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Abstract

Background Obesity is an important health issue, the preva-
lence of which is increasing in childhood. The aim of this
study was to examine urinary renal injury markers in order to
determine the renal effect of obesity and its comorbidities in a
pediatric population.

Methods Eighty-four obese children and 64 healthy control
subjects were enrolled in the study. We checked their urine
using N-acetyl-beta-D-glucosaminidase (NAG), neutrophil
gelatinase-associated lipocalin (NGAL), kidney injury
molecule-1 (KIM-1), and microalbumin as renal injury
markers. Associations of renal damage markers with hyper-
tension, an impaired glucose tolerance test, and insulin resis-
tance were assessed.

Results Obese individuals had higher urinary NAG and KIM-
1 values compared to those of healthy controls (p=0.027,
p=0.026). There was no difference in urinary NGAL between
obese and lean subjects (p=0.885). Urinary renal injury
markers were not statistically different in the obese group
when checked for impaired glucose tolerance, insulin resis-
tance, and hypertension (p>0.05).
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renal damage in obese children.

Keywords Obesity - N-acetyl-beta-D-glucosaminidase -
Neutrophil gelatinase-associated lipocalcin - Kidney injury
molecule-1 - Children

Introduction

Childhood obesity has become a global epidemic and is
related to essential hypertension and type 2 diabetes mellitus
(DM), the most important causes of end-stage renal disease
[1]. With the increase in obesity, the prevalence of end-stage
renal disease has also risen dramatically in the last decade [2].
One screening method used to identify high-risk patients is
detection of microalbuminuria, which has been defined as an
early predictor of hypertensive or diabetic nephropathy [3, 4].
Urinary albumin excretion is primarily a result of glomerular
damage, but renal tubular injury and dysfunction also plays a
critical role in the early increase of albumin in the urine.
Recent studies indicate a growing interest regarding the con-
tribution of renal tubulointerstitium in the pathophysiology of
diabetic nephropathy. Reports in the literature show that tubu-
lar changes such as hypertrophy, reduced ion transport, and
thickening of the basement membrane are already apparent
before the onset of proteinuria [5, 6].

Proximal tubular cells are vulnerable to various metabolic
and hemodynamic factors. Urinary enzymes are used to assess
renal tubular injury [7-11]. One of the most commonly used
markers is N-acetyl-beta-D-glucosaminidase (NAG), a lyso-
somal enzyme found in many tissue types. Its high molecular
weight prevents it from passing into the glomerular ultrafil-
trate and expressed urinary NAG has a renal proximal tubular
origin. Urinary NAG is used to determine the extent of tubular
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damage caused by proteinuria, nephrolithiasis, hyperglyce-
mia, kidney transplants, and nephrotoxic drugs [9-11].

In recent years, neutrophil gelatinase-associated lipocalcin
(NGAL) and kidney injury molecule-1 (KIM-1) have
emerged as promising biomarkers of acute and chronic renal
injury. NGAL is a small protein belonging to the lipocalcin
family and KIM-1 is a type 1 cell membrane glycoprotein.
Levels of both increase in response to renal proximal tubular
cell injury. These tubular damage markers have been exten-
sively used to assess proteinuric, toxic, and ischemic kidney
diseases [7, 8, 12—14].

We performed a cross-sectional study to determine the levels
of these tubular markers in obese children and healthy controls.
We also investigated the correlation between the renal injury
markers NAG, NGAL, and KIM-1, and comorbidities of obe-
sity including insulin resistance, impaired glucose tolerance,
and hypertension. In addition, serum and urine electrolytes and
microalbuminuria were checked. We specifically focused on a
pediatric population to determine early renal effects of obesity.
Identifying these early markers may help to assist in determin-
ing high-risk individuals and point to specific interventions to
delay or prevent the development of nephropathy.

