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Background/aim

Childhood obesity has come to be a worldwide epidemic. Current
epidemiological data advocate that obesity is linked with an increased threat
of renal injury in children. Early markers will be beneficial in the prevention of
renal injury.

The present study aimed to assess serum levels of leptin and adiponectin and their
associations with comorbidities of obesity to examine their potential effects on
obesity-related renal injury among Egyptian overweight/obese adolescents. In
addition, the study aimed an analysis of the kidney injury molecule-1(KIM-1) to
identify the early renal effect of obesity.

Subjects and methods

A case—control study was conducted on 45 Egyptian overweight/obese
adolescents aged 10-18 years of both sexes and 44 age- and Sex-matched
healthy individuals. Serum fasting glucose and insulin were analyzed, and a
homeostasis model assessment of insulin resistance was calculated. Serum
leptin, adiponectin, and KIM-1 were measured using ELISA techniques.

Results

The overweight/obese group had significantly higher KIM-1 and leptin levels, and
lower adiponectin levels in comparison to the control group (P=<0.05). Serum
adiponectin levels had significant negative correlations, with both systolic
(r=—0.480, P=0.013) and diastolic (r=—0.491, P=0.011) blood pressure, while
serum leptin levels did not correlate with BMI, systolic blood pressure, diastolic
blood pressure, HOMA- IR, eGFR, or KIM-1 in the study group (P>0.05).
Conclusion

Leptin and adiponectin are the main pathogenic factors for renal injury in obese
adolescents.
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Introduction

comorbidities confer to renal

disease [5].

recognized to

Childhood obesity is rapidly growing as a global
epidemic, and the ailment of being overweight/obese
remains and carries on to adolescence [1]. A sedentary
lifestyle [2] and undesirable dietary behaviors [3] are
the key predisposing factors of obesity among
adolescents.

The rise in the frequency of chronic kidney disease
(CKD) has been associated with a significant increase
in obesity, which is an effective risk factor for the
occurrence of kidney injury. Obesity increases the
threat of developing chief risk factors for CKD, such
as hypertension and diabetes, and it has a direct effect
on the occurrence of CKD and end-stage renal disease
(ESRD) by itself [4]. It is supposed that a certain
degree of renal impairment related to obesity starts
early in childhood, long before the emergence of
diabetes,  hypertension, and  other  related
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Though the molecular mechanisms that correlate
obesity and CKD are not well defined, the
contribution of adipose tissue (AT) is becoming
progressively significant in obesity-related kidney
damage [6]. Adipose tissue has come out as an
exceedingly active endocrine organ, depending on its
capability to produce an excess of biologically active
adipokines, for instance, adiponectin, leptin,
interleukin-6 (IL-6), or tumor necrosis factor alpha
(TNF-a) that are incorporated in a wide range of
physiological processes [7]. In the setting of obesity,

This is an open access journal, and articles are distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0
License, which allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and the new
creations are licensed under the identical terms.

DOI: 10.4103/jasmr.jasmr_13_23


mailto:Reham_dodo2@yahoo.com

lipotoxcity and the change in the secretion profile of
AT provoke inflammation, oxidative stress, and
fibrosis in the kidney, which eventually result in
impairment of renal function [6]. The existence and
severity of CKD are commonly centered on the
glomerulus and given that proximal tubules comprise
90% of the cortical mass of the kidney, tubule
intersitial lesions are largely more sensible than
glomerular lesions in anticipating the progression of
renal disease [8]. Kidney injury molecule-1 (KIM-1) is
a membrane protein that is not noticeable in the serum/
urine of healthy individuals. However, KIM-1 is broadly
expressed in cells of the proximal tubule after ischemia,
and toxic circumstances and has been stated to be a proper
marker in the diagnosis of acute kidney injury (AKI) [9].
Moreover, current studies also advocated urinary KIM-1
as abiomarker for the evaluation of nephropathy in several
chronic kidney diseases [10].

Obesity-associated renal disease is asymptomatic,
insidious, and difficult to diagnose. The known
biomarkers of the kidney, involving blood urea
nitrogen, serum level of creatinine (sCr), and urine
albumin/protein ratio do not alter rapidly through the
exhibition of acute conditions and become changed
later through the course of the disease [11].

