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Abstract

Background Obesity has a negative impact in kidney health. However, the hallmarks of kidney dysfunction in bariatric
surgery candidates are poorly characterized. To address this knowledge gap, we used a propensity score-matched analysis
to compare kidney lesion biomarkers in bariatric surgery candidates and living kidney donors.

Methods Bariatric surgery candidates attending a single center for obesity treatment were pair-matched for sex and age to
potential living kidney transplant donors (PLKD) using a 1:1 nearest-neighbor approach (N=400, n=200/group). A 24-h
urine collection was used to analyze proteinuria and creatinine clearance.

Results Patients with obesity (PWO) had higher creatinine clearance when compared to PLKD (143.35+45.50 mL/min vs
133.99 +39.06 mL/min, p=0.03), which was underestimated when correction for body surface area (BSA) was used (creati-
nine clearance corrected for BSA of 115.25 +33.63 mL/min/1.73 m? in PWO vs 135.47 +35.56 mL/min/1.73 m” in PLKD).
Proteinuria was also higher in PWO compared to PLKD (139.82 +353.258 mg/day vs 136.35 + 62.24 mg/day, p <0.0001).
Regression analysis showed that creatinine clearance was strongly correlated with proteinuria in PWO (HR 1.522, p=0.005),
but it was less evident in PLKD (HR 0.376, p=0.001).

Conclusion Hyperfiltration and disproportionate proteinuria are frequent in patients with obesity. Since hyperfiltration can
be underestimated by adjusting creatinine clearance for BSA, this should not be used when evaluating kidney function in

bariatric surgery candidates.
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Introduction

Obesity has significant repercussions on kidney health [1].
Obesity leads to the progression of chronic kidney disease
(CKD) irrespective of the underlying etiology and causes
specific kidney disorders, such as obesity-related glomeru-
lopathy [2, 3].

Hyperfiltration, frequently observed in the setting of obe-
sity, is believed to play a significant role in the development
of obesity-related kidney disorders [2]. Other possible kid-
ney lesion pathways include tubulointerstitial dysfunction

Key Points

e Hyperfiltration and disproportionate proteinuria are frequent in
bariatric surgery candidates.

o Creatinine clearance calculations indexed for body surface area
can mask hyperfiltration in patients with obesity.

o Appropriate markers are needed to detect obesity-related kidney
disease in bariatric surgery candidates.
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with excess tubular sodium reabsorption, overactivation of
the renin—angiotensin—aldosterone system, and renal sym-
pathetic nervous system [4-8]. Additionally, adipose tissue-
derived hormones [9] and pro-inflammatory adipokines,
such as leptin, resistin, fetuin-A, angiopoietins, vascular
endothelial growth factor (VEGF), cathepsins, cystatin-C,
and reactive oxygen species (ROS), can also have a nega-
tive impact on kidney function [10]. Free fatty acids (FFAs)
derived from perirenal fat accumulation have been also
shown to damage the kidney cortex and tubules [8, 11].
Altogether, these factors may trigger an adaptative systemic
response favoring ectopic lipid accumulation and fibrogene-
sis that results in tubuloglomerular injury [2, 12—15], similar
to what is observed in the liver [16].

Evaluating kidney function in patients with obesity
(PWO) can be challenging. To account for body size dif-
ferences, estimated glomerular filtration rate (eGFR) for-
mulas usually correct the glomerular filtration value for
body surface area (BSA). However, since eGFR does not
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increase in parallel with adiposity, being rather the end result
of the increase of single nephron filtration, indexing creati-
nine clearance for BSA ends up concealing hyperfiltration
in patients with obesity [17, 18]. This has previously been
demonstrated in a study comparing the performance of 56
formulas based on creatinine and/or cystatin C with meas-
ured GFR [19], suggesting that BSA indexing should gener-
ally be abandoned in PWO.

Living donor kidney transplantation is the best available
treatment for end-stage CKD [20]. Potential living kidney
donor (PLKD) candidates are routinely screened for health
conditions that are contraindications for kidney donation by
living individuals[21]. This process allows to exclude indi-
viduals found to have overt kidney function abnormalities
among an overall healthy population.

In this study, we sought to compare kidney function mark-
ers of individuals with or without obesity recruited among
candidates for bariatric surgery or living kidney donation.
Because sex and age are known to be important determi-
nants of both kidney function and body composition [22,
23], we used propensity matching to identify the individuals
included in the analysis in order to minimize the differences
in baseline characteristics between groups.