Materials and methods

The study group consisted of 84 obese individuals who were
recruited from the endocrinology outpatient clinic whose ages
ranged from 4 to 16 years (mean, 11.73+2.3). Obesity is based
on a body mass index (BMI) equal to or greater than the 95th
percentile for gender and age, BMI %, and BMI standard
deviation [15]. Children whose obesity was the result of a
syndromal problem (Prader Willi, Laurence-Moon Biedle
syndrome, etc.) were excluded, as were those whose obesity
had an endocrinal cause such as Cushing’s syndrome or
hypothyroidism. Those with systemic disease including liver
disease, malignancy, drug use, etc., were also excluded.
Standing height was measured to the nearest 0.1 cm with a
Harpenden fixed stadiometer. Body weight (kg) was measured
on a SECA balance scale to the nearest 0.1 kg, with each
subject dressed in a light T-shirt and shorts. BMI was calcu-
lated by dividing weight in kilograms by height in meters
squared (kg/m?). The control group consisted of 64 age- and
gender-matched lean, normotensive healthy children who
were recruited from the pediatric outpatient clinic of the same
hospital and who were free of acute or chronic inflammatory
illnesses. Both study and control groups were randomly se-
lected. Fresh second-morning urine samples were collected in
order to assess urine phosphorus, sodium, calcium, creatinine,
albumin, NAG, NGAL, and KIM 1. Also at the same time,
blood samples were collected for use in measuring fasting
glucose, insulin, phosphorus, sodium, and creatinine. All tests
were measured within 4 h of the sample collections, except for
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Table 1 Clinical characteristics of obese patients and the non-obese
control group

Obese Non-obese p values
(n=84) (n=64)
Gender (M/F)* 46/38 39/27 0.723
Age (years) 1173423 11384229  0.398
Weight (kg) 70.76£20.16  38.61+11.09  <0.001
Systolic BP** (mmHg) ~ 125.45+20.07  84.64+26.78  <0.001
Diastolic BP** (mmHg)  77.27+10.56 59.29+18.79  <0.001

*M/F: male/female, **BP: blood pressure

urinary NAG, NGAL, and KIM-1, where urine samples were
centrifuged (3,000 rpm for 10 min) and stored at —80 °C until
measurement. Estimated glomerular filtration rate (GFR) was
calculated according to the Schwartz formula [16]. The fraction-
al excretion of sodium (FEy,) and tubular phosphorus reabsorp-
tion ratio (TPR) were calculated with standard formulas.

Oral glucose tolerance tests (OGTT) were performed on 37
obese children following overnight fasting of 1214 h. After
subjects ingested a simple carbohydrate solution equivalent to
75 g glucose, blood samples were obtained at 0, 30, 60, and
120 min. Impaired glucose tolerance was defined according to
WHO criteria, i.e., a condition in which fasting blood glucose
levels in venous plasma drop to <140 mg/dl and 2 h later
glucose administration is maintained between 140 and
200 mg/dl [17]. Insulin resistance was estimated from fasting
plasma measurements using HOMA-IR (insulin (mU/l) x

Table 2 Biochemical data of obese patients and the non-obese control
group

Non-obese Obese p values

(n=64) (n=84)
Scr (mg/dl) 0.53+0.12 0.57+0.10 0.062
SnNa (meq/l) 139.0+8.54 140.3+1.75 0.183
Sp (mg/dl) 4.7+0.57 4.72+0.84 0.962
CCr (ml/min/1.73 m?) 146.66+30.76 152.22423.94  0.490
Fena (%) 0.48+0.36 0.59+0.47 0.190
TRP (%) 93.87+4.12 94.77+3.92 0.174
Ucwer 0.072+0.074 0.091+£0.096  0.255
Udensity 1,006.25+127.92 1,019.31+7.74 0.363
Urine microalb/cr (mg/g) 11.22+8.92 13.49+4731  0.740
Unag/rer (U/g creatinine)  11.91£6.0 17.39+19.9 0.027
Uncavcr (ng/mg) 191.51£101.55  195.66+205.57 0.885
Ukmi/cr 1g/mg) 0.56+0.29 0.87+1.16 0.026

Scr: serum creatinine, Sy,: serum sodium, Sp: serum phosphorus, CCr
creatinine clearance, Fey,: fractional excretion of sodium, TRP: tubular
phosphorus reabsorption rate, Uc,c;: urine calcium/creatinine ratio,
Udensity: urine density, urine microalb/cr: urine microalbumin/creatinine
ratio, Unag/cr: urine N-acetyl-beta-D-glucosaminidase /creatinine,
Uncavcr: urine neutrophil gelatinase-associated lipocalcin /creatinine,
Uxkimi/cr: urine kidney injury molecule-1 /creatinine
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Fig. 1 Comparison of urinary
N-acetyl-beta-D-glucosaminidase
(NAG) levels between study
group and control group
(p=0.027)
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glucose (mmol/1)/22.5) [18]. Insulin resistance criteria were
HOMA-IR >2.5 for prepubertal children and HOMA-IR >4.0
for adolescents [19]. Hypertension was defined as blood pres-
sure above the 95th percentile for age and height according to
the National Health and Nutrition Examination Survey [20].