Consequently, apprehension of the deleterious effects
on the adipo- renal axis is important to cease the
development and progress of chronic kidney disease;
turthermore, suitable biomarkers are required for early
diagnosis of obesity-associated renal damage [11].

The present study aimed to assess serum levels of
leptin and adiponectin and their associations with
comorbidities of obesity to examine their potential
effects on obesity-related renal injury among
Egyptian overweight/obese adolescents. The study
also assessed the role of the kidney injury molecule-

1(KIM-1) in defining the early renal effect of obesity.

Subjects and methods

Subjects

A case—control study was carried out on 89 Egyptian
adolescents aged 10-18 years of both sexes. The cutoft
BMI was calculated according to the World Health
Organization (WHO) growth charts.

Inclusion criteria
Adolescents of both sexes aged from 10 to 18 years old

with normal renal function.

Exclusion criteria
Adolescents who have a genetic syndrome or other
endocrine disorder known to cause obesity (e:g.
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Prader-Willi syndrome, hypothyroidism, Cushing’s
disease).  Overweight/obese
recruited from the Nutrition- Immunotherapy Clinic
at the Medical Research Centre of Excellence, and the
control group was recruited from the pediatric
outpatient clinic.

adolescents  were

Study design
The study participants were divided into two groups as
follows:

Group A (the study group): Included 45 overweight/
obese adolescents with BMI more than or equal to 85th
centile.

Group B (the control group): Involved 44 healthy
normotensive age- and Sex-matched adolescents who

had a BMI below the 85th centile.

Ethical approval

The present study was carried out in accordance
with the Code of Ethics of the World Medical
Association, consistent with the principles stated in
the Declaration of Helsinki. The study was approved
by the ‘Ethics Committee of National Research
Centre, Cairo, Egypt’ under approval number 16/
130. An informed written consent was attained from
the legal guardian of every participant before
participation in the study.

Methods
The study participants were subjected to the following

History and physical examination

History taking with emphasis on age, sex, parent
education, the inquiry about associated morbidities
such as diabetes mellitus, hypertension, and family
history of obesity, diabetes mellitus, and hypertension.

Physical examination with special emphasis on weight,
height, waist, hip circumference measurements, and
blood pressure measurement.

Anthropometric measures

Body weight was measured with light clothes and
barefoot on Seca Scale Balance to the nearest 0.1
Kg. Height was measured to the nearest 0.5cm on a
Holtain portable anthropometer. Calculation of BMI
was done using the equation [weight (Kg)/height
(m?)]. Data were plotted on WHO curves using the
software AnthroCale v1.66 Home [12]. Waist
circumference was measured at the midpoint
between the iliac crest and the rib cage on the
midaxillary line using a flexible and inelastic tape.
Hip circumference was measured around the largest

part of the hips (the widest part of the buttocks). Blood
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pressure was measured after a 5-min rest in the semi-
sitting position with an appropriately sized cuff using a
Riester sphygmomanometer made in Germany. Data
were plotted through the software AnthroCale v1.66
Home, and the participants were diagnosed to have
hypertension consistent with the guidelines of the

American Academy of Pediatrics, (AAP), 2017 [13].

Biochemical investigations

Blood was drawn in the morning after overnight fasting
(at least 8 h). Blood samples were centrifuged at 350xg
for 3 min, and then serum was isolated. Blood glucose,
insulin, creatinine, and wuric acid were measured
immediately and the other parts of the serum were
stored at -20° until the other laboratory analysis.

Serum uric acid and creatinine were assessed by the
colorimetric method using kits of Biodiagnostic Co
(Egypt). Schwartz formula was used to calculate the
estimated glomerular filtration rate (eGFR) [14].
Insulin resistance was estimated from fasting plasma
measurements using the homeostasis model assessment
of insulin resistance (HOMA- IR) using the formula:
[fasting insulin (U/ml)x fasting glucose (mg/dl)/405]
according to Mathews ez al. [15]. The criteria of insulin
resistance were HOMA- IR > 4.0 for adolescents [16].

