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Abstract
BACKGROUND: Bariatric surgery could improve diabetic kidney disease; however, the effect of surgery versus 
medical therapy on renal out comes needs further evaluation.

AIM: The aim of the study was to investigate the effect of sleeve-gastrectomy versus intensive medical therapy on 
the prevention of albuminuria in patients with Type 2 diabetes mellitus (T2DM).

METHODS: This is a prospective study of 33 patients with T2DM undergoing sleeve gastrectomy matched for age, 
sex, and duration of diabetes to 64 medically treated patients. Urinary albumin/creatinine ratio (uACR) was assessed 
before and 3–year after intervention.

RESULTS: At baseline, there was no significant difference between surgical and medical group regarding body mass 
index (BMI), blood pressure, Hemoglobin A1c (HbA1c), or uACR. After 3 years of interventions the mean BMI (kg/m2) 
and HbA1c (%) became significantly lower in the surgical group compared to medical group. Although mean uACR 
(g/mg) increased after interventions compared to its levels before interventions in both surgical (11.7 ± 4.8 vs.18.2 
± 5.9) g/mg and medical (13.4 ± 4.5 vs.17.1 ± 6) g/mg groups, albuminuria developed in only three surgical patients 
and two medical patients (p > 0.05).

CONCLUSION: Although bariatric surgery is associated with more reduction in body weight and better glycemic 
control than intensive medical therapy, sleeve-gastrectomy may not be superior to intensive medical care in 
prevention of microalbuminuria in patients with T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a major 
health problem worldwide [1]. The incidence of T2DM 
has increased rapidly in the past few decades, according 
to the International Diabetes Federation, Egypt is in the 
world 8th place in the of incidence of diabetes and its 
prevalence is up to 9.3% of population and this number 
is expected to rise due to the rapid increase in the 
prevalence of obesity [2].

Diabetic kidney disease (DKD) is one of the 
major microvascular complications of T2DM and affects 
about 20–30% of patients with T2DM [3]. Moreover, 
DKD is a leading cause of end-stage renal disease 
(ESRD) with high morbidity and mortality [4].

Obesity is a leading cause of T2DM [5]. 
Furthermore, obesity is linked to the development of 
chronic kidney disease [6]. Different researches showed 
an association between obesity and different parameters 
of renal damage in patients with diabetes [7], [8].

Indeed, long-term glycemic control reduces the 
risk of ESRD [9]. Furthermore, weight reduction can help 

in control of blood pressure, improves insulin sensitivity 
and is associated with better glycemic control [10]. The 
previous studies showed that weight loss can improve 
or preserve renal function among obese subjects with 
or without T2DM [11].

Weight reduction and glycemic control could 
be obtained either by metabolic surgery or intensive 
medical treatment. However, bariatric surgery is not 
without complication and medications and lifestyle 
intervention are difficult.

Surgical weight loss was found to normalize 
glomerular hyperfiltration and decrease albumin 
excretion rate in morbidly obese persons [12], and 
dietary weight loss was associated with beneficial 
effects on albuminuria, proteinuria, and the decline 
in the estimated glomerular filtration rate (eGFR) in 
patients with pre-existing CKD [13].

Although recent studies have shown that 
bariatric surgery significantly improve albuminuria in 
subjects with diabetes, these studies were limited by 
being retrospective, small sample size or short-term 
one [12], [14]. To the best of our knowledge, no study 
primarily investigated the effect of medical care versus 
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bariatric surgery in prevention of DKD in obese subjects 
with diabetes and normoalbuminuria. Thus, the aim 
of this 3-year prospective study was to compare the 
impact of sleeve-gastrectomy versus intensive medical 
therapy on the development of albuminuria in originally 
normoalbuminuric obese patients with T2DM.

Materials and Methods

Study design

This study was a prospective randomized 
study conducted in a tertiary care referral hospital 
between January 2016 and January 2019. We assigned 
97 eligible patients with T2DM to undergo intensive 
medical therapy or sleeve-gastrectomy.

