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Abstract

Background Glomerular hyperfiltration commonly

associated with obesity is expected to improve post-

bariatric surgery. However, formula-based glomerular

filtration rate (GFR) estimation in these patients is

limited by body size confounders necessitating use of

modified equations, the reliability of which remains

uncertain.

Methods In this study, various GFR-estimating

formulae were compared in morbidly obese patients

at baseline and postbariatric surgery. Through a

retrospective chart review, we identified 220 patients

who had undergone this procedure, with over 6-month

follow-up, during which major weight reduction was

achieved.

Results A significant decrease in BP and glomerular

hyperfiltration was observed, though there was large

variability in GFR estimation using the different

formulae. Gross over and underestimation was

observed which improved with correction for body

size confounders especially lean body weight (LBW).

Postoperatively, significant attenuation in estimated

GFR was demonstrated when LBW or body surface

area-adjusted versions were used. In a subgroup of

patients with chronic kidney disease, a significant

improvement in GFR was seen postoperatively with

the LBW-modified formula but there were again

inconsistencies when using other equations.

Conclusion Though clinicians must be critical in the

application of GFR estimates to patient care, LBW

adjustment appears to be the most practical solution to

its estimation in the obese patients. This is particularly

true for patients with normal renal function but

appears to be also applicable to those with compro-

mised kidney function. Future studies are needed to

compare these equations with a gold standard GFR

measure as well as to explore whether the renal

benefits from bariatric surgery are sustained or seen in

more advanced CKD stages.
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Introduction

It is well documented that obesity is associated with

increased renal plasma flow and glomerular hyperfil-

tration [1–5]. This predisposes to micro- and macro-

albuminuria in obese patients which is the hallmark of

chronic kidney disease [6–10]. Some of the proposed

mechanisms include increased angiotensin II levels

produced by adipose tissue with its well-known effects

on sodium retention and glomerular and systemic

hemodynamics [4, 11, 12]. Additionally, hyperlipid-

emia and hyperinsulinemia, which are commonly

coexistent in obese individuals as well as cytokines

produced by adipocytes referred to as adipocytokines,

all could contribute to hyperfiltration [4, 13, 14].

The quantitation of renal function to uncover

hyperfiltration is clinically important [15], but its

assessment via standard 24-h collection or nuclear

studies is cumbersome or costly; hence, we rely on

estimated glomerular filtration rate (GFR) calculated

from various equations. Though each of these formu-

lae has its own limitations, they can generally be used

fairly reliably in the normal population [16, 17]. In the

obese patients, however, assessing GFR is controver-

sial as none of the standard formulae are reliable and

require correction for body weight confounders [18].

For instance, the Cockcroft–Gault equation has ideal

body weight as an integral component of the calcu-

lation, hence the difficulties with its estimation in the

obese [19]. MDRD and CKD-Epi, on the other hand,

have the tendency to underestimate GFR in obese

individuals [20, 21] and thus require correction for

body surface area. Recently, a new version of the

Cockcroft–Gault formula has come on the horizon

which corrects for lean body weight (CG-LBW) and is

proposed to overcome some of these limitations to

GFR estimation in the obese patients [22, 23].

More importantly, with the advent of bariatric

surgery, significant benefits have been observed in

controlling the cardiovascular risks and metabolic

disorders of obese patients following weight reduction

[24–26]. Nevertheless, its effect on renal parameters is

not yet well determined. It is anticipated, however,

that these would similarly follow suit with an atten-

uation of the hyperfiltration state and consequent

reduction in albumin and protein excretion [27, 28].

This again underscores the importance of GFR

measurement and the reassessment of its course over

time.

This study aimed to assess the impact of bariatric

surgery on renal function in morbidly obese patients.

Specifically, the study intended to compare the different

GFR-estimating formulae in obese individuals at base-

line and 6 months after weight reduction surgery. This

was analyzed in patients with normal renal function as

well as a subgroup with mild renal impairment.