Serum leptin, adiponectin, and KIM-1 were assessed
using  commercially enzyme-linked
immunosorbent assay (ELISA) kits, where leptin
and adiponectin were measured using kits of NOVA
Co, (Beijing, China), while KIM-1 was measured
using kits of Aviscera Bioscience Co (Santa Clara,

CA, USA).

available

Statistical analysis
Data entry and analysis were executed by the Statistical
Package for the Social Sciences (SPSS) software,

Table 1 Demographic and clinical data of the study participants

version 16. Data were shown as mean and standard
deviation (SD). Independent sample t-test was used for
comparison between groups for parametric data.
Pearson’s correlation [Correlation Coefficient (r)]
was used for the assessment of correlations. P value
<0.05 was considered statistically significant.

Results

The study group included six overweight and 39 obese
adolescents. The two groups were well matched as
regards age and Sex (P=0.446 and P=0.267,
respectively). Hip circumference,
circumference, and waist/hip ratio were significantly
higher in the overweight/obese group in comparison to
the control group (P=0.001). Systolic and diastolic
blood pressure centiles were significantly higher in
the study group in comparison to the control group
(P=0.005, P=0.019, respectively). Four of the study
group have missed blood pressure readings and 13 of
them were diagnosed to have stage 1 hypertension
according to AAP, 2017 Criteria. The control group

was normotensive. The demographic and clinical data

waist

of the study participants are shown in Table 1.

Serum creatinine and uric acid values of both groups
were all within normal limits, but the mean serum level
of creatinine was significantly higher in the study group
in comparison to the control group. All participants
had normal glomerular filtration rates consistent with
the Schwartz formula. Fasting blood glucose levels for
all participants were <126 mg/dL. In the study group,
38 participants had HOMA-IR values and 8 of them
had insulin resistance (21.1%) (HOMA-IR mean
+SD=2.72+2.57). HOMA-IR in the study group
was higher than in the control group but was on the

border of statistical significance (P=0.05) as shown in
Table 2.

Group A (overweight/obese) Group B (nonobese) P values
Sex (male/female) 13/32 17/27 0.267
Age (years) 13.05+2.61 12.62+2.60 0.446
Weight (Kg) 73.41+£18.26 37.39+10.68 0.001*
Weight centile 96.26+4.80 27.43+25.05 0.001*
Height (cm) 154.16+10.65 146.05+13.04 0.002*
Height centile 51.50+28.89 32.60+28.74 0.003*
BMI 30.55+5.61 17.22+2.71 0.001*
BMI centile 98.30+2.68 34.40+28.16 0.001*
Waist circumference (cm) 89.17+12.66 60.68+8.18 0.001*
Hip circumference (cm) 103.56+13.91 75.62+11.30 0.001*
Waist/hip ratio 0.86+0.06 0.81+0.06 0.001*
Systolic blood pressure centile 52.95+32.60 31.66+22.64 0.005*
Diastolic blood pressure centile 65.93+28.52 54.32+21.49 0.019*

"Significant difference at P<0.05 using Student's t-test.



Mean serum levels of leptin were significantly higher,
while mean serum levels of adiponectin were
significantly lower in the study group in comparison
to the control group (P<0.05). Moreover, the study
group had significantly higher mean serum levels of
KIM-1 in comparison to the control group (P=0.001).
The biochemical data of the study participants are
shown in Table 2.

No significant difference could be detected between
overweight/obese adolescents who were hypertensive
and those who were normotensive as regards KIM-1
and leptin (P=0.759, P=0.408, respectively) as shown
in Table 3.

Serum leptin levels did not correlate with BMI, systolic
blood pressure, diastolic blood pressure, HOMA- IR,
eGFR, or KIM-1 in the study group (=0.203,
P=0.258, r=0.122, P=0.513, r=-0.063, P=0.734,
r=-0.025, P=0.902, =-0.128, P=0.493, r=0.181,
P=0.331, respectively) as shown in Table 4.

Serum adiponectin levels had significant negative
correlations with both systolic and diastolic blood
pressure (=-0.480, P=0.013, =-0.491 P=0.011,
respectively), while, no significant correlations could
be detected between it and either BMI, eGFR, or
HOMA-IR in the study group (r=-0.139, P=0.482,
r=-0.107, P=0.634, 7=0.065, P=0.768, respectively) as
shown in Table 5.

Discussion

Childhood obesity has become a significant health
issue globally. Recent epidemiological data propose
that obesity is correlated to the raised threat of
childhood renal injury. A high BMI is one of the
threat factors for new-onset CKD [17]. Furthermore,
obesity may impact progress to renal failure in patients

affected by early stages of renal disease [18].