Subjects and methods

Patients between 20 and 60 years with 
diagnosis of T2DM (Hemoglobin A1c [HbA1c] >7.0%), 
and a body mass index (BMI) above 27 were eligible 
for the inclusion criteria. Patients were excluded if they 
had urinary albumin/creatinine ratio (uACR) >30 mg/g 
or eGFR <60 mL/min/1.73 m2 or undergone previous 
bariatric surgery or other complicated abdominal 
procedures or had inadequately controlled medical or 
psychiatric disorders.

All patients provided informed consent to 
participate in this study. The study protocol and 
procedures conform to the ethical guidelines of the 
1975 Declaration of Helsinki.

All patients were subjected to thorough medical 
evaluation including determination of age, gender, 
duration of diabetes, history of antidiabetic medications, 
and BMI calculation. Intensive medical therapy comprising 
lifestyle modification, weight reduction, and frequent 
home glucose monitoring was provided to all participants 
as per ADA standards of care [15], [16]. The patients were 
evaluated by diabetologist and dietitian every 3 months. 
The goal of medical management was HbA1c 6.0% 
(63.9 mmol/mol) or less or development of recurrent 
sever hypoglycemia. For all patients the following targets 
have been provided: Systolic blood pressure (SBP), 
130 mm Hg or less; diastolic blood pressure (DBP), 80 
mm Hg or less; and low-density lipoprotein cholesterol, 
100 mg/dl or less. Sleeve gastrectomy was performed 
laparoscopically to decreases gastric volume by 75%. 
After sleeve gastrectomy patients were followed up by 
diabetologist and dietitian every 3 months.

Data on the following parameters BMI, 
antidiabetic medications, HbA1c, eGFR as estimated 
by modified Modification of Diet in Renal Disease 
formula [17], and uACR were collected at the time of 
surgery and annually for 3 years post-surgery.

Statistical analysis

Data were entered and statistically analyzed 
on the Statistical Package for the Social Science 
Software program, version 25 (IBM SPSS Statistics for 
Windows, Version 25.0. Armonk, NY: IBM Corp.). Data 
were presented using mean and standard deviation or 
median with interquartile range for quantitative variables 
and frequency and percentage for qualitative ones. 
Comparison between groups for qualitative variables 
was performed using Chi-square or Fisher’s exact 
tests while for quantitative variables the comparison 
was conducted using Mann–Whitney test. p ≤ 0.05 was 
considered statistically significant.

Results

The study included 97 patients with T2DM, 
51.5% of them were females and 48.5% were males. 
Most of our patients were between 45 and 60 years. The 
mean duration of diabetes in the sleeve-gastrectomy 
group and medical-therapy group was 6.8 (± 2.7) years 
and 6.3 (± 2.6) years, respectively.
Table 1: Clinical and laboratory data of surgical group before 
and 3‑year after surgery
Data (Mean±SD) Pre‑operative 

(n=33)
3‑year post sleeve‑gastrectomy 
(n=33)

p‑value

BMI (kg/m2) 35.7 ± 1.9 27.2 ± 1 <0.0001
SBP (mmHg) 141.5 ± 8.1 127.7 ± 6.4 0.000
DBP (mmHg) 86.4 ± 5.7 81.4 ± 3.5 0.000
HbA1c (%, mmoL/moL) 8.9 ± 0.5 (73.8) 7.3 ± 0.3 (56) <0.0001
eGFR (mL/min/1.73 m2) 100.3 ± 12.5 102.2 ± 7.6 0.458
uACR (mg/g) 11.7 ± 4.8 18.2 ± 5.9 p<0.0001
No. of patients with 
albuminuria

None 3 0.238

BP: Blood pressure, eGFR: Estimated glomerular filtration rate, HbA1c: Hemoglobin A1c, uACR: Urine 
albumin‑to‑creatinine ratio. *p<0.05. BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure.

After 3 years of interventions, there was 
significant reduction in BMI, SBP, DBP, and HbA1c in 
both surgical (Table 1) and medical group (Table 2).

