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Abstract
Background: Obesity is recognized as an independent risk factor for chronic kidney disease through multiple direct and 
indirect biological pathways. Bariatric surgery is a proven, effective method for sustained weight loss. However, there is a 
relative paucity of data on the impact of bariatric surgery on renal outcomes.
Objective: The primary objective was to evaluate the change in urine albumin/creatinine ratio (ACR) in patients undergoing 
bariatric surgery, at 12 months after the procedure. Secondary objectives were to determine the changes in ACR at (6 and 
24 months), estimated glomerular filtration rate (eGFR; 6, 12, and 24 months), and hemoglobin A1c (HbA1c); 12 and 24 
months) after the procedure.
Design: This observational retrospective cohort study included consecutive obese patients who underwent bariatric surgery.
Setting: Provincial Bariatric Surgery Clinic at the Regina General Hospital, Saskatchewan.
Patients: This study includes 471 consecutive obese adult patients who underwent bariatric surgery between 2008 and 
2015.
Measurements: We studied the impact of bariatric surgery on body mass index (BMI), renal outcomes (urine ACR and 
eGFR) and metabolic outcomes (fasting glucose, total cholesterol, low-density lipoprotein, triglycerides, and HbA1c) in 471 
patients.
Methods: Patients were followed for 2 years postsurgery in the bariatric clinic. Mixed linear models that accounted for the 
repeated nature of the data were used to access changes in outcomes over time.
Results: Patients were predominantly female (81%) with a mean age (±SD) of 46 ± 10 years. Most patients (87%) had 
a BMI > 40 kg/m2 and 81% of the patients underwent Roux-en-Y gastric bypass. The mean BMI decreased from 47.7 ± 
7.8 kg/m2 at baseline to 37.1 ± 7.9 kg/m2 at 6 months and 34.8 ± 8.8 kg/m2 at 12 months. In a subcohort of patients with 
microalbuminuria, ACR showed an improvement from a median [interquartile] value of 5.1 [3.7-7.5] mg/mmol at baseline 
to 2.3 [1.2-3.6] mg/mmol at 6 months (P = .007), to 1.4 [0.9-3.7] mg/mmol at 2-year follow-up (P < .001). Similarly, eGFR 
increased in patients with microalbuminuria from 109 ± 10 mL/min/1.73 m2 at baseline to 120 ± 36 mL/min/1.73 m2 at 2-year 
follow-up (P = .013). There were statistically significant reductions in triglycerides, fasting glucose, and HbA1c.
Limitations: This was a retrospective chart review, with the lack of a control group. Patients with eGFR less than 60 mL/
min/1.73 m2 were not considered for surgery, and we had to measure renal outcomes predominantly on the presence of 
proteinuria.
Conclusions: Our results suggest bariatric surgery significantly decreased weight and consequently improved renal and 
metabolic outcomes (eGFR, ACR, fasting glucose, cholesterol, and triglycerides) in patients with elevated BMI.