Urinary NGAL and KIM-1 were measured by ELISA
methods (Aviscera Bioscience, Santa Clara, CA, USA) and
the intra-assay precision was 4—6 and 4-8 %, respectively. The
results are expressed as ng/mg creatinine. Urinary NAG was
analyzed using the photometric method (Diazyme Labs, USA
with autoanalyzer, Cobbas 8000) with results expressed as
U/g creatinine. Urinary enzyme levels could be affected by
urine flow rate, so in order to minimize this effect, the level of
enzymuria is expressed as the ratio of enzyme activity to
urinary creatinine level.

Clinical characteristics are presented as mean + standard
deviation (SD). Comparison between groups was performed
using Student’s ¢ tests and between subgroups with Mann—
Whitney U tests. A p value of <0.05 was regarded as signif-
icant. Categorical data were evaluated using the Chi-square
test. Pearson’s correlation coefficient analysis was used for
comparing biochemical variables. All statistics were per-
formed using the IBM SPSS statistics 17.0 software program.
The study was approved by the hospital ethics committee and
informed consent was obtained from all subjects and their
parents before the start of the study.

Results

The clinical and biochemical data of obese and control sub-
jects are summarized in Tables 1 and 2, respectively. The two

T T
Control Obese

groups were well matched in terms of age and gender
(»=0.398 and p=0.723, respectively), but systolic and dia-
stolic blood pressures were significantly higher in the obese
group (»<0.001). Serum creatinine values were all within
normal limits and all patients had normal GFR according to
the Schwartz formula. Fasting glucose levels were <126 mg/dl
and second-hour glucose levels were <200 mg/dl.

Obese subjects had significantly higher urinary NAG/Cr
(17.39£19.9 vs. 11.91+£6.0 U/g creatinine, p=0.027) and
urinary KIM1/Cr (0.87+1.16 vs. 0.56+0.29 ng/mg creatinine,
p=0.026) compared with the lean subjects, however no signif-
icant difference was found in urinary NGAL/Cr values between
the two groups (195.66+£205.57 vs. 191.51£101.55 ng/mg
creatinine, p>0.05) (Figs. 1 and 2). No statistically significant
differences were found in serum creatinine, sodium, phospho-
rus, GFR, FEy,, TPR, urine calcium/creatinine ratio,
NGAL/creatinine, and urine microalbumin/creatinine (Table 2).

In the study group, 78 subjects had HOMA-IR values and
59 of them had insulin resistance (HOMA-IR mean + SD=6.4
+3.9). Among these obese subjects, seven had impaired glu-
cose tolerance. Those with impaired glucose tolerance did not
have significantly higher urinary NAG/Cr (22.8+£21.7 vs.
16.15+£13.71 U/g creatinine, p=0.252), NGAL/Cr (249.94+
238.38 vs. 175.21+116.37 ng/mg creatinine, p=0.509) and
KIM-1/Cr (1.05+1.11 vs. 0.80+0.58 ng/mg creatinine) com-
pared to those with a normal glucose tolerance test.

Renal injury markers of obese patients with or without
insulin resistance were compared and no significant differ-
ences were found in urinary NAG/Cr (17.18+21.44 vs. 15.78
+14.57 U/g creatinine, p=0.798), NGAL/Cr (189.27+215.47
vs. 182.49+165.33 ng/mg creatinine, p=0.904) and KIM-1/
Cr (0.88+1.29 vs. 0.74+0.72 ng/mg creatinine, p=0.653).