The study showed that waist and hip circumferences
were significantly higher in the study group compared

Table 2 Biochemical data of the study participants

Group A Group B P

(overweight/obese)  (nonobese)  values
Creatinine (mg/dl) 0.94+0.23 0.79+0.21 0.007*
Uric acid (mg/dl) 5.27+1.31 4.89+1.10 0.159
Fasting blood 92.27+8.78 90.40+9.64  0.347
glucose (mg/dl)
KIM-1(ng/ml) 4.49+1.30 2.42+1.39  0.001*
Leptin (pg/ml) 282.74+143.49 96.35+26.24 0.003*
Adiponectin (ng/ml) 0.51+0.23 1.47+0.74  0.001*
HOMA-IR 2.72+2.57 1.19+1.16 0.050*
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with the control group. Waist circumference (WC) was
displayed as a proper measure of overweight and its
comorbidities [19]. In addition, WC was defined to be
a proper measure of visceral adipose tissue and
abdominal obesity that are more closely associated
with cardiovascular risk than overweight as evaluated
by BMI per se [20]. The study also showed that the
overweight/obese group had significantly higher
systolic and diastolic blood pressure centiles in
comparison to the control group. This is in
agreement with other studies such as the Ozlem
et al. [11], Azza [21] and Goknar ez al. [22] studies,
which stated that obese children and adolescents had
significantly higher systolic and diastolic blood
pressures.

Hypertension is considered one of the utmost common
comorbid conditions linked with obesity which is a
main risk factor for CKD. Epidemiological studies

Table 3 Comparison between overweight/obese adolescents
who were hypertensive and those who were normotensive as
regards KIM-1 and leptin

Hypertensive Normotensive P
overweight/obese overweight/obese values™
(Number=13) (Number=28)
Leptin 181.82+91.00 217.95+211.70 0.408
(pg/
ml)
KIM-1 4.60+1.13 4.45+1.46 0.759
(ng/
ml)

*Insignificant difference at P>0.05, using Student’s t-test.

Table 4 Correlations between leptin and other variables in
overweight/obese group

Variables Correlation P values
coefficient (r)
Leptin Body mass index 0.203 0.258
Systolic blood pressure 0.122 0.513
Diastolic blood pressure -0.063 0.734
HOMA-IR -0.025 0.902
eGFR -0.128 0.493

Table 5 Correlations between adiponectin and other variables
in the overweight/obese group

Variables Correlation P
coefficient (r)) values
Adiponectin  Body mass index -0.139 0.482
Systolic blood —-0.480 0.013*
pressure
Diastolic blood -0.491 0.011*
pressure
HOMA-IR 0.065 0.768
eGFR -0.107 0.634

*Significant difference at P<0.05, using Student’s t-test.

*Significant difference at P<0.05 using Pearson’s correlation.
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designate that 65-75% of primary (essential)
hypertension is due to overweight or obesity [23].
Obesity-related hypertension is a multifactorial
complex disease that involves the activation of the
renin—angiotensin—aldosterone  system  (RAAS),
changed vascular function, and increased sympathetic
nervous system (SNS) [24]. Insulin resistance per se, or
accompanied by hyperleptinemia, stimulates the SNS,
which results in vasoconstriction and decreased blood
flow of the kidney, resulting in stimulation of RAAS
and sodium and water retention [25]. Furthermore,
new reports display that additional mechanisms might
be implicated in the pathogenesis of hypertension in
obese children, for example, proinflammatory
cytokines and oxidative stress pathway. These
signaling pathways probably participate in the
augmented stiffness of arteries and dysfunction of
the endothelium [26]. Increased alertness is required
for early diagnosis of obesity-associated hypertension
in adolescents to decrease the threat of associated
comorbidities, for instance, CKD.