Materials and Methods
Patients

This study included patients with obesity (PWO) recruited
among bariatric surgery candidates attending a center for
surgical treatment of obesity between 2019 and 2022 and
another group without obesity recruited among individuals
attending a center for evaluation of living kidney transplant
donors (PLKD) candidates between 2008 and 2019.

In the first group, patients were adults eligible for sur-
gical treatment of obesity with body mass index (BMI)
higher than 40 kg/m? or with BMI higher than 35 kg/m?
in the presence of obesity-related comorbidities. In the
second group, subjects had been validated as living kidney
transplant donors. Criteria to be admitted as a living kid-
ney donor followed the Kidney Disease: Improving Global
Outcomes (KDIGO) 2017 clinical practice guideline for
evaluating living donor candidates [24] and the British
Guidelines for Living Donor Evaluation [25], which are
thoroughly described elsewhere [21]; in particular, obesity
defined by a BMI greater than 30 kg/m? is an exclusion cri-
terion. In addition, the concomitant diagnosis of any type
of diabetes or prediabetes under treatment with metformin,
neoplastic diseases, or acute or chronic inflammatory
conditions was pre-established exclusion criteria for both
study groups. Donors with proteinuria were further evalu-
ated for glomerular pathology and those with confirmed
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proteinuria over 300 mg/day were also excluded. Normal
glycemic status was defined as a glycated hemoglobin
level under 5.7% in the absence of any antidiabetic medi-
cation; prediabetes was defined as a glycated hemoglobin
level between 5.7 and 6.5% and no antidiabetic drugs other
than metformin; diabetes was defined as a glycated hemo-
globin level greater than 6.5% or treatment with two or
more different anti-diabetic drug classes, regardless of the
glycated hemoglobin levels.

Data Acquisition

Data concerning age, gender, body weight, BMI, complete
blood count, serum creatinine, uric acid levels, fasting
glucose, hemoglobin, lipid profile (total cholesterol, LDL
cholesterol, HDL cholesterol, triglycerides), urinalysis,
proteinuria, and indexed and non-indexed creatinine clear-
ance based on a 24-h urine collection were acquired for
each patient. CKD-EPI 2021 Creatinine was used to calcu-
late the estimated glomerular filtration rate (¢GFR) [26].

The study participants were instructed to collect a 24-h
urine on two consecutive days before the blood sampling.
Individuals were given oral and written instructions on
how to perform a 24-h urine collection. Urinary protein
and creatinine concentrations were measured in each col-
lection. The 24-h creatinine clearance rate was calculated
using the measured serum creatinine concentration and the
urine creatinine concentration of the 24-h urine; measure-
ments were calculated both in body surface area (BSA)-
indexed and non-indexed forms [27].

Participants were categorized into clinically significant
levels of proteinuria (higher or lower than 150 mg/24 h)
as defined by the KDIGO guidelines [28]. A threshold of
creatinine clearance of 140 mL/min was used to classify
patients as having significant hyperfiltration [17].

The study protocol was reviewed and approved by the
ethical committees and institutional review boards of both
hospital institutions (approvals no. CA-014/20-Ot_MP/
CC and 147-21(119-DEFI/122-CE) in accordance with
the recommendations of the Declaration of Helsinki and
European Data Protection Regulations.

Propensity Matching

The XLSTAT extension of Microsoft Excel was used to
perform a propensity matching between members of both
groups according to sex and age. The original data set had
238 individuals in the PWO group and 365 individuals
in the PLKD group. One-to-one matching was performed
using the Mahalanobis distance technique.
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Statistical Analysis

All data presented are expressed as mean + standard devia-
tion (SD), unless otherwise specified. The Shapiro—Wilk
test was used to determine the normality of the groups.
A comparison of independent groups was carried out by
using either an unpaired #-test or a Mann—Whitney U test,
depending on the normality. To compare 2 or more nominal
variables, we used a y2 test. To assess relative risk increase/
adjusted odds ratios a linear or a binary logistic regression,
depending on the variable’s type, was employed using SPSS
version 28.0, either by using single or combined variables.
The prediction power of different parameters was evaluated
using the receiver operating characteristic (ROC) curve.
The area under the ROC curve (AUC) was used to measure
how well a marker can predict outcome measures. Based on
the AUC, the test was considered excellent between 0.90
and 1.00, good between 0.80 and 0.90, fair between 0.70
and 0.80, and poor between 0.60 and 0.70, and the test was
considered to have failed if the value was below 0.60. A p-
value < 0.05 was considered statistically significant. Statisti-
cal analysis was carried out using GraphPad (Prism; Version
8.0.1) and SPSS (IBM; Version 28.0) for Windows.