Fig. 2 Comparison of urinary
kidney injury molecule-1 (KIM-1) 60+
levels between study group and
control group (p=0.026)
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Table 3 Blood pressure (BP) percentiles of obese and control subjects and urinary markers according to BP levels

Non-obese (n = 64) Obese (n = 84) U nag/cr (U/g creatinine)
non-obese/obese

U nGaver V(ng/mg creatinine)
Non-obese/obese

U kmvi/cr (ng/mg creatinine)
Non-obese/obese

<50.p 56 (87.5 %) 3 (3.5 %) 11.79+6.42/ 10.94+4.23  186.57+106.04/ 175.44+106.63 0.55+0.31/0.74+0.25
50-90.p 8 (12.5 %) 43 (51.1 %) 12.72+0.82/ 15.43+12.74 224.91+57.13/ 181.38+148.47  0.58+0.17/ 0.76+0.64
Prehypertensive* 0 (0 %) 12 (14.2 %) 12.43+7.63 —/158.91+81.59 —/0.66+0.40
Stage | hypertension** 0 (0 %) 6 (7.1 %) 11.826.15 /140.05+29.35 /0.63%0.39
Stage 2 hypertension*** 0 (0 %) 20 (23.8 %) 23.19+32.70 —/241.074+331.96 —/1.21£2.04

*BP levels that are between 90th and 95th percentile

**BP levels that range from 95th percentile to 5 mmHg above the 99th percentile

***BP levels that are above the 99th percentile

Urinary NAG/Cr, NGAL/Cr, and KIM-1/Cr did not corre-
late with fasting blood glucose level or 120-min glucose levels
in the OGTT (p>0.05). Urinary NAG/Cr, NGAL/Cr, and
KIM-1/Cr correlated well with each other (p<0.005).

In the obese subjects, 30.9 % (n=26) of them were hyper-
tensive; 7.1 % (n=6) were found to be in stage 1 (BP levels
range from the 95th percentile to 5 mmHg above the 99th
percentile) and 23.8 % (n=20) were found to be in stage 2 (BP
levels more than 5 mmHg above the 99th percentile), as well
as 14.2 % (n=12) who were prehypertensive (BP levels
between 90th and 95th percentile) (Table 3). Urinary injury
markers in different categories of hypertension are also pre-
sented in Table 3. When we compared obese subjects with
lean controls, blood pressure percentiles were significantly
higher in obese subjects (p<0.001).

We also analyzed obese subjects for effects of hypertension
on urinary injury markers. Obese subjects with hypertension
did not have significantly higher urinary NAG/Cr (21.04+
29.36 vs. 15.19+12.63 U/g creatinine, p=0.323), NGAL/Cr
(222.36+296.06 vs. 184.60+138.95 ng/mg creatinine, p=
0.528) or KIM-1/Cr (1.09£1.83 vs. 0.73£0.57 ng/mg creati-
nine, p=0.301) compared to obese patients with normal blood
pressure (Table 4).

Discussion

As many as 250 million people worldwide are obese. It is a
consequence of increasingly sedentary lifestyles and more
energy-dense diets [21]. In Turkey, obesity and overweight
prevalence studies have been done in different parts of the
country, with results ranging between 1.6 and 8.9 % and 8.3
and 11.1 % [22-25]. In the second half of the 20th century, the
obvious increase of type 2 DM correlates with the growing
prevalence of obesity that now affects 6 % of the world’s
population [26, 27]. Excess weight gain accounts for as much
as 65-75 % of the risk for essential hypertension [28].
Diabetes and hypertension both increase the risk of end-
stage renal disease [1, 2, 28].
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Nowadays, an increasingly popular hypothesis is that a
tubular phase of diabetic disease precedes the manifestations
of classic glomerular lesions. Several biomarkers have been
used to support this hypothesis [29-33], urinary NAG being
the most relevant parameter, but urinary NGAL and KIM-1
have also been studied [12, 29, 31, 32]. A recent study
conducted by Savino et al. [34] revealed that serum and
urinary nitric oxide—an important modulator of renal func-
tion and morphology—and its metabolites (nitrite and nitrate)
were significantly lower, and urinary PGF-2« (an oxidative
stress marker) was significantly higher, in obese children and
adolescents compared with lean age- and gender-matched
subjects.

In our study, we wanted to determine if renal tubular
damage starts before the development of diabetes and diabetic
nephropathy. We showed that urinary NAG and KIM-1 were
elevated in obese children compared to those markers in lean
age- and gender-matched controls. No patients in the study
group had microalbuminuria or diabetes.