Table 2: Clinical and laboratory data of medical group before 
and 3‑year after therapy
Data Mean±SD Baseline 

(n=64)
3‑year post‑intensive 
medical therapy (n=64)

p‑value

BMI (kg/m2) 36.2 ± 1.5 33.7 ± 5 <0.0001
SBP (mmHg) 144.5 ± 8.1 130.3 ± 6.1 0.000
DBP (mmHg) 88.7 ± 5.3 83 ± 4.1 0.000
HbA1c (%, mmoL/moL) 8.8 ± 0.7) 73) 8.2 ± 0.4 (66) p<0.0001
eGFR (mL/min/1.73 m2) 102.6 ± 9.2 103.5 ± 10.5 p=0.6069
uACR (mg/g) 13.4 ± 4.5 17.1 ± 6 p=0.0001
No. of patients with albuminuria None 2 0.496
BP: Blood pressure, eGFR: Estimated glomerular filtration rate, HbA1c: Hemoglobin A1c, uACR: Urine 
albumin‑to‑creatinine ratio. *p<0.05. BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure.

At baseline, there was no statistically significant 
difference in the BMI between surgical and medical group. 
However, at 1 year follow-up, the surgical cases had lower 
BMI than the medical cases and mean BMI decreased 
from 35.7 (± 1.9) kg/m2 at baseline to 26.2 (± 1.1) kg/m2 
in sleeve gastrectomy group and from 36.2 (± 1.5) kg/m2 
to 32.8 (± 5) kg/m2 in the medical-therapy group. Although 
there was mild increase in the BMI in the 2nd and 3rd years 
in surgical (26.9 ± 1 and 27.2 ± 1) kg/m2 and medical 
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± 40.5%) and (−15.1 ± 20%) with medical therapy; the 
difference was not statistically significant (p = 0.702). 
The percentage of patients who decreased diabetes 
medications at the end of the study was not different 
between surgical and medical cases (Table 3).

In the beginning of the study, the range of 
eGFR was (84–118) mL/min/1.73 m2 in the surgical 
patient and (86–120) mL/min/1.73 m2 in the medical 
subjects. There was no statistically significant difference 
in mean eGFR between the patients who underwent 
sleeve-gastrectomy and those who received medical 
therapy at the baseline (100.3 ± 12.5 vs. 104.5 ± 12.3) 
mL/min/1.73 m2 or at end of the study (102.2 ± 7.6 vs. 
103.5 ± 10.5) mL/min/1.73 m2. In addition, the mean 
percentage of change in the eGFR was not statistically 
significant different among the patients who underwent 
sleeve-gastrectomy and those received medical therapy 
alone (3.4 ± 15.6 and 0.5 ± 15.7, respectively) (p = 0.537)

All patients had normal baseline uACR and 
at the 3rd year of the study there was no significant 
difference in the number of patients who developed 
albuminuria between the medical group and surgical 
group (two patients in the medical group and three 
patients in the surgical group). However, there was 
significant increase in the mean percentage of change 
in the albuminuria after sleeve gastrectomy than with 
medical therapy (86.7 ± 101.8% and 42.6 ± 72.7%, 
respectively) (Table 3 and Figure 2).Percentage change 
in uACR in patients undergone sleeve-gastrectomy was 
significantly higher than % change in uACR in medical 
group (p = 0.039).

Figure  2: Percentage change in urine albumin-to-creatinine ratio 
(uACR) in sleeve-gastrectomy group versus medical therapy group. 
Percentage change in urine albumin-to-creatinine ratio (uACR) in 
patients undergone sleeve-gastrectomy was significantly higher than 
% change in uACR in medical group (P = 0.039)

Discussion

This prospective study was aiming to compare 
the effect of bariatric surgery versus intensive medical 
therapy on prevention of microalbuminuria in patients 
with T2DM. We found that after 3-year follow-up, 

groups (33.4 ± 4.8 and 33.7 ± 5), sleeve-gastrectomy 
group had better % BMI reduction than medical group at 
the end of the study (Table 3 and Figure 1).

Figure 1: Percentage reduction in BMI in sleeve-gastrectomy group 
versus medical therapy group. Percentage reduction in BMI in 
patients undergone sleeve- gastrectomy was significantly higher than 
the reduction in BMI obtained by medical therapy (P = 0.000)

Percentage reduction in BMI in patients 
undergone sleeve-gastrectomy was significantly higher 
than the reduction in BMI obtained by medical therapy 
(p = 0.000).