The present study showed that many overweight/obese
groups had insulin resistance. This is in agreement with
other studies. Ozlem and colleagues [11] and Marko
and colleagues [27] stated that obese adolescents had a
statistically significant higher frequency of insulin
Studies that obesity
frequently goes together with insulin resistance,
particularly visceral obesity. It has been proposed
that hyperinsulinemia and insulin resistance could
prompt hypertrophy of the glomeruli, directly or
indirectly, through activation of the insulin-like
growth factor-1 receptor [28]. Insulin resistance is
also related to microalbuminuria, thus, several
authors have proposed that insulin resistance could

be a link between obesity and CKD [28,29].

resistance. have revealed

The study showed that the mean serum level of KIM-1
in overweight/obese adolescents was significantly
higher than in the control group. This is in
agreement with other studies. Goknar ez a/ [22] and
Polidori ez al. [30] stated that obese children had higher
levels of KIM-1 in urine in comparison to the control
group. Since its discovery, KIM-1 has risen as a
sensible biomarker of tubular injury. Upregulation of
KIM-1 is a known result of injury of proximal tubules
in the nephron [31]. Furthermore, it has been also
shown that the study of the expression of KIM-1 could
be beneficial in the demonstration of injury of
glomeruli [32].

The raised KIM-1

expression level in acute tubular injury are with

suggested mechanisms of

injury, the polarity of the tubular cell is absent, so
KIM-1 might be directly released into the interstitium.
In additionally, augmented transepithelial permeability
after injury of tubules results in a back leak of tubular
contents into the circulation [33]. Expression of KIM-
1 has also been revealed in samples of urine and
biopsies of kidney of patients with CKD from a
number of causes and it is an appropriate marker for
chronic kidney damage that antecedes the worsening of

kidney function [34].

The stimulus for the expression of KIM-1 and its
presence in the wurine in CKD are probably
associated with local hypoxia and nephrotoxic
outcomes of mediators of kidney injury [35]. The
significance of KIM-1 comes from its capability to
specifically confine the specific site of kidney injuryThe
raised levels of KIM-1 may antecede histological
changes in patients with acute kidney injury [36]
and the presence of KIM-1 in urine has been
displayed as a proper interpreter of renal injury
before the appearance of obvious alterations in
eGFR [37], in addition to its capability to expect
the long-term prognosis of chronic kidney disease
[38]. So, KIM-1 displays a promise to be a blood
biomarker that especially reveals acute and chronic

kidney injury.

Although hypertension is a risk factor for renal
injury, we found that the mean serum level of
KIM-1 was not significantly increased in the
hypertensive overweight/obese group compared
with nonhypertensive ones. Similarly, Goknar and
colleagues [22] stated that hypertensive obese
participants did not have significantly higher
KIM-1 in urine in comparison to obese subjects
with normal blood pressure.

The mean serum levels of leptin was found to be
significantly higher in the overweight/obese group in
comparison to the control group. Similarly, Edward
and colleagues [39] found that leptin levels were
significantly increased in obese children. Leptin is
principally released by adipose tissue proportionally
to the volume of stores of body fat. Circulating
levels of leptin relate thoroughly with the total
volume of body fat being, consequently, raised in
obese individuals [40].

Obesity and  associated  chronic  unresolved
inflammation result in lipotoxicity, dysfunction of
adipose tissue, and dysregulation of the secretion
profile of the adipose tissue, which might impact
renal function during obesity [6].



Owing to the effective several impacts of leptin,
hyperleptinemia can be implicated in the
pathogenesis of obesity and its associated disorders.
It was proposed that leptin could have a contribution to
the pathogenesis of obesity-associated glomerulopathy
in obese patients [41]. Leptin can regulate diverse
signaling pathways in the kidney, as mesangial and
glomerular endothelial cells prompt profuse receptors
of leptin. Leptin produces an augmented expression of
profibrotic genes, for instance, transforming growth
factor-beta (TGF-B1), and proinflammatory cytokines.
TGF-B1 is an effective motivator of the proliferation of
mesangial cells in the kidney. A rise in these molecules
might result in the accumulation of the extracellular
matrix, thickening of the basement membrane of
glomeruli, and glomerular mesangial hypertrophy,
causing sclerosis of glomeruli and proteinuria [42].
Moreover, leptin can also be indirectly implicated in
the injury of the kidney through the involvement of
hyperleptinemia in  obesity-related hypertension
through the overactivation of the sympathetic
nervous system [43]. The present study showed that
there was no significant difference between the
hypertensive overweight/obese group and
nonhypertensive ones as regards the mean serum
level of leptin. Also, there were no significant
correlations between serum leptin levels and systolic
and diastolic blood pressure. Similarly, Hossein and
colleagues [44] stated that systolic and diastolic blood
pressures had no association with serum levels of leptin
among obese children. There is a scarcity of studies that
examined the assumed association between serum
levels of leptin and blood pressure among obese
their have not been

adolescents and results

compatible [45].