To understand how diabetes causes renal tubular damage
without microalbuminuria, its relationship with blood glucose
levels was investigated. Recent studies in adults have revealed
that urinary NAG is found to correlate with blood glucose
levels, and decreases to normal levels when the blood glucose
level is well controlled [35, 36]. Fujita et al. [31] have shown
that NAG is elevated in patients with impaired glucose

Table 4 Urinary injury parameters of obese subjects with or without
hypertension

Obese—normotensive ~ Obese—hypertensive  p value
(n=58) (n = 26)
Unacicr 15.19+12.63 21.04+29.36 0.323
Uncavcer  184.60+138.95 222.364296.06 0.528
Ukmier  0.73£0.57 1.09+1.83 0.301

Unag/cr: urine  N-acetyl-beta-D-glucosaminidase/creatinine, Ungar/cr:
urine neutrophil gelatinase-associated lipocalcin /creatinine, Ugpy/cy:
urine kidney injury molecule-1 /creatinine
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tolerance, a preliminary state of diabetes. Among patients with
impaired glucose tolerance test, 19-61 % proceed to DM
within 5-10 years [37]. Kordonouri et al. [29] demonstrated
that NAG is correlated with HbA . and that tubular enzymuria
is more prevalent in patients with poorer metabolic control.
The Diabetes Control and Complications Trial has recently
shown that NAG is positively correlated with 120-min blood
glucose levels in OGTT. With these results, postprandial
hyperglycemia was thought to be an independent factor that
causes renal damage [38]. In the current study, however, we
found that urinary injury markers did not differ when we
compared patients for insulin resistance and impaired glucose
tolerance nor were these values correlated with fasting and
postprandial glucose values. This may be due to the small
sample size of our study. Increasing the number of individuals
in the obese group might have resulted in statistically signif-
icant values.

Obesity is associated with hypertension and glomerular
hyperfiltration. Increased glomerular hyperfiltration is expect-
ed to raise postglomerular oncotic pressure and to increase
proximal tubular sodium reabsorption. Salt retention is the
major cause of hypertension in obesity [39]. Hypertension is
closely related to kidney dysfunction. Limited data in the
childhood period revealed that GFR, the prevalence of hyper-
tension, and stage II hypertension were associated with obe-
sity. In a recent paper, Duzova et al. found that rates of
children with eGFR <90 and <75 ml/min/1.73 m? were higher
in obese children, but did not reach statistical significance.
Also, they showed that the obese group had a higher ratio of
hypertension than the healthy population (11.4 vs. 5.6 %)
[40]. When we compared our study with Duzova’s [40] study,
none of the obese children had decreased eGFR values and the
percentage of hypertension was 30 %. The difference between
these two studies might be related to the study populations:
Duzova et al.’s [40] study was a population-based field study,
whereas our cases were selected from an outpatient endocri-
nology clinic. Some studies that investigated the relationship
between NAG and hypertension in diabetic patients have
found that urinary NAG levels are not related to blood pres-
sure [41, 42], results which support our current work. In our
study, urinary NAG, NGAL, and KIM-1 were not significant-
ly increased in hypertensive patients. To the best of our
knowledge, KIM-1 has not previously been studied in obese
and non-obese subjects who have hypertension.

We also evaluated whether the electrolyte transport system
could be affected in obese patients. In poorly controlled dia-
betic patients, increased urinary phosphate excretion was ob-
served. In juvenile diabetic patients, significantly increased
urinary sodium excretion was found in relation to body sur-
face area [43]. Hyperinsulinemia is also associated with re-
duced urinary sodium excretion. Whether the principal site of
this action is the proximal or distal tubule remains somewhat
controversial [29, 44]. In this study, we showed that in early

stages of obesity fractional excretion of sodium and tubular
phosphorus reabsorption rates were unchanged.

We acknowledge that the current study has some limita-
tions. First, it has a cross-sectional design and renal injury
markers should be investigated in long-term, prospective,
observational studies. Second, having a larger number of
patients would have allowed us to analyze different specific
subgroups, i.e., children with impaired glucose tolerance or
type 2 DM but without microalbuminuria. The strengths of
this study are that we measured a wide range of kidney injury
markers.

In conclusion, we found that two tubular damage
markers—urinary NAG and KIM-1—were elevated in obese
patients compared to healthy lean controls. Longitudinal ob-
servational studies are needed to analyze early renal effects of
obesity and its comorbidities in individual patients. Treatment
would then be optimized in order to prevent nephropathy.
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