 and categorized as follows:
30–59, 60–89, 90–124, and ≥ 125 mL/min.

Weight reduction for each patient at 6 and 12 months after
surgery was expressed as change in BMI (ΔBMI), percentage
of total weight loss (TWL%), and percentage of excess weight
loss (EWL%) as follows:

& ΔBMI = postoperative BMI − preoperative BMI
& TWL% = (preoperat ive weight − postoperat ive

weight) preoperative weight × 100
& EWL% = (preoperat ive weight − postoperat ive

weight) (preoperative weight −weight corresponding to
BMI at 25 kg/m2) × 100

Insufficient weight loss was defined according to the
Reinhold criteria as not achieving 50% EWL at 12 months
after surgery [23].

Statistical Analysis

Continuous variables were expressed as mean ± standard de-
viation and categorical data as frequency and percentages.
Clinical characteristics of the study patients were compared
across the eGFR categories using one-way analysis of vari-
ance (ANOVA) for continuous variables and chi-square tests
for categorical variables. ANOVAwas also used for unadjust-
ed comparison of ΔBMI, TWL%, and EWL% across the
preoperative eGFR categories. Moreover, a one-way analysis
of covariance (ANCOVA) was used for comparisons across
the categories with adjustment for potential confounders in-
cluding age, gender, preoperative BMI, procedure type,
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T2DM, hypertension, and dyslipidemia. Multivariable logistic
regression analysis was used to test the relationship between a
change in the preoperative eGFR categories and insufficient
weight loss. The analyses were performed using SPSS version
22.0 (SPSS Inc., Chicago, IL, USA), and P value < 0.05 was
considered statistically significant.

Results

Baseline characteristics of the study patients are outlined in
Table 1. Of the total 1958 patients (80.0% female) included in
the study, 647 (33%) had eGFR ≥ 125, 883 (45.1%) had eGFR
90–124 mL/min, 406 (20.7%) had eGFR 60–89 mL/min, and
22 (1.1%) had eGFR 30–59 mL/min. The category of preop-
erative eGFR ≥ 125 mL/min comprised the youngest group of
patients, and mean age increased across the eGFR categories.
The prevalence of obesity-related comorbidities was higher in

patients with lower preoperative eGFR. There was no signif-
icant difference regarding the proportion of procedure types
between the preoperative eGFR categories.

Over 6 months after bariatric surgery, slower weight loss
was observed in patients with preoperative eGFR 30–59 and
60–89 mL/min, compared with those with preoperative eGFR
90–124 and ≥ 125 mL/min as well as in patients with preop-
erative eGFR 90–124 mL/min, compared with those with pre-
operative eGFR ≥ 125 mL/min. Over the second 6-month pe-
riod, patients with preoperative eGFR 30–59 mL/min did not
present significant weight loss, and the slope of weight loss
decreased with more reduced preoperative eGFR values
across all study groups (Fig. 1).

Weight loss measures during 6 and 12 months after bariat-
ric surgery were assessed and compared across the preopera-
tive eGFR categories. As demonstrated in Table 2, significant
trends of decreasingΔBMI and TWL% after 6 and 12months
and EWL% after 12 months were observed in an unadjusted

Table 1 Clinical characteristics of the study patients across preoperative eGFR categories

Total (n = 1958) eGFR (mL/min) P value

≥ 125 (n = 647) 90–124 (n = 883) 60–89 (n = 406) 30–59 (n = 22)

Females, n (%) 1566 (80.0) 365 (56.4) 790 (89.5) 392 (96.6) 19 (86.4) < 0.001

Age (years) 38.82 ± 11.03 32.46 ± 8.27 39.10 ± 9.94 47.41 ± 10.33 56.00 ± 7.02 < 0.001

Weight (kg) 121.10 ± 20.65 133.10 ± 22.70 117.55 ± 16.88 110.32 ± 15.21 109.76 ± 11.69 < 0.001