Serum leptin levels did not significantly correlate with
BMI, HOMA-IR, or eGFR in the study group.
Similarly, Edward and colleagues [39] stated that
leptin was not correlated with GFR decline, which
is in diversity with previous reports. For instance,
Daschner and colleagues [46] stated that GFR was
an independent weak predictor of serum leptin in a
cohort of 134 children who have renal disease. The
divergence between the results might be accredited to
the fact that our obese adolescents had normal eGFR
and that the relevant influence of renal function on
increased levels of leptin is more prominent with
progressive CKD and not in patients with mild-to-
moderate CKD [39].

Widecka and colleagues [47] stated no association
between leptin and insulin resistance index. The
literature reports on this issue are indecisive.
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The study showed that the mean serum levels of
adiponectin was significantly lower in the study
group compared with the control group. This was in
agreement with other studies. Asayama and colleagues
[48] and Christine Frithioff and colleagues [49] found
that overweight and obese children showed lower
adiponectin levels compared with the control.
Adiponectin is a 30-KDa plasma protein that is
mostly produced through the adipose tissue. Levels
of adiponectin are negatively related to body fat
proportion, and levels of adiponectin are reduced
significantly in obesity [50]. There is no clear
understanding of why adiponectin is decreased in
those with increased fat mass in spite that it is
produced by the adipose tissue. It is possibly
through the inhibition of gene transcription of
adiponectin [51]. Adiponectin was proposed to have
a contribution in the pathogenesis of obesity-related
glomerulopathy through receptors on podocytes having
a role in podocyte morphology and/or function [18]. In
mice lacking the expression of adiponectin, there was a
noticed effacement of podocyte foot processes. In
addition, hypoadiponectinemia results in tubular
inflammation by reducing the activation of tubular
AMP-activated protein kinase (AMPK), causing an
accumulation of monocyte chemotactic
(MCP)-1 that is included in the onset of
inflammation in the kidney [52]. The study showed
that adiponectin had significant negative correlations
with both systolic and diastolic blood pressure.
Similarly, Varda and colleagues [53] found a

significant negative correlation between adiponectin

protein

and systolic blood pressure in obese children and
adolescents with hypertension. Some clinical studies
have demonstrated a correlation between concentration
of plasma adiponectin and hypertension as
hypoadiponectinemia is a risk factor for arterial
hypertension. An inverse relationship was detected
between mean diastolic pressure and concentration
of adiponectin [54].

No significant correlations could be detected between
adiponectin and BMI, eGFR, or HOMA-IR in the
overweight/obese group of our study. Varda and
colleagues [53] found that adiponectin had a
significant negative correlation with BMI in obese
children and adolescents. Human omental adipocytes
produced adiponectin that was inversely correlated
with BMI [55]. Serum adiponectin was inversely
associated with eGFR [56]. Hypoadiponectinemia in
the state of obesity enhances the production of ROS,
causing oxidative stress in the podocytes that is
probable to change the GFR [50]. It is postulated

that adiponectin functions as an insulin-sensitizing
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adipokine. Hypoadiponectinemia as a result of a high-
fat diet has been intensely related to insulin resistance
and metabolic syndrome [57]. Hotta and colleagues
[58] reported coincident decreases in insulin action and
levels of plasma adiponectin with the progression of
obesity in rhesus monkeys. Though studies propose
that adiponectin has an important role in regulating
insulin sensitivity, the relation between them remains
uncertain.

The absence of significant correlations in our study
could be accredited both to the small-sized sample in
our study and to the low rate of metabolic and
hypertensive complications associated with obesity.
Generally, there seemed to be an emergent relation
between the dysregulation of adipokines in obesity and
the development of renal injury.

Conclusion

The study showed that the overweight/obese group had
significantly higher mean serum levels of KIM-1 and
leptin, and significantly lower mean serum levels of
adiponectin in comparison to the normal weight
adolescent group. This study advocated that obese
participants revealed a definite degree of renal
damage before loss of kidney function as determined
by changes in the secretion of adipokines, so leptin and
adiponectin might be significant pathogenic factors for
kidney injury in obese patients. KIM-1 might be used
as a screening marker to reveal early damage of kidneys
in obese adolescents to preclude the progress to
irreversible renal inefficiency.
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