Abrégé 
Contexte: L’obésité est reconnue comme un facteur de risque indépendant d’insuffisance rénale chronique (IRC) via de 
multiples voies biologiques directes et indirectes. La chirurgie bariatrique est une méthode efficace et éprouvée pour perdre 
du poids de façon durable. Or, il existe peu de données mesurant l’impact de cette intervention sur les issues rénales.
Objectifs: L’objectif principal était de mesurer la variation du rapport albumine/créatinine (RAC) urinaire chez des patients 
subissant une chirurgie bariatrique, 12 mois après l’intervention. On souhaitait aussi mesurer le RAC (6 mois et 24 mois), le 
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débit de filtration glomérulaire estimé (DFGe) (6, 12 et 24 mois) et le taux d’hémoglobine glyquée (HbA1c) (12 et 24 mois) 
à intervalles réguliers après l’intervention.
Type d’étude: Étude de cohorte rétrospective observationnelle portant sur des patients obèses ayant subi une chirurgie 
bariatrique.
Cadre: La clinique provinciale de chirurgie bariatrique du Regina General Hospital (Saskatchewan).
Sujets: Un total de 471 patients consécutifs ayant subi une chirurgie bariatrique entre 2008 et 2015.
Mesures: Nous avons étudié l’impact de la chirurgie bariatrique sur l’indice de masse corporelle (IMC), les issues rénales 
(RAC, DFGe) et les résultats métaboliques (glycémie à jeun, cholestérol total) de 471 patients.
Méthodologie: Les patients ont été suivis dans une clinique bariatrique jusqu’à deux ans après l’intervention. Des modèles 
mixtes linéaires tenant compte de la nature répétitive des données ont été employés pour évaluer les variations dans les 
résultats au fil du temps.
Résultats: La cohorte était majoritairement féminine (81%) et l’âge moyen (±SD) se situait à 46 ± 10 ans. La majorité des 
sujets (87%) présentait un IMC supérieur à 40 kg/m2 et 81% des patients avaient subi une dérivation gastrique de type Roux-
en-Y. L’IMC moyen est passé de 47,7 ± 7,8 kg/m2 (initial) à 37,1 ± 7,9 kg/m2 après 6 mois, et à 34,8 ± 8,8 kg/m2 après 12 
mois. Dans une sous-cohorte de patients atteints de microalbuminurie, le RAC est passé d’une valeur médiane (EIQ) initiale 
de 5,1 [3,7-7,5] mg/mmol à 2,3 [1,2-3,6] mg/mmol après 6 mois (P = 0,007), et à 1,4 [0,9-3,7] mg/mmol après deux ans de 
suivi (P < 0,001). Parallèlement, dans cette même sous-cohorte, le DFGe est passé de 109 ± 10 mL/min/1,73 m2 (initial) à 
120 ± 36 mL/min/1,73 m2 après deux ans de suivi (P = 0,013). Des réductions statistiquement significatives ont également 
été observées pour les triglycérides, la glycémie à jeun et l’HbA1c.
Limites: Il s’agit d’une analyze de dossiers rétrospective sans groupe contrôle. Les patients avec un DFGe inférieur à 60 mL/
min/1,73 m2 n’ont pas été pris en compte pour l’intervention et nous avons dû mesurer les issues rénales principalement en 
fonction de la présence d’une protéinurie.
Conclusion: Nos résultats suggèrent que la chirurgie bariatrique entraîne une perte significative de poids et, conséquemment, 
une amélioration des issues rénales et métaboliques (DFGe, RAC, glycémie à jeun, taux de cholestérol et de triglycérides) 
chez les patients présentant un IMC élevé.
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What was known before

Bariatric surgery is an effective alternative to achieve signifi-
cant and sustained weight loss. There was a relative lack of 
long-term data on renal outcomes.

What this adds

This study adds to the growing literature on renal outcomes 
after bariatric surgery. It adds to long-term (2 year) safety of the 
procedure and positive sustained impact on renal outcomes.

Background

Both obesity and chronic kidney disease (CKD) constitute 
high-prevalence medical conditions with a significant impact 

on health care systems. In 2014, 20% of adult Canadians were 
obese. At the same time, the global prevalence of CKD is esti-
mated to be around 13%.1 There seems to be a strong patho-
physiological association between these 2 entities.2 In 
addition to increasing the risk of hypertension and diabetes, 
excessive adipose tissue is responsible for the activation of 
the sympathetic nervous system and eventually renin-angio-
tensin system leading to hypertension.3 It also leads to insulin 
resistance through disruption of insulin signaling pathways 
from lipolysis and release of inflammatory markers.3 Obesity 
is also considered an independent risk factor for the develop-
ment of CKD through multiple biological pathways including 
compression-induced increased renal sodium reabsorption 
leading to afferent arteriolar vasodilation and consequently, 
hyperperfusion, hyperfiltration, and worsening albuminuria/
proteinuria.4-6 Furthermore, increased adipose tissue has been 
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associated with the presence of histological changes in the 
kidney including focally thickened basement membrane, 
dilated capillary loops, thickened foot processes, glomerulo-
megaly, and eventually glomerulosclerosis.7-9 The combined 
direct effect of obesity and indirect impact of hypertension, 
diabetes, and metabolic syndrome on the glomerular barrier 
can be clinically evaluated by measuring albuminuria and 
altered glomerular filtration rates (GFRs).