Results

Propensity matching returned 200 individuals in each study
group of PWO and PLKD, yielding a final population of
400 individuals. Clinical and biochemical characteristics of
the participants are depicted in Table 1. Variables related
to kidney function are presented in Table 2. BMI was sig-
nificantly different between groups (41.70 +5.32 kg/m? in
PWO vs 24.91 +3.32 kg/m? in PLKD; p <0.0001) (Table 1).

Average serum creatinine was not significantly differ-
ent between groups. Creatinine clearance was higher than
140 mL/min in 99 patients (49.5%) in the group of PWO and
only in 78 patients (39%) in the group of PLKD (p <0.05).
Adjustment of creatinine clearance to BSA underestimated
hyperfiltration in the PWO group. Estimation of glomerular
filtration rate (eGFR) using CKD-EPI 2021 Creatinine miti-
gated the differences between groups and resulted in average
values that were no longer significantly different between
groups, with no patient showing eGFR higher than 140 mL/
min/1.73 m? in either of the groups (Table 2).

Although average proteinuria levels were higher in
PWO, 38.5% of PLKD presented proteinuria higher than
150 mg/day. This difference was made more evident after
filtering for patients with proteinuria higher than 150 mg/
day, which the average proteinuria was higher in PWO
(329.58 +719.65 mg/day vs 199.18 +50.74 mg/day in
PLKD). Figure 1 shows the distribution of patients accord-
ing to proteinuria and creatinine clearance not corrected for

Table 1 Clinical and biochemical characteristics in each study group.
Results are presented as mean + standard deviation (SD)

PWO PLKD p-value

BMI (kg/m?) 41.70+£5.32 2491+3.32 <0.0001
Age (years) 41.93+11.40 43.81+10.18 0.084
Female, n (%) 161 (80.5) 156 (78.0) 0.622
Uric acid (mg/dL) 5.59+£1.32 421+1.22 <0.0001
Glucose (mg/dL) 92.20+11.65 84.59+8.52 <0.0001
Hemoglobin (g/dL) 13.81+£1.15 13.72+120  0.20
Total cholesterol (mg/ 193.82+36.07 189.48+37.83 0.31

dL)
Triglycerides (mg/dL) 125.17+£62.48 93.40+50.45 <0.0001
HDL cholesterol (mg/ 49.13+1091 62.98+16.17 <0.0001

dL)
LDL cholesterol (mg/dL) 133.22+36.22 109.81+31.74 <0.0001
Lipid-lowering therapy, 18 (9.0) 20 (10.0) 0.864

n (%)
ACEIi/ARB, n (%) 25 (12.5) 22 (11.0) 0.756

Abbreviations: PWO patient with obesity, PLKD potential living kid-
ney donors, BMI body mass index, HDL high-density lipoprotein,
LDL low-density lipoprotein, ACEi angiotensin converting enzyme
inhibitors, ARB angiotensin receptor blockers

BSA, documenting that for lower levels of creatinine clear-
ance, in PLKD, there is a pattern of proteinuria that ranges
within mild figures, while in PWO, higher proteinuria levels
are linked to higher creatinine clearance levels.

Logistic regression using proteinuria either as a continu-
ous variable (Table 3) or as a categoric variable (higher or
lower than 150 mg/day) (Table 4) showed that creatinine
clearance had a significant impact on proteinuria in PWO
(HR 1.522, p<0.05 and HR 1.014, p <0.05, respectively). In
PLKD, creatinine clearance also showed to impact proteinu-
ria as a continuous variable, but with a lower strength (HR
0.376, p<0.05) (Table 3), and as a categoric variable (higher
or lower than 150 mg/day) (HR 1.015, p <0.05) (Table 4).

ROC analysis showed creatinine clearance adjusted and
unadjusted for BSA had a significant predictive capacity for
proteinuria (AUC 0.630, p <0.05 and AUC 0.660, p <0.05,
respectively), while BMI was not predictive for proteinuria
level.

