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Abstract
Background  Bariatric surgery has been shown to improve and resolve diabetes. However, limited literature about its impact 
on end-organ complications of diabetes is available. The aim of this study was to examine the long-term effect of bariatric 
surgery on albuminuria.
Methods  We studied 101 patients with pre-operative diabetes and albuminuria [defined as urine albumin:creatinine ratio 
(uACR) > 30 mg/g] who underwent bariatric surgery at an academic center from 2005 to 2014.
Results  Fifty-seven patients (56%) were female with a mean age of 53 (± 11) years. The mean pre-operative BMI and glycated 
hemoglobin (HbA1c) were 43.1 (± 7.6) kg/m2 and 8.4 (± 1.8)%, respectively. The median pre-operative uACR was 80.0 
(45.0–231.0) mg/g. Bariatric procedures included Roux-en-Y gastric bypass (n = 75, 74%) and sleeve gastrectomy (n = 26, 
26%). The mean follow-up period was 61 (± 29) months. At last follow-up, the mean BMI was 33.8 (± 8.3) kg/m2. The 
overall glycemic control improved after bariatric surgery. At last follow-up, 73% had good glycemic control (HbA1c < 7%) 
and 27% met diabetes remission criteria. The mean HbA1c at last follow-up was 6.7 (± 1.0)% and the median uACR was 30 
(IQR 7–94) mg/g. Albuminuria improved in 77% and resolved in 51% of patients at long-term.
Conclusions  Bariatric surgery has a significantly positive impact on albuminuria in patients with obesity and type 2 diabe-
tes. Our data showed almost an 80% improvement in albuminuria at the short- and long-term period after bariatric surgery.
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Diabetic nephropathy affects about 20–30% of patients with 
type 2 diabetes (T2D) [1] and is one of the leading causes of 
end-stage renal disease (ESRD) [2]. ESRD causes significant 
morbidity and mortality, increases health care costs [3], and 
decreases quality of life [4]. Unfortunately, as the number of 
patients with T2D rises, the number of patients with ESRD 
is also expected to rise [5].

Obesity is a major risk factor for developing T2D [6]. 
Besides T2D, obesity is also associated with the develop-
ment of chronic kidney disease and ESRD [7–9]. Obesity 
independently causes kidney disease via the proposed mech-
anisms of increased glomerular filtration, increased sodium 
handling in the proximal tubule, and increased sympathetic 
activation of the renin–angiotensin system [10]. Studies have 
also demonstrated a relationship between obesity and mark-
ers of kidney damage such as the urinary albumin:creatinine 
ratio (uACR) [11].

Bariatric surgery is proven to induce sustainable weight 
loss [12–14] and improvements in T2D [15–19]. However, 
the impact of bariatric and metabolic surgery on end-organ 
complications of T2D is less characterized. Long-term gly-
cemic control has shown to decrease the risk of ESRD [20]. 
However, achieving glycemic control with lifestyle changes 
and medications is difficult. Currently, only about half of 
patients are able to reach the American Diabetes Associa-
tion’s (ADA) glycemic control goal of HbA1c < 7% [21]. 
Accordingly, diabetes and surgery organizations including 
the ADA have recently incorporated bariatric surgery as a 
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part of the treatment algorithm for T2D patients with obesity 
[22, 23].

Weight loss can decrease microalbuminuria and pro-
teinuria through a variety of proposed mechanisms such as 
blood pressure (BP) control, improved insulin sensitivity, 
and decreased activation of the renin–angiotensin–aldoster-
one system [24]. Recent studies have begun to examine the 
effect of bariatric surgery on renal function [25]. Upala et al. 
[26] conducted a meta-analysis of 15 studies examining the 
effect of bariatric surgery on urinary albumin excretion in 
diabetic nephropathy. Bariatric surgery was shown to sig-
nificantly improve albuminuria as measured by the uACR. 
However, these studies were limited by small sample size 
or by shorter-term follow-up period [26]. Thus, the primary 
aim of our study was to look at the long-term renoprotec-
tive effects of bariatric surgery in T2D patients with pre-
operative albuminuria.

Methods

After institutional review board (IRB) approval, a retrospec-
tive study was conducted at a single academic center from 
2005 to 2014. All patients with T2D and pre-operative albu-
minuria were included and followed for at least 12 months 
after the bariatric procedures.