Given the strong association between obesity and CKD, it 
is plausible that interventions leading to significant weight 
loss may benefit renal function. Previous studies have esti-
mated that every kilogram of intentional weight loss may 
result in a 4% reduction of proteinuria, regardless of the ben-
eficial effect of weight loss in blood pressure.10 Bariatric sur-
gery is a proven, effective procedure for sustained weight 
loss and is increasingly being considered for patients with 
morbid or severe obesity. Options for bariatric surgery 
include Roux-en-Y gastric bypass (RYGB), laparoscopic 
adjustable gastric banding, and laparoscopic vertical sleeve 
gastrectomy (LSG).2,11,12 All of these procedures are associ-
ated with significant and sustained weight loss and potential 
remission of diabetes, hypertension, and dyslipidemia.13-15

While there is strong evidence of improved metabolic 
outcomes, there is paucity of long-term data on renal out-
comes (proteinuria and estimated glomerular filtration rate 
[eGFR]) in Canadian patients. Previous studies looking at 
renal measures in obese subjects have been limited by het-
erogeneity in outcomes and variable duration of follow-
up.16-20 In this single center, retrospective population-based 
cohort, we attempted to identify the long-term impact of 
bariatric surgery on renal function of obese patients treated 
in a single-center provincial bariatric program.

Methods

Study Design

Retrospective review of electronic medical records of all the 
patients who underwent bariatric surgery at the Regina 
General Hospital between 2008 and 2015 was performed. 
Demographic, clinical, and biochemical data were collected. 
Demographic data included age (years) and sex. Clinical 
data included height (cm) and weight (kg), BMI (kg/m2), and 
the type of bariatric surgery (RYGB or LSG). Biochemical 
data included albumin (g/L), creatinine (μmol/L), albumin/
creatinine ratio (ACR; mg/mmol), glucose (mmol/L), hemo-
globin A1c (HbA1c; %), total cholesterol (mmol/L), triglyc-
eride (mmol/L), and low-density lipoprotein (LDL) 
cholesterol (mmol/L). Diabetes was defined according to the 
American Diabetic Association (fasting glucose >7.0 
mmol/L and HbA1c >6.5%) and normoglycemia (fasting 
glucose <5.6 mmol/L and HbA1c <5.7%). Microalbuminuria 
was defined as ACR >2.0 and <20 mg/mmol in men and 
>2.8 and <28 mg/mmol in women, and macroalbuminuria 
was defined as ACR >20 mg/mmol in men and >28 mg/

mmol in women. Glomerular filtration rate was calculated by 
the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) formula.21 The study was approved by the 
Research Ethics Board of the former Regina Qu’Appelle 
Health Region (REB-17-86).

Surgical Eligibility Criteria

The provincial bariatric surgical program at the Regina 
General Hospital, Saskatchewan, Canada, accepts referrals 
from family doctors across the region for assessment for 
weight reduction surgery. Criteria for surgery were based on 
the National Institute of Health guidelines and included the 
following: body mass index (BMI) ≥40 kg/m2 or 35 to 40 
kg/m2 with 1 obesity-related comorbidity and a prior attempt 
to lose weight. Patients aged <18 or >60 years and had GFR 
<60 mL/min/1.73 m2 were not eligible for bariatric surgery. 
Patients were initially assessed by a multidisciplinary pro-
gram (psychologist, exercise therapist, and dietitian) along 
with the bariatric surgeon. They were instructed to follow a 
diet reduction regime for a period of 6 months and subse-
quently re-evaluated by the multidisciplinary team.