BMI (kg/m2) 45.07 ± 5.99 46.38 ± 6.22 44.69 ± 5.86 43.84 ± 5.52 44.19 ± 6.16 < 0.001

BSA (m2) 2.22 ± 0.23 2.36 ± 0.25 2.18 ± 0.18 2.08 ± 0.16 2.08 ± 0.16 < 0.001

Hypertension, n (%) 598 (32.2) 150 (24.8) 270 (32.1) 164 (42.1) 14 (66.7) < 0.001

T2DM, n (%) 540 (28.6) 126 (20.7) 240 (27.9) 161 (40.6) 13 (61.9) < 0.001

Dyslipidemia, n (%) 1032 (53.8) 318 (51.5) 457 (52.3) 241 (59.5) 16 (72.7) 0.015

Procedure type (LSG/LGB), % 63.5/36.5 66.6/33.4 61.3/38.7 64.0/36.0 54.5/45.5 0.144

Serum creatinine (mg/dL) 0.90 ± 0.17 0.81 ± 0.16 0.89 ± 0.12 1.03 ± 0.13 1.42 ± 0.35 < 0.001

eGFR (mL/min) 114.30 ± 30.20 148.45 ± 21.32 106.90 ± 9.77 79.29 ± 7.65 53.21 ± 5.25 < 0.001

Values are presented as frequency (percentages) or mean ± standard deviation

eGFR, estimated glomerular filtration rate; BSA, body surface area; T2DM, type 2 diabetes mellitus; LSG, laparoscopic sleeve gastrectomy; LGB,
laparoscopic gastric bypass

Fig. 1 Trends in weight loss
during 12 months after bariatric
surgery across different
preoperative eGFR groups
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analysis, corresponding to decreasing GFR. These trends,
however, turned out to be insignificant after multivariable
adjustment.

Insufficient weight loss was observed in 39 (6.0%) patients
with preoperative eGFR ≥ 125 mL/min; 62 (7.0%) patients
with preoperative eGFR 90–124 mL/min, 46 (11.3%) patients
with preoperative eGFR 60–89 mL/min, and two (9.1%) pa-
tients with preoperative eGFR 30–59 mL/min. In a univariate
analysis, older age, female gender, higher initial BMI, LSG,
T2DM, hypertension, and dyslipidemia were significantly as-
sociated with insufficient weight loss 12 months after bariatric
surgery. Moreover, increasing risk of insufficient weight loss
was observed per each change in the preoperative eGFR cat-
egories (OR 1.38; 95% CI 1.11–1.71; P = 0.004). In a multi-
variable logistic regression analysis, preoperative eGFR, per
each change in the categories, was not independently associ-
ated with insufficient weight loss. Independent predictors for
insufficient weight loss included older age, female gender,
higher initial BMI, LSG, and dyslipidemia (Table 3).

Discussion

To the best of our knowledge, it was the first prospective study
to date exploring the impact of preoperative eGFR on weight
loss following bariatric surgery. In the current study among
patients with eGFR ≥ 30 mL/min, despite an actual

association between preoperative eGFR and weight loss re-
sponse to bariatric surgery, decreased eGFR did not remain an
independent predictor of insufficient post-bariatric weight loss
after adjustment for potential confounders and other
predictors.

These findings are in agreement with a retrospective mul-
ticenter study in France on 101 patients categorized according
to their preoperative eGFR as < 30, 30–59, 60–89, and ≥
90 mL/min/1.73 m2 [16]. In spite of increasing trends of
EWL and TWL after 6 and 12 months of bariatric surgery
across, these significant trends were no longer observed in a
sub-analysis of patients with eGFR ≥ 30 mL/min/1.73 m2,
after adjustment for confounders including age, gender, initial
BMI, type of procedure (LSG/LGB), and T2DM [16], mean-
ing that in this population of patients, a lower preoperative
eGFR per se had no impact on weight loss after bariatric
surgery.