Patients’ weight, body mass index (BMI), BP, glycated 
hemoglobin (HbA1c), serum creatinine, uACR, and diabetes 
medications were documented from the pre-operative period 
through the most recent follow-up.

Albuminuria was defined as uACR of > 30 mg/g [27]. 
Resolution of albuminuria was defined as uACR of 30 mg/g 
or less at the follow-up period. Macroalbuminuria was 
defined by uACR > 300 mg/g [27].

Diabetes remission was defined as HbA1c level < 6.5% or 
FBG < 7.0 mmol/L (126 mg/dL) without the use of any dia-
betes medications [28]. Glycemic improvement was defined 
as a reduction in HbA1c by > 1%, reduction in fasting blood 
glucose (FBG) by > 1.4 mmol/L (25 mg/dL), or reduction 
in HbA1c and FBG accompanied by a decrease in diabetic 
medication requirements as has previously been published 
[29–31]. Glycemic control was defined as HbA1c < 7% 
with or without medication use according to the ADA’s 
guidelines [22]. Hypertension control was defined as BP 
< 140/90 mmHg.

Percentage total weight loss (%TWL) was calculated 
as [(operative weight − follow-up weight)/(operative 
weight)] × 100. The %EWL was calculated as [(opera-
tive weight − follow-up weight)/(operative weight − ideal 
weight)] × 100, with ideal body weight based on a BMI of 
25 kg/m2. Short-term follow-up was defined as post-bari-
atric surgery follow-up between 1 and 3 years. Long-term 

follow-up was defined as post-bariatric surgery follow-up 
between 4 and 10 years.

Data were summarized as mean with standard deviation 
and median with interquartile range (IQR) for continuous 
variables, and counts with percentages for categorical vari-
ables. Means were compared with the paired t test, medians 
were compared with the Wilcoxon-signed rank, and percent-
ages were compared with the 2-sample test for binomial pro-
portions. In all tests, p < 0.05 was considered statistically 
significant.

Results

Out of 1392 diabetic patients, 101 (7.2%) patients had pre-
operative albuminuria with at least 12 months of uACR fol-
low-up for albuminuria after bariatric surgery. Of this group, 
57 (56%) were female with a mean age of 53 (± 11) years. 
The majority of patients were white (78%), followed by Afri-
can American (20%), and Hispanic (2%). The mean pre-
operative weight and BMI were 124.0 (± 24.6) kg and 43.1 
(± 7.6) kg/m2, respectively. The mean pre-operative HbA1c 
was 8.5% (± 1.8) and 76% had poor glycemic control with 
HbA1c ≥ 7%. Ninety-four patients (93%) had hypertension 
before surgery. Bariatric procedures performed were Roux-
en-Y gastric bypass (RYGB, n = 75, 74%) and sleeve gas-
trectomy (SG, n = 26, 26%). The baseline demographics are 
summarized in Table 1.

The mean follow-up period was 61 (± 29) months. While 
all patients had short-term data (1–3 years after surgery), 
the long-term uACR data were available on 71 patients 
(71%). At short-term follow-up, the mean BMI decreased 
from 43.1 (± 7.6) kg/m2 at baseline to 33.6 (± 7.7) kg/m2. 
These changes were maintained at long-term follow-up 
(33.8 ± 8.3 kg/m2). The RYGB patients had better %TWL 
and %EWL at last follow-up compared to the SG patients. 
The changes in body weight and BMI based on bariatric 
procedures (RYGB and SG) are summarized in Table 2.

The overall glycemic control improved during the short-
term follow-up period and was maintained over the long-
term follow-up period (Table 3; Fig. 1). The mean HbA1c 
of the whole cohort was 6.8 (± 1.4)% at short-term and 6.7 
(± 1.0)% at long-term follow-up. The number of diabetes 
medications improved after bariatric surgery. Sixty-two 
(61.4%) patients required insulin at baseline but almost 50% 
of these patients were not on insulin after bariatric surgery 
at the last follow-up. Overall, the percentage of patients who 
were not taking any diabetes medications (including insulin) 
was 44% in the short-term follow-up period and 33% in the 
long-term follow-up period.