Surgical Interventions and Follow-Up

Two procedures (RYGB and LSG) were predominantly per-
formed for weight loss surgery at the Regina General Hospital. 
In RYGB, the stomach is divided into an upper stomach pouch 
(15-30 mL) and a lower gastric remnant. The stomach pouch 
is then anastomosed to the mid jejunum, and the jejuno-jen-
unal anastomosis is created to connect the biliopancreatic limb 
and the gastric remnant, thereby allowing the gastric, pancre-
atic, and biliary secretion to mix with the food in the jejuno-
jejunal anastomosis.2 Laparoscopic vertical sleeve gastrectomy 
is a restrictive surgery that involves the removal of 70% to 
80% of the lateral stomach.2 Both procedures are widely 
accepted and validated as appropriate surgical options for 
weight loss by the American Society of Bariatric and Metabolic 
surgery. Postoperatively, patients were seen at scheduled inter-
vals for 2 years to monitor for any surgical, metabolic, or 
nutritional complications from their procedures.

Statistics

All statistical analyses were performed using SPSS version 
22 (SPSS Inc, Chicago, IL). Continuous variables are sum-
marized as mean ± SD or median (interquartile range [IQR]), 
as appropriate. Differences in outcomes over time were 
assessed using mixed linear models that accounted for the 
repeated nature of the data and within-subject correlation; 
both intercept and time were specified as fixed effects and an 
unstructured covariance was specified. Time (visit) was 
treated as a repeat measure and was categoric when specified 
in the model. A P-value <.05 was considered statistically 
significant.
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Results

Patient Characteristics

Baseline characteristics of the 471 study participants are 
shown in Table 1. Most of the study participants were women 
(81%), and the mean age at surgery was 46 ± 10 years.

Weight loss and changes in metabolic parameters. There were 
significant changes in weight and BMI following surgery 
(Figure 1). Three percent of patients had a BMI of 30 to 34.9 
kg/m2, 11% had a BMI between 35 and 35.9 kg/m2, and 87% 
had a BMI >40 kg/m2. Eighty-one percent of the patients 
underwent RYGB and 19% underwent LSD. The BMI was 
significantly lower 6 months after bariatric surgery for up to 
a 2-year follow-up period (Figure 1). The mean BMI 
decreased from 47.7 ± 7.8 kg/m2 at baseline to 37.1 ± 7.9 
kg/m2 at 6 months after the procedure. The BMI further 
declined from 37.1 ± 7.9 kg/m2 to 34.8 ± 8.8 kg/m2 at 1 
year. However, there was no further significant decrease in 
BMI in the second year after the bariatric surgery as com-
pared with the first year. At 2-year follow-up, BMI was 34.8 
± 7.9 kg/m2.

Renal outcomes. Mean creatinine was 62 ± 16 μmol/L at 
baseline, 70 ± 15 μmol/L at 12 months, and 67 ± 18 μmol/L 

at 2-year follow-up. The mean eGFR was 107.5 ± 10.5 mL/
min/1.73 m2 at baseline, 102.1 ± 22.4 mL/min/1.73 m2 at 1 
year, and 106.2 ± 27.0 mL/min/1.73 m2 at 2-year follow-up. 
These results suggest that there was a decline in eGFR post-
surgery that lasted up to a year and reverted back to baseline 
by 24 months (Table 2). The majority of patients (84%) had 
normal albumin excretion rates. In patients with microalbu-
minuria (n = 60, 12.7%), ACR and eGFR showed improve-
ments (Figure 2). In patients with microalbuminuria, ACR 
showed an improvement from a median [IQR] value of 5.1 
[3.7-7.5] mg/mmol at baseline to 2.3 [1.2-3.6] mg/mmol at  
6 months (P = .007), to 1.4 (0.9-3.7) mg/mmol at 2-year  
follow-up (P < .001). Similarly, eGFR increased in patients 
with microalbuminuria changing from 109 ± 10 mL/min/ 
1.73 m2 at baseline to 120 ± 36 mL/min/1.73 m2 at 2-year 
follow-up (P = .013).