Discussion

In this work, we sought to identify the biomarkers that
characterize obesity-related kidney disease. For this, we
compared a group of PWO candidates for bariatric surgery
with a group of PLKD candidates without obesity, expect-
edly devoid of clinically relevant health conditions known
to impact kidney function, and therefore used as a control.
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Table 2 Kidney function
variables in each study group.
Results are presented as

mean =+ standard deviation (SD)

PWO PLKD p-value
Serum creatinine (mg/dL) 0.76 +£0.13 0.72+0.15 <0.0001
Proteinuria (mg/day) 139.82+353.26 136.35+62.24 <0.0001
Proteinuria> 150 mg/day, n (%) 44 (22) 77 (38.5) 0.0005
CrCIl/BSA (mL/min) 115.25+33.63 135.47+35.56 <0.0001
CrCl/BSA > 140 mL/min, n (%) 41 (20.5) 75 (37.5) 0.0003
CrCl (mL/min) 143.35+45.50 133.99+39.06 0.0305
CICr> 140 mL/min, n (%) 99 (49.5) 78 (39) 0.0439
eGFR (mL/min/1.73 m?) 105.43 +£14.09 106.49 +13.63 0.2844
eGFR > 100 mL/min/1.73 m?, n (%) 138 (69) 149 (74.5) 0.267

Abbreviations: PWO patient with obesity, PLKD potential living kidney donors, CrCl creatinine clearance,
BSA body surface area, eGFR estimated glomerular filtration rate

Fig. 1 Distribution of patients
according to the level of pro-
teinuria and creatinine clearance
(red circles, PWO; blue circles,

PLKD) 600,00 |

400,00 |

Proteinuria (mg/day)

200,00 |

100,00

PLKD
PWO

200,00 300,00 400,00

Creatinine Clearance (mL/min)

Important methodological issues were considered. Firstly,
patients were matched according to age and sex, two vari-
ables that are known to have a significant impact in glomeru-
lar filtration rate and proteinuria levels [22, 29]. Moreover,
there are significant differences in body composition inher-
ent to age and sex [23, 30], to which this pair-matching also
answers. Secondly, measurements were based on a 24-h
urine collection. Creatinine clearance was evaluated with
and without indexing for BSA, to ascertain the impact of
the systematic underestimation of glomerular filtration rate
(GFR) that happens with BSA indexing, which affects par-
ticularly patients with obesity [17, 18]. Finally, the fact that
patients with diabetes or any inflammatory disease were
excluded from the study allowed us to reduce the chances
of bias due to potential kidney alterations associated not
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with obesity but with diabetic kidney disease or inflamma-
tory etiologies.

The proportion of individuals with creatinine clearance
greater than 140 mL/min and average creatinine clearance
were significantly higher in PWO compared to PLKD.
Unsurprisingly, since obesity is characterized by increased
renal plasma flow, glomerular filtration rate, and filtration
fraction [31-33]. Noticeably, indexing creatinine clearance
for BSA inverted these results: the proportion of patients
with filtration rates greater than 140 mL/min was lower in
PWO compared to PLKD and average creatinine clearance
corrected for BSA was lower in PWO. Measurements of
GFR such as creatinine clearance are commonly corrected
for BSA to account for differences in body size. However, in
PWO, this has shown to lead to a systematic underestimation
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Table 3 Univariate analysis using proteinuria as a continuous vari-
able as an outcome

Proteinuria
Univariate p-value
HR (95% CI)
PLKD
Uric acid (mg/dL) —5.653 (—13.640t02,334)  0.164
Hemoglobin (g/dL) —3.800 (—11.316t0 3.716)  0.320
Glucose (mg/dL) —0.434 (- 1.328 t0 0.461) 0.340
Total cholesterol (mg/dL) 0.006 (—0.228 to 0.241) 0.959
Triglycerides (mg/dL) —0.061 (-0.237 to 0.115) 0.496
HDL cholesterol (mg/dL) —0.098 (—0.729 to 0.533) 0.760
LDL cholesterol (mg/dL) 0.118 (—0.200 to 0.436) 0.465