The overall glycemic control improved during 
the 3-year follow-up period and the main reduction in 
mean HbA1c was in the 1st year in both medical 8.5 ± 
0.6% (69.4 mmol/mol) and surgical 6.9 ± 0.4% (51.9 
mmol/mol) groups. Although there was no statistically 
significant difference in the HbA1c between surgical and 
medical group at baseline, sleeve-gastrectomy group 
had lower mean HbA1c 7.3 ± 0.3% (56.3 mmol/mol) 
than group of medical therapy 8.2 ± 0.4% (66.1 mmol/
mol) at the 3rd post-operative year. Furthermore, the 
mean percentage of HbA1c reduction among patients 
underwent sleeve gastrectomy was greater (−18.7 
± 5.4%) than among those received medical therapy 
alone (−6.6 ± 8.4%) (p = 0.0001) (Table 3).

The percentage reduction in the number of 
diabetes medications after bariatric surgery was (−26 

Table 3: Comparison of clinical and laboratory data of medical 
group and surgical group before and 3‑year after of therapy
Variable Surgical 

(n=33)
Medical 
(n=64)

p‑value

Age (years) 53.6 ± 4 51.8 ± 4.8 0.118
Female, n (%) 18 (54.5) 32 (50) 0.671
Duration of diabetes (years) 6.8 ± 2.7 6.3 ± 2.6 0.479
Baseline SBP( mmHg) 141.5 ± 8.1 144.5 ± 8.1 0.0872
Baseline DBP (mmHg) 86.4 ± 5.7 88.7 ± 5.3 0.0513
SBP at 3rd year( mmHg) 127.7 ± 6.4 130.3 ± 6.1 0.0534
Diastolic BP at 3rd year (mmHg) 81.4 ± 3.5 83 ± 4.1 0.0591
% change in systolic BP −9.75 ± 20.99 −9.79 ± 38.6 0.995
% change in diastolic BP −5.79 ± 38.6 −6.4 ± 22.6 0.9220
BMI at baseline (kg/m2) 35.7 ± 1.9 36.2 ± 1.5 0.291
BMI at 3rd year (kg/m2) 27.2 ± 1 33.7 ± 5 0.000
BMI % change −23.8 ± 4.3 −6.8 ± 15 0.000
HbA1c (%, mmoL/moL) at baseline 8.9 ± 0.5 (74) 8.8 ± 0.7 (73) 0.139
HbA1c (%, mmoL/moL) at 3rd year 7.3 ± 0.3 (56) 8.2 ± 0.4 (66) 0.000
HbA1c % change −18.7 ± 5.4 −6.6 ± 8.4 0.000
No. of patients decreased diabetic medications 13 (39.4) 28 (43.8) 0.681
eGFR at baseline (mL/min/1.73 m2) 100.3 ± 12.5 104.5 ± 12.3 0.170
eGFR at 3rd year (mL/min/1.73 m2) 102.2 ± 7.6 103.5 ± 10.5 0.410
eGFR % change 3.4 ± 15.6 0.5 ± 15.7 0.537
uACR at baseline (g/mg) 11.7 ± 4.8 13.4 ± 4.5 0.085
uACR at 3rd y (g/mg) 18.2 ± 5.9 17.1 ± 6 0.450
uACR % change 86.7 ± 101.8 42.6 ± 72.7 0.039
No. of patients developed albuminuria 3 2 0.208
BP: Blood pressure, eGFR: Estimated glomerular filtration rate, HbA1c: Hemoglobin A1c, uACR: Urine 
albumin‑to‑creatinine ratio. *p<0.05. BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure.
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sleeve-gastrectomy was not superior to medical 
treatment on prevention of microalbuminuria in obese 
patients with T2DM.

Most of the previous studies have shown that 
bariatric surgery has significantly favorable effect on 
albuminuria in patients with T2DM and DKD [14], [18]. For 
example, one study showed almost 80% improvements 
in albuminuria after bariatric surgery in patients with 
T2DM and diabetic nephropathy [18]. Another study 
showed nearly 70% reduction in diabetic nephropathy in 
patients with T2DM and preoperative micro- and macro-
albuminuria [14]. Only one study compared between 
the effect of medical and surgical therapy of diabetic 
patients with diabetic nephropathy that found significant 
reduction in albuminuria in surgical group while the 
medical group had no changes at 1-year follow-up [19]. 
However, none of these studies investigated the effect 
of metabolic surgery compared to the intensive medical 
therapy on prevention of DKD in patients with T2DM 
and normoalbuminuria.