Diabetes and lipid profile

A significant reduction in fasting glucose, and glycated hemo-
globin levels was observed in our study at 6-month follow-up 
and maintained at 2-year follow-up (P < .001). There were 
significant improvements in serum total cholesterol and tri-
glyceride levels at 6 months, which were maintained for 2 
years (Table 2). Based on these lab values, the proportion of 

Table 1. Baseline Patient and Surgery Characteristics.

Variable  

Age at surgery (Mean ± SD), y 46 ±10
Sex, No. (%)
 Female 380 (80.7)
 Male 91 (19.3)
Type of surgery, No. (%)
 Roux-en-Y gastric bypass 380 (80.7)
 Laparoscopic sleeve gastrectomy 90 (19.3)
Diabetic, No. (%) 116 (27.8)a

Before diabetes, No. (%) 160 (38.3)a

Microalbuminuria, No. (%) 60 (12.7)
Macroalbuminuria, No. (%) 7 (1.5)
Height (Mean ± SD), cm 166 ± 10
Weight (Mean ± SD), kg 133 ± 28
Body mass index (Mean ± SD), kg/m2 47.7 ± 7.8
Estimated glomerular filtration rate  

(mean ± SD), mL/min/1.73 m2
107.5 ± 10.5

Albumin/creatinine ratio (median [interquartile 
range]), mg/mmol

0.8 [0.5-1.8]

Glucose fasting (mean ± SD), mmol/L 6.6 ± 2.5
Hemoglobin A1c (mean ± SD), % 6.2 ± 1.1
Cholesterol (mean ± SD), mmol/L 4.6 ± 1.0
Low-density lipoprotein (mean ± SD), mmol/L 2.7 ± 0.9
Triglyceride (mean ± SD), mmol/L 1.8 ± 1.1

an = 417 due to missing data.
Figure 1. Change in body mass index (A) and weight (B) over 
the study period.
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patients with diabetics reduced significantly from 27.8% 
(116/417) at baselines to 7.8% (14/179) at 6 months, 7.4% 
(12/162) at 1 year and 9.6% (16/146) at 2 years.

Discussion

In this single-center study, we examined the impact of bariat-
ric surgery on renal and metabolic function using eGFR, 
albuminuria, serum lipid profile, glucose fasting, and HbA1c 
as biologic markers. We observed significant improvement 
in BMI from 47.7 ± 7.8 to 34.8 ± 8.8 kg/m2 by 1 year after 
the surgery. Our results are similar to the other published 
studies that show significant reduction in weight after the 
procedure.2,19 We also described a beneficial effect in glu-
cose homeostasis and lipid profile comparable to those 
described by other groups.22 Furthermore, we observed a 
reduction in albumin excretion rates amongst those subjects 
with albuminuria at baseline. These results are consistent 
with a recent systematic review that observed an overall 
reduction in proteinuria after bariatric surgery.20

Over the years, bariatric surgery has built a safety record 
and has become an effective alternative to achieve a signifi-
cant and sustained weight reduction. However, data regarding 
the impact and safety of bariatric procedures in patients with 
kidney impairment are lacking mainly because most centers 
will consider patients with significant renal impairment as 
noneligible for bariatric surgery. Preserved GFR with microal-
buminuria and macroalbuminuria is the earliest clinical mani-
festation of renal involvement in obese patients.20,23 Although 
patients with abnormal albumin excretion rates contributed to 
only 16% of the study population, we observed a significant 
improvement in albuminuria after the surgery. The observed 
difference might have been different with a larger sample size.

Figure 2. Two-year follow-up evaluation of estimated 
glomerular filtration rate (A) and albumin/creatinine ratio (B) 
in the cohort stratified according to the presence of baseline 
proteinuria.
Note. Estimated marginal means and standard error are presented at 
each time point using linear mixed model analysis. Asterisks (*) indicate 
significant change from baseline (P < .05) using Bonferroni adjustment to 
account for multiple comparisons.