The etiology of insufficient weight loss after bariatric sur-
gery is multifactorial, and the previously suggested influenc-
ing factors are considerably overlapping. In the current study,
although weight loss after bariatric surgery was more attenu-
ated in patients with lower preoperative eGFR levels, other
factors including older age, female gender, dyslipidemia, and
higher initial BMI and LSG were the independent predictors
of insufficient weight loss. Thus, it can be pointed out that in
this cohort of patients with eGFR ≥ 30 mL/min, insufficient
weight loss could have potentially been driven by factors other

Table 2 Weight loss results 6 and 12 months after bariatric surgery across preoperative eGFR categories

eGFR (mL/min) P for ANOVA

≥ 125 90–125 60–90 30–60

Unadjusted 6 months post-op

ΔBMI (kg/m2) (SE) − 12.97 (0.11) − 11.87 (0.09) − 11.02 (0.13) − 10.52 (0.53) < 0.001

%TWL (SE) 27.81 (0.19) 26.47 (0.16) 24.95 (0.24) 24.70 (1.01) < 0.001

%EWL (SE) 62.52 (0.56) 62.65 (0.50) 60.71 (0.81) 63.43 (3.27) 0.162

12 months post-op

ΔBMI (kg/m2) (SE) − 15.79 (0.17) − 14.61 (0.14) − 13.21 (0.19) − 13.48 (0.81) < 0.001

%TWL (SE) 33.84 (0.28) 32.49 (0.24) 30.04 (0.35) 30.27 (1.40) < 0.001

%EWL (SE) 76.25 (0.71) 76.80 (0.64) 73.01 (0.99) 73.46 (3.78) 0.007

Adjusted* P for ANCOVA

6 months post-op

ΔBMI (kg/m2) (SE) − 12.28 (0.10) − 12.34 (0.10) − 12.30 (0.14) − 12.68 (0.52) 0.861

%TWL (SE) 26.99 (0.23) 27.13 (0.21) 26.91 (0.30) 27.77 (1.15) 0.780

%EWL (SE) 62.79 (0.57) 63.24 (0.53) 63.19 (0.77) 65.73 (2.88) 0.237

12 months post-op

ΔBMI (kg/m2) (SE) − 14.74 (0.15) − 15.06 (0.14) − 14.81 (0.20) − 15.64 (0.70) 0.191

%TWL (SE) 32.32 (0.32) 33.02 (0.31) 32.43 (0.44) 34.26 (1.52) 0.170

%EWL (SE) 74.93 (0.77) 76.38 (0.73) 75.30 (1.05) 80.06 (3.60) 0.762

SE, standard error; BMI, body mass index; TWL, total weight loss; EWL, excess weight loss; eGFR, estimated glomerular filtration rate

*Adjusted for age, sex, type 2 diabetes mellitus, hypertension, dyslipidemia, procedure type, and initial BMI
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than a decreased preoperative eGFR. Likewise, in line with
most previous studies, the current study indicated aging and
coexistence of dyslipidemia as risk factors for less weight loss
after bariatric surgery [24, 25]. This reflects that weight loss in
more decreased preoperative eGFR categories could be, at
least in part, induced by older age and higher proportion of
dyslipidemia in such patients. In contrast with the literature,
however, we observed no independent association between
T2DM and weight loss in the current cohort [11, 25]. Meta-
analyses also support more enhanced weight loss after
performing LGB compared with LSG [26, 27]. In this regard,
although in our study, LGB was independently associated
with insufficient weight loss after 1 year of surgery, our study
groups were comparable for the proportion of procedure
types. Taken together, it seems that the impact of preoperative
eGFR on weight loss response to bariatric surgery is indepen-
dent of the type of procedure. Finally, our findings regarding
the impact of gender on post-bariatric weight loss were in
contrast with those of previous studies reporting either gender
as ineffective or male gender as a predictor of lower post-
bariatric weight loss [9, 11, 28].