Subjects and methods

A retrospective chart review of 385 patients who had

undergone bariatric surgery at Tawam Hospital

between 2005 and 2010 was undertaken. Two hundred

and twenty adult patients were included in the study,

all of whom had at least 6-month follow-up. The rest

excluded due to incomplete medical records, loss to

follow-up, advanced CKD, chronic nephrotoxic med-

ication use, underlying chronic illness or malignancy.

Demographic and anthropometric data were extracted,

as well as BP measures, serum creatinine and urinary

parameters including albuminuria and proteinuria

(where available), at baseline and 6 months postsur-

gery. Creatinine clearance was calculated as estimated

GFR (eGFR) using the following formulae all with the

appropriate correction for body size confounders:

MDRD4 (IDMS), CKD-Epi equations, and their body

surface area (BSA)-adjusted versions, Cockcroft–

Gault (CG) and Cockcroft–Gault lean body weight-

adjusted formula (CG-LBW). For the subgroup of

patients with chronic kidney disease (CKD I–II),

eGFR was calculated using GC-LBW as well as CKD-

Epi and its BSA-adjusted version, preoperatively and

postoperatively.

Formulae used

MDRD4 ml/min/1:73m2
� �

¼ 175� Scrð Þ�1:154� Ageð Þ�0:203� 0:742 if femaleð Þ
� 1:212 if African Americanð Þ conventional unitsð Þ

where Scr is serum creatinine (mg/dl)

CKD-Epi ml=min =1:73 m2
� �

¼ 141�min Scr/j; 1ð Þa�max Scr/j; 1ð Þ � 1:209

� 0:993Age � 1:018 if female½ � � 1:159 if black½ �

where Scr is serum creatinine (mg/dl), j is 0.7 for

women and 0.9 for men, a is -0.329 for women and
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-0.411 for men, min indicates the minimum of Scr/j
or 1, max indicates the maximum of Scr/j or 1

The adjusted versions were modified to correct for

actual body surface area rather than the standard

1.73 m2

Cockcroft–Gault

CrClMale ¼
140� Ageð Þ � Ideal body weight

SrCr� 72

CrClFemale ¼
140� Ageð Þ � Ideal body weight � 0:85

SrCr� 72

CG corrected for lean body weight (CG-LBW)

CrClMale ¼
140� Ageð Þ � Lean body weight

SrCr� 72

CrClFemale ¼
140� Ageð Þ � Lean body weight � 0:85

SrCr� 72

where lean body weight (LBW) in kg was calculated

as follows:

1:1� TBW� 0:0128� BMI� TBW for males

1:07� TBW� 0:0148� BMI� TBW for females

Study population

Adult patients with morbid obesity (BMI [ 30)

and follow-up at least 6 months postbariatric surgery

were included. The exclusion criteria were incomplete

medical records, loss to follow-up, advanced

CKD stages III–V with estimated GFR \ 60 ml/min,

chronic nephrotoxic medication use, underlying

chronic illness or malignancy.

Statistical analysis

Variables with normal distribution were expressed as

mean ± SD while non-parametric variables as med-

ian. Student’s t test was used for the comparison

between 2 means and Pearson correlation to correlate

different variables with ANOVA test used for multiple

comparisons.

Results

About 145 female and 75 male patients with mean age

of 34.7 ± 10 years underwent weight reduction sur-

gery, with gastric banding in 45, gastric bypass in 59

and sleeve resection in the remaining 116 patients. We

identified 45 patients with dyslipidemia, 41 with mild

CKD, 25 hypertensives and 8 diabetics, 3 of whom

were also hypertensive. Over mean follow-up of

7.2 ± 3 months, a significant weight reduction was

achieved which was associated with a decrease in

systolic and diastolic BP. Baseline and post-op data

are shown in Table 1.

There was a significant drop in serum creatinine

associated with weight loss, as well as a decrease in

BMI and BSA postoperatively which correlated

significantly with the decline in both adjusted CKD-

Epi and MDRD as well as the CG-LBW (P \ 0.001).