There were significant changes in uACR after bariatric 
surgery (Table 3). The median pre-operative uACR was 80 
(IQR 45–240) mg/g. During the short-term follow-up period, 
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the median uACR decreased to 31 (IQR 9–31) mg/g. These 
changes were maintained during the long-term follow-up 
period, as the median uACR at last follow-up was 30 (IQR 
7–93.5) mg/g. At last follow-up, 51% patients had a resolu-
tion of the albuminuria (uACR < 30 mg/g) (Fig. 1). These 
changes were observed even with a significant reduction in 
the number of patients who were taking angiotensin con-
verting enzyme inhibitor or angiotensin II receptor blocker 
medications after bariatric surgery. There was no signifi-
cant difference in uACR changes between RYGB and SG 
patients.

Twenty-two patients had baseline macroalbuminuria 
(RYGB n = 18, SG n = 4). In this subgroup at short-term 

follow-up, 17 (77%) patients had resolution or improve-
ment of uACR. At long-term follow-up (n = 12), 10 patients 
had resolution or improvement of albuminuria. All the SG 
patients had improvement of uACR at both short- and long-
term follow-up.

There were no significant changes in the median serum 
creatinine of the whole cohort after bariatric surgery. 
Twenty-four (24.4%) patients had high baseline serum cre-
atinine, as defined by creatinine > 1.2 mg/dL in males and 
> 1.1 mg/dL in females [32]. In the short-term follow-up 
of this subgroup (n = 23), serum creatinine was normalized 
or improved in 13 patients. In the long-term follow-up of 
this subgroup (n = 16), serum creatinine was normalized or 
improved in six patients.

Discussion

To date, this is the largest series on improvement in albumi-
nuria in diabetic patients after bariatric surgery, with a mean 
follow-up period of 61 (± 29) months. There was improve-
ment of uACR after bariatric surgery in 77.1% of patients 
with pre-operative albuminuria. Resolution of albuminu-
ria was seen in 51% of patients in the long-term follow-up 
period after bariatric surgery.

The presence of albuminuria is a strong predictor of renal 
and cardiovascular risk in patients with T2D and hyper-
tension [33]. Multiple studies have shown that decreas-
ing the level of albuminuria (mainly by inhibition of the 
renin–angiotensin–aldosterone system) can reduce the risk 
of adverse renal and cardiovascular outcomes. For example, 
in the Prevention of Renal and Vascular End-Stage Disease 

Table 1   Baseline characteristics 
of patients with albuminuria 
before bariatric surgery

Poor glycemic control defined as HbA1c ≥ 7%; Macroalbuminuria defined as uACR > 300 mg/g
Means reported as mean ± SD; medians reported as median (IQR)
HbA1c glycated hemoglobin, ACEI angiotensin converting enzyme blocker, ARB angiotensin receptor 
blocker, IQR interquartile range

Variable Whole cohort
(n = 101)

Gastric bypass
(n = 75)

SG
(n = 26)

Female, n (%) 57 (56%) 42 (56%) 15 (58%)
Age (years) 53.3 (± 10.9) 53.5 (± 11.1) 53.0 (± 10.2)
BMI (kg/m2) 43.1 (± 7.6) 42.6 (± 6.6) 44.6 (± 9.7)
Duration of diabetes (years), median (IQR) 9.0 (6.0–14.0) 9.0 (5.5–14.0) 10.5 (6.3–15.0)
Number of diabetes medications, median (IQR) 1 (1–2) 1 (1–2) 1 (0–2)
On insulin therapy, n (%) 62 (61%) 46 (61%) 16 (62%)
HbA1c (%) 8.4 (± 1.8) 8.4 (± 1.7) 8.7 (± 2.1)
Poor glycemic control, n (%) 77 (76%) 59 (79%) 18 (69%)
Serum creatinine (mg/dL), median (IQR) 0.9 (0.7–1.2) 0.9 (0.7–1.2) 1.0 (0.8–1.1)
UACR (mg/g), median (IQR) 80.0 (45.0–231.0) 91.0 (50.5–272.0) 57.0 (39.3–167.3)
Macroalbuminuria (%) 22 (22%) 18 (24%) 4 (15%)
On ACEI or ARB, n (%) 88 (87%) 67 (90%) 21 (81%)

Table 2   Weight loss data by procedure type in patients with albumi-
nuria before bariatric surgery

All values are mean ± SD
Short-term: 1–3 years after surgery; Long-term: 4–10 years after sur-
gery

Variable Whole cohort
(n = 101)

Gastric bypass
(n = 75)

SG
(n = 26)