The favorable effects of metabolic surgery are 
well known, bariatric surgery is associated with remission 
or at least improvement of diabetes and many of 
diabetes-related comorbidities such as hypertension and 
dyslipidemia [20], [21]. The mechanisms of improvement 
in albuminuria after bariatric surgery remain unclear. 
Obesity per se is associated with low-grade inflammation, 
hormonal changes in the renin angiotensin and 
sympathetic nervous systems leading to hemodynamic, 
structural, and functional changes of the glomeruli and 
albuminuria [22]. In addition, metabolic syndrome, 
diabetes and hypertension, well established as major 
causes of chronic kidney disease, are closely associated 
with obesity. The positive effect of bariatric surgery on 
albuminuria may be mediated by the improvement of 
several risk factors such as diabetes and hypertension.

Although, in our study, the surgical patients 
achieved lower BMI and HbA1c than medical group, the 
prevalence of albuminuria in the medical group at 3-year 
follow-up was not different from the surgical group. 
The correlation between the degree of obesity and the 
degree of albuminuria in obese patient is not constant 
across the different studies [23], [24]. While some 
researchers reported significant correlation between 
BMI and the level of albuminuria [23], [25] others failed 
to confirm this association [26]. The previous study in 
subjects without diabetes reported that the prevalence 
of microalbuminuria was associated with low BMI in 
men and was not associated with waist circumference 
in either men or women [24]. Moreover, a study of 
patients with diabetes found that the incidence of 
microalbuminuria had linear relation with age as well as 
with increased duration of diabetes mellitus but not with 
the BMI [27]. In addition, metabolic parameters rather 
than BMI are predictors of an increased incidence of 
albuminuria among obese individuals [30]. All of these 
can explain the same occurrence of albuminuria in 
both medical and surgical groups as both groups had 

similar age, duration of diabetes, and blood pressure 
levels which are key players in the development of 
albuminuria in patients with diabetes [24], [26].

Obesity and diabetes are characterized by 
a varying degree of resistance to the physiological 
effect of insulin. Recent observations suggest that 
insulin signaling in podocytes, cells having a pivotal 
role in kidney filtration, and contributes to albuminuria 
[28]. A modest weight loss of 5–10% of original weight 
can increase insulin sensitivity and improve many of 
metabolic parameters [29]. In the current study, although 
surgical patients achieved greater weight reduction than 
medical group, the % change in BMI in medical group 
exceeded 5% and this could explain why albuminuria 
prevalence did not differ between medical and surgical 
group in spite higher HbA1c in the medical group. The 
previous study reported that the baseline uACR was a 
strong predictor in determining microalbuminuria and 
the baseline uACR had demonstrated high impacts 
on subjects with both low and high HbA1c baseline 
levels furthermore, HbA1c level demonstrated impact 
on patients with high-normal baseline uACR, but the 
HbA1c level had shown no significance for patients with 
low-normal albuminuria [30]. In the current study, mean 
uACR at the baseline was <15 mg/g in both medical 
and surgical cases.

This study has many strengths including first, 
it was a prospective study. Second, the duration of 
follow-up was 3-years. Third, the patients had 100% 
follow-up rate. Finally, compared to the previous 
studies that lack control group, we have medical 
control group that had similar age, gender, baseline 
BMI, and HbA1c that might influence the development 
of albuminuria. However, in this study, the surgical 
group underwent one bariatric procedure, which 
was sleeve gastrectomy, compared to the previous 
studies that included multiple surgical modalities. The 
effectiveness of the different procedures is not the 
same [31], so we cannot generalize the renal outcome 
of one bariatric procedure to the other modalities and 
further research is needed to compare renal outcomes 
of different bariatric surgeries.

Conclusion

Sleeve-gastrectomy could reduce the weight 
and improve glycemic control in obese patients with 
T2DM compared to medical therapy. However, in this 
study, sleeve gastrectomy was not superior to intensive 
medical treatment in prevention of microalbuminuria in 
this group of patients at 3-years follow-up.
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