Table 2. Descriptive statistics of renal and metabolic measures over time for all patients.

Baseline 6 months 12 months 24 months

P-value*

 

n

Mean ± SD

n

Mean ± SD

n

Mean ± SD

n

Mean ± SD

 
(median 
[IQR])

(median 
[IQR])

(median 
[IQR])

(median 
[IQR])

Body mass index, kg/m2 471 47.7 ± 7.8 362 37.1 ± 7.9 322 34.8 ± 8.8 264 34.8 ± 7.9 <.001
Weight, kg 471 133 ± 28 362 102 ± 21 281 97 ± 30 231 96 ± 25 <.001
Estimated glomerular filtration 

rate, mL/min/1.73 m2
471 107.5 ± 10.5 172 103.0 ± 22.9 164 102.1 ± 22.4 182 106.2 ± 27.0 .002

Creatinine, μmol/L 471 62 ± 16 172 69 ± 14 164 70 ± 15 182 67 ± 18 <.001
Albumin/creatinine ratio, mg/mmol 416 0.8 [0.5-1.8] 235 0.8 [0.5-1.4] 213 0.6 [0.5-1.1] 174 0.7 [0.5-1.2]) .265
Glucose fasting, mmol/L 407 6.6 ± 2.5 154 5.6 ± 1.2 150 5.5 ± 1.3 141 5.6 ± 1.4 <.001
HbA1c, % 169 6.2 ± 1.1 53 5.6 ± 0.6 31 5.6 ± 1.0  14 5.5 ± 0.8 <.001
Cholesterol, mmol/L 407 4.6 ± 1.0 157 4.3 ± 0.9 150 4.4 ± 0.9 139 4.5 ± 0.9 <.001
Low-density lipoprotein, mmol/L 407 2.7 ± 0.9 156 2.6 ± 0.8 150 2.6 ± 0.7 138 2.6 ± 0.8 .062
Triglyceride, mmol/L 408 1.8 ± 1.1 156 1.2 ± 0.5 150 1.1 ± 0.5 138 1.1 ± 0.6 <.001

*significant change from baseline (P < .05).
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Animal studies from the mid-1990s revealed several path-
ways for the development of proteinuria. These include ele-
vated glomerular pressure by stretching of mesangial cells 
by increased hydraulic pressure,24,25 increased production of 
transforming growth factor beta, which impair the lysosomal 
enzyme activity in tubular cells26 and endothelial cell dys-
function.27,28 There are human data to suggest that reduction 
in albuminuria following bariatric surgery is correlated with 
an improvement in insulin sensitivity,29 favorable alterations 
in the levels of gut hormones that control insulin secretion,30 
reduction in renal cytokines,31 and improvement in anti-
inflammatory adipokine adiponectin. Irrespective of the 
pathogenesis of albuminuria in patients with obesity, 
improvement in albumin excretion rates following bariatric 
surgery suggests improved glomerular and/or systemic capil-
lary function.

We observed that eGFR decreased for our entire cohort 
over the first year, which is in contrast to few other published 
studies showing an increase after the procedure.32,33 Obesity 
is hemodynamically associated with elevations in glomerular 
filtration (hyperfiltration).34 Brochner-Mortensen et al35 
were the first group to demonstrate that GFR decreased after 
intestinal bypass surgery in obese subjects. Chagnac et al36 
also showed that after the bariatric surgery, there was a 
decrease in GFR, renal plasma flow, and microalbuminuria 
in obese patients. Our study is comparable with other pub-
lished studies that showed a reduction in measured glomeru-
lar filtration rate (mGFR) due to a resolution of glomerular 
hyperfiltration after the bariatric surgery.36-38 We did not per-
form mGFR as performed in other studies and instead used 
creatinine-based formula (CKD-EPI equation) to estimate 
the GFR. It is practically impossible to measure iothalamate 
GFR in routine clinical care. Measurement of cystatin C 
would have provided a more accurate eGFR than creatinine, 
but we were hampered by the lack of an available assay in 
our Institution.