BMI (kg/m2)
 Baseline 43.1 (± 7.6) 42.6 (± 6.7) 44.6 (± 9.9)
 Short-term 33.6 (± 7.7) 32.3 (± 6.2) 37.6 (± 10.2)
 Long-term 33.8 (± 8.3) 32.4 (± 6.9) 37.6 (± 10.7)

TWL (%)
 Short-term 22.1 (± 10.1) 24.1 (± 9.1) 16.3 (± 10.9)
 Long-term 22.2 (± 11.9) 24.5 (± 11.0) 16.0 (± 12.2)

EWL (%)
 Short-term 59.6 (± 35.7) 65.3 (± 34.4) 43.3 (± 34.7)
 Long-term 58.4 (± 36.1) 64.1 (± 33.2) 42.5 (± 39.7)
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Intervention Trial (PREVEND IT), treatment with fosino-
pril (an angiotensin converting enzyme inhibitor) in patients 
with albuminuria led to a significant reduction in urinary 
albumin excretion (26%) and a trend toward less cardiovas-
cular events (40%) [34]. In the Losartan Intervention for 

Endpoint Reduction in Hypertension (LIFE) study, patients 
who were able to significantly decrease their uACR at 1 year 
experienced a reduced risk of myocardial infarction, stroke, 
and cardiovascular mortality compared with patients who 
were not able to decrease their uACR [35]. Furthermore, in 
the Irbestartan in Patients with Type 2 Diabetes and Micro-
albuminuria (IRMA-2) study, administration of irbesartan 
(an angiotensin receptor blocker) in patients with T2D, 
hypertension, and microalbuminuria, could reduce the risk 
of progressing to overt nephropathy (overt proteinuria) [36].

Current literature on albuminuria after bariatric surgery 
is limited by small sample sizes and/or short-term follow-
up. Sample sizes are often less than 100 patients [37, 38] 
and follow-up is often limited to 12–24 months [39–41]. 
Amor et al. [39] found that uACR decreased from 85.7 mg/g 
at baseline to 42.2 mg/g 1 year after bariatric surgery. Out 
of the 44 patients with pre-operative albuminuria, 59% 
(at 12 months) and 77% (at 24 months) had resolution of 
albuminuria. Heneghan et al. [25] showed a 58% reduc-
tion in albuminuria 5 years after bariatric surgery. Miras 
et al. [42] compared diabetic microvascular complications 
between bariatric surgery and medical treatment groups. 
Of the patients with pre-operative albuminuria, the surgical 
group patients (n = 30) had improvements in albuminuria at 

Table 3   Long-term and short-term outcomes of bariatric surgery in patients with albuminuria

Means reported as means ± SD
Short-term: 1–3 years after surgery; Long-term: 4–10 years after surgery
HbA1c glycated hemoglobin, ACEI angiotensin converting enzyme blocker, ARB angiotensin receptor blocker, IQR interquartile range
a 71 out of 101 patients had long-term UACR data

Variable Baseline Short-term Long-term p value

Short-term 
versus base-
line

Long-term 
versus base-
line

Cardiometabolic and renal outcomes
 Mean HbA1c (%)
  Whole cohort 8.4 (± 1.8) 6.8 (± 1.4) 6.7 (± 1.0) < 0.0001 < 0.0001
  Gastric bypass 8.4 (± 1.7) 6.8 (± 1.4) 6.7 (± 0.9) < 0.0001 < 0.0001
  Sleeve gastrectomy 8.7 (± 2.1) 7.1 (± 1.4) 6.8 (± 1.4) 0.0034 0.0011

 UACR (mg/g), median (IQR)
  Whole cohort 80.0 (45.0–231.0) 31.0 (9.0–31.0) 30.0 (7.0–93.5)a < 0.0001 < 0.0001
  Gastric bypass 91.0 (50.5–272.0) 34.0 (9.3–113.0) 35.5 (7.0–94.0) < 0.0001 < 0.0001
  Sleeve gastrectomy 57.0 (39.3–167.3) 24.5 (7.0–110.0) 26.0 (9.0–75.5) 0.016 0.024

 Serum creatinine (mg/dL), median (IQR) 0.9 (0.7–1.2) 0.9 (0.8–1.2) 1.0 (0.8–1.3) 0.82 0.15
 Systolic BP (mmHg) 133 (± 19) 130 (± 15) 132 (± 17) 0.17 0.91
 Diastolic BP (mmHg) 75 (± 10) 75 (± 12) 72 (± 10) 0.51 0.041