This achieved statistical significance at BMI reduction

of at least 40% (4.35 kg ml-2) postsurgery. The lean

body weight, on the other hand, also decreased

postoperatively but did not achieve statistical signif-

icance. Similarly however, it showed a significant

correlation with CG-LBW and adjusted versions of

CKD and MDRD equations (P \ 0.001).

Subgroup analysis

From 220 patients, 41 were found to have mild CKD

with pre-op eGFR 60-90 ml/min. Forty patients were

women and only one man with mean age of 45.15 ± 8

Table 1 Study results for obese patients before and after

bariatric surgery

Baseline Post-op

Weight (kg) 128.6 ± 26 97.6 ± 22*

BMI (kg/m2) 47.0 ± 9 36.12 ± 7*

Male lean weight (kg) 63.1 ± 14 57.9 ± 25

Female lean weight (kg) 57 ± 12 45.9 ± 19

BSA 2.2 ± 0.77 1.8 ± 0.77*

SBP (mm Hg) 132.75 ± 12 121.64 ± 11*

DBP (mm Hg) 78.7 ± 9 71.31 ± 9*

Creatinine (lmol/l) 63.05 ± 14 58.01 ± 13*

CG eGFR (ml/min) 227.05 ± 76 172 ± 65*

CG-LBW (ml/min) 128.67 ± 44 109.6 ± 43*

MDRD4 (ml/min/1.73 m2) 107.8 ± 36 110.7 ± 47

CKD-Epi (ml/min/

1.73 m2)

108.7 ± 27 107.1 ± 37

Adjusted MDRD (ml/min/

BSA)

139.49 ± 66 112.41 ± 73*

Adjusted CKD-Epi

(ml/min/BSA)

127.28 ± 59 110.59 ± 64*

*P value \ 0.05
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years. Seven patients had diabetes and another 7

were hypertensive. After mean follow-up of 7.2 ± 3

months, a significant decrease in weight, BMI and BP

was achieved. Baseline and post-op data are shown in

Table 2.

There was a significant increase in GFR estimation

postoperatively using CG-LBW formula which was

also apparent with the CKD-Epi but disappeared when

corrected for BSA.

Discussion

Hyperfiltration is well described in obese individuals,

typically defined as eGFR [ 120 ml/min, and has been

associated with higher risk of mortality and ESRD [29]

hence the importance of its quantitation. In normal

weight individuals, various equations are available to

estimate GFR, and despite each having its own

limitations, they can generally be used fairly reliably

[16, 17]. In the obese patients, however, assessing GFR

using the standard formulae is not reliable and requires

correction for body weight confounders [18]. These

include lean body weight, ideal body weight, body

surface area, body mass index, fat-free mass, percent

ideal body weight, adjusted body weight and predicted

normal body weight [30]. Though any of these can be

used for body weight correction, there is considerable

variation in GFR estimation using the different

formulae [18–20]. The fat-free mass, lean body weight

and body surface area appear to be the main parameters

requiring correction and might serve as surrogates for

ideal body weight in the obese patients. Though CDK-

Epi has been proposed as the most accurate method for

estimating GFR for diverse populations [31], lean body

weight (LBW) has recently emerged as a preferred

adjustment confounder for total body weight [30] and

might hence overcome some of the limitations to GFR

estimation [22, 23]. This is used with a modified

version of the Cockcroft–Gault formula namely CG-

LBW.

In our study, the correlation in eGFR between the

BSA corrected versions of CKD-EPi and MDRD was

compared to that obtained with CG-LBW estimation.

The expected supernormal GFR was apparent

preoperatively, in estimators which took into account

body size descriptors. This was grossly overestimated

by CG but was attenuated, though still supranormal,

with adjustment for lean body weight. Conversely,

MDRD and CKD-Epi equations failed to show the

expected hyperfiltration which subsequently became

manifest with BSA correction. A strong correlation

was observed for measurements obtained using both

the adjusted MDRD and CKD-Epi and those with CG-

LBW. These might therefore be considered as alterna-

tive options given their less cumbersome calculation.