The STAMPEDE trial39 and other randomized controlled 
trials40,41 further showed that bariatric surgery was superior to 
intensive medical therapy in improvement in lipid levels and 
quality of life along with better diabetic control. We similarly 
noticed statistically significant changes in total cholesterol 
and triglyceride levels, but not in LDL levels. As the key 
treatment goal of surgical intervention in obesity is preven-
tion of long-term complications, it was reassuring to see 
results of Swedish Obesity Subject Study (SOS), show a 
reduction in microvascular and macrovascular complications 
after the bariatric surgery.42

The effects of weight loss on diabetes status and HbA1c 
in our study were identical to previously published stud-
ies.43,44 Although we did not capture medication use (oral 
hypoglycemic agents and insulin), a significant decline in 
fasting glucose and HbA1c levels was seen in our cohort. 
Improved blood glucose regulation has been reported after 
the bariatric surgery leading to a reduction in the amount of 

insulin, and, in many cases, often discontinuation of insulin 
or oral hypoglycemic agents.39,43 A meta-analysis by Panunzi 
et al45 reported that most obese patients (90%) entered remis-
sion of their type 2 diabetes after metabolic procedures in the 
short to medium term. It has been estimated that 24.2% of 
kidney disease cases in the United States among men and 
34% among women could be prevented if overweight and 
obesity were eliminated.46 Overall, the results confirm the 
success of bariatric surgery in our Institution. The strengths 
of this study include improved metabolic outcomes and 
reduction in albuminuria after the bariatric surgery. In addi-
tion, this is the largest Canadian cohort with 24 months of 
follow-up. Navaneethan et al29 looked at 13 patients and fol-
lowed them for 12 months. Similarly, the first published 
study from 1980 by Brochner-Mortensen et al looked at 8 
patients after jejuno-ileal bypass surgery and followed them 
for 12 months.35 In 2008, Agarwal et al47 reported on 94 
patients with microalbuminuria and followed them over 12 
months. Serpa Neto et al48 reported on 140 patients and fol-
lowed them over 8 months. Fenske et al49 looked at 34 patients 
and followed them over 12 months. Similarly, Stephenson 
et al50 and Ruiz-Tovar et al51 reported on 23 and 50 patients, 
respectively, and followed them over only 12 months. In con-
trast, in this single-center retrospective study, we present data 
on 471 patients followed over 24 months and is the largest 
Canadian cohort to our knowledge. Chang et al2 followed 985 
patients, but only 91 of the 985 patients had GFR <60 mL/
min. More recent studies (Imam et al looked at 714 patients 
and Swedish Obesity Study) reported on a bigger cohort and 
followed patients over a longer period of time.52,53

Limitations of Study

Our study was a retrospective chart review, and there was 
no “control group” that underwent routine care in compari-
son, making it challenging to ascertain the kidney-specific 
risks and benefits of bariatric surgery. Patients with GFR 
less than 60 mL/min/1.73 m2 were not offered surgery by 
the surgical team due to perceived increased perioperative 
risk of acute kidney injury. Our assessment of renal out-
comes was predominantly on the presence of proteinuria. 
Patients with impaired albumin excretion rates contributed 
to only 16% of patients at the time of surgery, and there was 
significantly high clinic dropout rate creating an opportu-
nity for bias. We did not collect information on short- or 
longer-term complications related to bariatric surgery. 
Finally, we used CKD-EPI formula for the calculation of 
GFR. Creatinine-based eGFR equations have not been vali-
dated in morbidly obese adults or in patients with change in 
body composition after bariatric surgery. We were limited 
in our ability to explore the impact of the filtration rate any 
further because we did not measure iothalamate GFR and 
cystatin-based assays are currently not performed in our 
Institution.
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