Serum creatinine (mg/dL) —20.217 (—76.885 to 36.451) 0.483

Age (years) 0.033 (—0.824 to 0.890) 0.940
BMI (kg/m?) 1.746 (—0.869 to 4.361) 0.190
CrCIl/BSA (mL/min) 0.377 (0.138-0.617) 0.002
CrCl (mL/min) 0.376 (0.159-0.593) 0.001
eGFR (mL/min/1.73 m?)  0.077 (—=0.563 to 0.717) 0.812
PWO
Uric acid (mg/dL) —6.143 (—43.726 t0 31.440) 0.748
Hemoglobin (g/dL) 4.621 (—38.390 to 47.632) 0.832
Glucose (mg/dL) —1.197 (- 5.442 t0 3.048) 0.579
Total cholesterol (mg/dL) 0.078 (—1.294 to 1.451) 0.910
Triglycerides (mg/dL) 0.013 (—0.783 to 0.809) 0.974
HDL cholesterol (mg/dL) 0.191 (—4.348 to 4.729) 0.934
LDL cholesterol (mg/dL) 0.217 (— 1.150 to 1.583) 0.755
Serum creatinine (mg/dL) —205.075 (—585.053 to 0.288
174.903)
Age (years) —2.816 (=7.139 to 1.507) 0.200
BMI (kg/m?) 2.645 (—6.654 to 11.944) 0.575
CrCl/BSA (mL/min) 1.887 (0.439-3.335) 0.011
CrCl (mL/min) 1.522 (0.455-2.589) 0.005
eGFR (mL/min/1.73 m?)  3.112 (- 0.376 to 6.599) 0.080

Abbreviations: PWO patient with obesity, PLKD potential living kid-
ney donors, BMI body mass index, HDL high-density lipoprotein,
LDL low-density lipoprotein, CrCl creatinine clearance, BSA body
surface area, eGFR estimated glomerular filtration rate

Data in bold emphasis indicates a statistically significant p-value

of GFR [18, 34, 35], because GFR does not increase in par-
allel to adiposity, but is rather a result of single nephron
filtration increase [17-19]. The higher the BMIs the more
significant the masking effect of indexing creatinine clear-
ance for BSA, resulting in a misleading creatinine clearance
value, lower in PWO. Therefore, our study further reinforces
the need to abandon the use of eGFR calculations that use
standardization for BSA in the setting of obesity. Differences
between measured creatinine clearance and eGFR calculated
using CKD-EPI-Creatinine 2021 also became apparent in
our study. Average values of eGFR were significantly below

the value of measured creatinine clearance for both groups,
mitigating the differences between groups. The CKD-EPI
Creatinine equation is based on sex, age, and serum creati-
nine and has been shown to significantly overestimate the
presence of chronic kidney disease and underestimate the
rate of hyperfiltration in the population with obesity [36].
This has motivated to attempts to the development of new
eGFR equation models to be specifically applied in PWO
[37].

Average proteinuria was also significantly higher among
PWO, a difference which was even more striking when
only proteinuria greater than 150 mg/day was considered.
Proteinuria is a characteristic feature of obesity-related glo-
merulopathy [2]. Additionally, adiposity was shown to cor-
relate with protein excretion [38, 39]. Indeed, in a recent
cross-sectional study with more than 400,000 people from
the UK Biobank, for each BMI increment of 5 kg/mz, the
odds of a higher albuminuria category were 47% greater
[40]. Unexpectedly, although the magnitude proteinuria was
lower, the number of individuals with clinically significant
proteinuria was greater in PLKD (Table 2). Although this
is not quite surprising, since low levels of proteinuria may
be acceptable in PLDK, kidney donation in the presence
of borderline medical abnormalities is being increasingly
accepted [41-43]. Several factors have been appointed as the
culprits for proteinuria in PWO [44]. One of the major deter-
minants shown to impact on proteinuria is hyperfiltration [8,
45, 46]. Our logistic regression model showed that creatinine
clearance positively impacted on the levels of proteinuria in
PWO, but to a lower extent in PLKD (Table 3). This effect
was observed even when creatinine clearance was corrected
for BSA in both groups. This is a significant finding, as it
suggests that in PWO hyperfiltration is disproportionately
detrimental to the glomerular barrier, translating in greater
proteinuria as compared to individuals of the control group
with similar hyperfiltration, suggesting that in the presence
of obesity, the mechanisms leading to proteinuria might dif-
fer. Thus, obesity may favor pathophysiological pathways
that translate into glomerular protein loss in the setting of
hyperfiltration. Indeed, besides modifying glomerular hemo-
dynamics, several other obesity-specific kidney lesion path-
ways have been described [47, 48]. A detailed evaluation of
the albumin-to-protein ratio [49-51] and proteomic analysis
could be valuable to distinguish between glomerular versus
tubular proteinuria and differentiate lesion pathways[52].