The performance of each of these GFR estimators

was compared 6 months following bariatric surgery

since it is well documented that in addition to achieving

effective weight loss and improvement in BP [27, 28,

31], it might also decrease glomerular hyperfiltration

[28] and improve renal function [32, 33]. Not surpris-

ingly, postoperatively, significant attenuation in eGFR

was observed using the adjusted BSA versions which

was also seen with the CG-LBW formula. In all three

estimators, there was a decline in GFR to levels below

hyperfiltration cutoffs. Interestingly, the correlation

between BMI and GFR started to become apparent at

BMI reduction of 40% from its baseline pre-op value

suggesting a weight loss threshold.

In the subgroup analysis of patients with early

chronic kidney disease, using CG-LBW formula, a

significant increase in eGFR was seen after bariatric

surgery as shown by recent studies [32, 33]. This was

in contrast to the decrease which occurred in those

with hyperfiltration preoperatively. Improvement in

BP and overall metabolic profile may be partly

responsible; however, firm conclusions cannot be

drawn due to likely confounding effects of changes in

muscle mass and protein intake on serum creatinine as

well as the small sample size and short duration of

Table 2 Results for patient subgroup with CKD before and

after bariatric surgery

Pre Post

Weight (kg) 110.54 ± 18 86.33 ± 17*

BMI (kg/m2) 43.83 ± 8.1 34.04 ± 6.7*

Systolic BP (mm Hg) 132.55 ± 13 120.8 ± 11*

Diastolic BP (mm Hg) 78.71 ± 9.2 72.15 ± 8*

Serum creatinine (lmol/l) 80.32 ± 14 69.6 ± 13*

eGFR CG-LBW (ml/min) 76.26 ± 9 86.63 ± 18*

eGFR CKD-Epi (ml/min) 80.99 ± 18 103.6 ± 19*

eGFR-adjusted CKD-Epi

(ml/min/BSA in m2)

102.25 ± 50 98.02 ± 45

BSA (m2) 1.87 ± 0.8 1.65 ± 0.7*

* P value \ 0.05
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follow-up. Though similar changes were seen with

CKD-Epi-estimated GFR, this is clearly unreliable

without BSA correction. When adjusted, an overesti-

mation of GFR was observed preoperatively with no

significant change post-op which is counterintuitive.

This suggests that the CG-LBW-adjusted formula is

perhaps a better estimator in the absence of a gold

standard measure.

It is important to keep in mind however that the

observed decrease in serum creatinine postoperatively

in both groups is likely related to loss of muscle mass

in addition to low protein intake. This most certainly

plays an important role in the observed GFR changes

and may not necessarily reflect actual alterations in

the underlying renal function. A gold standard GFR

quantitator, such as 24-h creatinine clearance, radio-

isotope assessment or the newer renal biomarkers such

as cystatin C, is needed to confirm our findings. Some

other limitations of our study include its retrospective

nature, relatively small sample size and short duration

of follow-up. In addition, there was inadequate data

for retrieval regarding baseline as well as postopera-

tive clinical and laboratory results including urinary

protein excretion levels.

Conclusions

The results of our study show that bariatric surgery

for obese patients is effective in weight loss and BP

reduction and results in favorable effects on eGFR.

However, significant variation in GFR estimation in

the obese patients exists between methods, which the

clinician must be cognizant of and critical in its

application to patient care. CG-LBW equation appears

to be the most practical solution to its estimation in the

obese patients. This is because lean body weight can

be more reliably assessed as compared with BSA.

However, since the adjusted MDRD and CKD-Epi

correlated well with it, these can be considered as

alternative options given their less cumbersome cal-

culation. Future studies are needed to compare each of

these equations with a gold standard GFR measure.

In the subgroup of patients with mild chronic

kidney disease, using CG-LBW formula, a significant

increase in eGFR was seen after bariatric surgery,

perhaps attributed to improvement in BP and meta-

bolic profile. Whether the renal benefits from bariatric

surgery are real, sustained or seen in more advanced

CKD stages is uncertain. Long-term studies are

needed to explore this further. Nevertheless, in the

absence of a gold standard for eGFR measurement,

CG-LBW appears to be a reasonable estimator in

obese patients with CKD.
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