There is also limited evidence on efficacy of bariatric sur-
gery in terms of resolution of comorbidities as well as inci-
dence of postoperative complications in patients according to
their preoperative kidney function level. A 12-month follow-
up of 233 patients with eGFR ≥ 30 mL/min in China showed

significantly lower reduction of TG, TC, LDL, systolic blood
pressure, and HbA1c as well as lower remission of T2DM
after bariatric surgery in patients with preoperative eGFR
30–59 mL/min compared with those with higher preoperative
eGFR values. In the mentioned study, Hou et al. however
reported similar TWL% andΔBMI after 12 months of bariat-
ric surgery across preoperative eGFR categories [29].
Moreover, in a retrospective study using the US national met-
abolic and bariatric surgery database, patients with serum Cr
> 2 mg/dL but not requiring hemodialysis were at higher risk
for 30-day complications of bariatric surgery [15]. Likewise,
in the study by Turgeon et al., 30-day complications of bariat-
ric surgery were independently associated with decreasing
preoperative eGFR across the categories of ≥ 90, 60–89, 30–
59, and < 30 mL/min/1.73 m2 [14].

The current study was the first prospective study that com-
pared the efficacy of bariatric surgery across different preop-
erative eGFR categories and evaluated the independent asso-
ciation between preoperative eGFR and insufficient weight
loss following bariatric surgery within the framework of a
well-defined continuous cohort. However, the current study
had important limitations to consider. We did not have data
on proteinuria, and thus, analyses could not be performed
according to the CKD stages defined by the Kidney Disease
Improving Global Outcomes (KDIGO) guidelines [30].
Moreover, absolute GFR was estimated using the CKD-EPI

Table 3 Association of patients characteristics with insufficient weight loss (1-year excess weight loss < 50%)

Univariate analysis Multivariable logistic regression analysis

Variables Insufficient weight loss (%) OR (95% CI) P value OR (95% CI) P value

Age 1.04 (1.03–1.06) < 0.001 1.03 (1.01–1.05) 0.005

Sex

Male 3.8 Reference

Female 8.6 2.35 (1.36–4.06) 0.002 2.24 (1.28–4.46) 0.010

T2DM

No 6.5 Reference

Yes 10.9 1.76 (1.24–2.48) 0.001 1.26 (0.83–1.89) 0.274

Hypertension

No 6.1 Reference

Yes 10.4 1.77 (1.25–2.52) 0.001 1.02 (0.68–1.57) 0.922

Dyslipidemia

No 6.3 Reference

Yes 8.9 1.45 (1.03–2.05) 0.035 1.49 (1.01–2.22) 0.046

Procedure type

LGB 5.6 Reference

LSG 8.8 1.62 (1.11–2.35) 0.012 2.31 (1.52–3.51) < 0.001

Initial BMI 1.10 (1.07–1.13) < 0.001 1.10 (1.07–1.13) < 0.001

Preoperative eGFR 1.38 (1.11–1.71) 0.004 0.98 (0.46–1.24) 0.886

T2DM, type 2 diabetes mellitus; LGB, laparoscopic gastric bypass; LSG, laparoscopic sleeve gastrectomy; BMI, body mass index; eGFR, estimated
glomerular filtration rate; OR, odds ratio; CI, confidence intervals
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formula rather than its directly measured values using a gold
standard method. Although the CKD-EPI formula is the most
accurate Cr-based method to estimate GFR in severe obesity
[31], BSA normalization removal further mitigates the bias
imposed by an extreme BSA and leads to the highest concor-
dance with measured eGFR values [31, 32]. A small sample
size of patients with preoperative eGFR of 30–60mL/min was
utilized in the present study; thus, the findings regarding the
potential impact of preoperative eGFR in this category should
be interpreted with caution.

Conclusion

Although patients with lower preoperative eGFR may experi-
ence less weight loss after bariatric surgery, preoperative
eGFR does not appear to have an independent impact on post-
operative weight loss among patients with eGFR ≥ 30 mL/
min. Further studies with larger sample sizes of patients with
more impaired kidney function, and by integration of eGFR
and albuminuria, are needed to verify our findings and to
explore the most effective, durable, and the safest bariatric
option for patients in different CKD stages.
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