Of particular notice, neither cholesterol nor serum uric
acid was shown to significantly affect proteinuria in any of
the groups, in contrast to what other authors have shown
[53, 54],

This study harbors some limitations to acknowledge.
The cross-sectional nature of our study is an inherent limi-
tation. The analysis would be greatly enriched with follow-
up of these patients, possibly providing new insights about
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Table 4 Univariate and

S . . Univariate Multivariate

multivariate analysis using

proteinuria as a categoric HR (95% CI) p-value HR (95% CI) p-value

variable (higher or lower than

140 mL/min) as an outcome PLKD
Uric acid (mg/dL) 0.795 (0.596-1.060) 0.795 - -
Hemoglobin (g/dL) 0.898 (0.700-1.151) 0.396 - -
Glucose (mg/dL) 0.977 (0.945-1.010) 0.167 - -
Total cholesterol (mg/dL) 0.999 (0.992-1.007) 0.885 - -
Triglycerides (mg/dL) 0.997 (0.991-1.003) 0.437 - -
HDL cholesterol (mg/dL) 1.005 (0.985-1.026) 0.635 - -
LDL cholesterol (mg/dL) 1.002 (0.992-1.012) 0.703 - -
Serum creatinine (mg/dL) 0.139 (0.020-0.984) 0.048 0.294 (0.038-2.260)° 0.294°

0.199 (0.027-1.465)" 0.133*
Age (years) 0.998 (0.971-1.027) 0.898 - -
BMI (kg/m?) 1.066 (0.978-1.163) 0.144 - -
CrCl/BSA (mL/min) 1.014 (1.005-1.023) 0.001 1.013 (1.004-1.022)* 0.005°
CrCl (mL/min) 1.015 (1.007-1.024) 0.000 1.015 (1.006-1.023)* 0.001°
eGFR (mL/min/1.73 m?) 1.011 (0.990-1.033) 0.313 - -
PWO

Uric acid (mg/dL) 1.186 (0.925-1.522) 0.179
Hemoglobin (g/dL) 1.228 (0.921-1.637) 0.162
Glucose (mg/dL) 1.014 (0.986-1.042) 0.340
Total cholesterol (mg/dL) 1.002 (0.993-1.011) 0.657
Triglycerides (mg/dL) 1.003 (0.998-1.009) 0.185
HDL cholesterol (mg/dL) 0.973 (0.941-1.006) 0.104
LDL cholesterol (mg/dL) 1.002 (0.993-1.011) 0.646
Serum creatinine (mg/dL) 2.651 (0.242-28.997) 0.424
Age (years) 1.003 (0.974-1.033) 0.821
BMI (kg/m?) 1.025 (0.965-1.089) 0.417
CrCl/BSA (mL/min) 1.019 (1.008-1.031) 0.001
CrCl (mL/min) 1.014 (1.006-1.022) 0.001
eGFR (mL/min/1.73 m?) 1.011 (0.986-1.036) 0.404

$Adjusted to CrCI/BSA values
#Adjusted to CrCl levels

§Adjusted to serum creatinine levels

Abbreviations: PWO patient with obesity, PLKD potential living kidney donors, BMI body mass index,
HDL high-density lipoprotein, LDL low-density lipoprotein, CrCl creatinine clearance, BSA body surface
area, eGFR estimated glomerular filtration rate

Data in bold emphasis indicates a statistically significant p-value

particularities in the pathophysiology of obesity-related kid-
ney disease. Additionally, measurements of albuminuria and
other urinary proteins could be valuable to better character-
ize kidney dysfunction and evaluate specific pathways of
the lesion. Notwithstanding, our study has several important
strengths. The fact that we used propensity analysis to min-
imize differences in baseline characteristics between both
groups and had access to a large number of patients allowed
us enough power to depict robust statistical differences. Fur-
thermore, we evaluated kidney function using a 24-h urine
collection and analyzed creatinine clearance using indexed
and non-indexed values.
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In conclusion, glomerular hyperfiltration and dispropor-
tionate proteinuria are the hallmarks of obesity-related kid-
ney dysfunction. Given the prevalence of kidney disorders
and the challenges of kidney function assessment in obesity,
our study suggests that proteinuria should be routinely evalu-
ated in bariatric surgery candidates.
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