Medications
 No. of diabetes drugs, median (IQR) 1 (1–2) 0 (0–1) 1 (0–2) < 0.0001 < 0.0001
 No. on insulin therapy/no. available (%) 62/101 (61%) 28/101 (28%) 23/84 (27%) < 0.0001 < 0.0001
 No. without diabetes medication/no. available (%) 4/101 (4%) 44/101 (44%) 28/84 (33%) < 0.0001 < 0.0001
 No. on ACEI or ARB/no. available (%) 88/101 (87%) 54/101 (53%) 49/84 (58%) < 0.0001 < 0.0001

Fig. 1   Short- and long-term glycemic and renal outcomes of bariatric 
surgery in patients with albuminuria based on the ADA goals for gly-
cemic (HbA1c < 7%) and albuminuria (< 30 mg/g)
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12 months while the medical group patients (n = 10) did not 
have significant changes in albuminuria at 1 year follow-up. 
The median uACR of the surgical group decreased from 
8.5 mg/mmol (IQR 5.7–17.4) at baseline to 1.7 mg/mmol 
(IQR 1.0–6.1) at 12 month follow-up.

Bariatric surgery can also prevent the development 
of albuminuria. One of the largest studies with a median 
follow-up of 10 years (2010 bariatric surgery patients and 
2037 non-surgery patients) showed that bariatric surgery 
patients had a decreased incidence of developing albumi-
nuria (9.4/1000 person-years vs 20.4/1000 person-years) as 
compared to the nonsurgical group [43]. This study excluded 
patients with pre-operative albuminuria.

There are likely many mechanisms underlying the 
improvements in albuminuria in patients with T2D after 
bariatric surgery, one of which may be the improved gly-
cemic control after bariatric surgery. Our findings showed 
significant improvements in HbA1c. Only 24% of patients 
achieved the ADA goal of HbA1c < 7% before surgery, but 
73% achieved the ADA goal in the long-term follow-up 
period. There was also a significant decrease in diabetes 
medications usage after bariatric surgery. 61% of patients 
were on insulin at baseline but only 27% were on insulin 
at long-term follow-up. While the RYGB group achieved 
greater weight loss than the SG group in our cohort, we did 
not observe any significant differences in HbA1c and uACR 
between surgical groups. Of note, only 26 patients under-
went SG which may have impacted the statistical analysis.

The UK Prospective Diabetes Study assessed risk fac-
tors for renal dysfunction in patients with T2D, and found 
that development of albuminuria and renal impairment were 
independently associated with increased systolic BP and 
HbA1c [44]. We did not observe significant changes in BP 
in our cohort during the short-term and long-term follow-up 
periods.

Despite being the largest series with long-term follow-up 
on diabetic patients with albuminuria before bariatric sur-
gery, this study has several limitations due to its retrospec-
tive single center design and lack of a medical control group. 
Only patients with pre-operative uACR and post-operative 
follow-up data were included in this study. Thus, there is 
the possibility that we did not capture all patients with albu-
minuria. Follow-up data are also limited in some patients, 
especially data on HbA1c, BP, uACR, and serum creatinine. 
However, 71 patients (71%) in this cohort had long-term 
uACR follow-up. In our small series, in the subset of patients 
with abnormal creatinine at baseline, serum creatinine was 
normalized or improved in 13 (out of 23) patients at short 
term follow up. In the long-term follow-up of this subset 
(n = 16), serum creatinine was normalized or improved in six 
patients. While our series clearly showed the positive impact 
of bariatric surgery on albuminuria (80% improvement and 
50% resolution), we would need a large sample size to study 

the impact of post-surgical reduction in albuminuria on the 
renal function and future cardiovascular events. In addition, 
future prospective studies, preferably randomized clinical 
trials comparing albuminuria resolution in bariatric surgery 
and medical control groups are warranted.

Conclusion

Findings of this study suggest that bariatric surgery in dia-
betic patients with pre-existing nephropathy can improve 
albuminuria. Additionally, 30% of patients had diabetes 
remission and 70% of the patients achieved the ADA goal for 
HbA1c < 7% at last follow-up after bariatric surgery. Finally, 
our long-term data showed almost a 50% resolution and 80% 
improvement of albuminuria after bariatric surgery.
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