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Abstract
Background Glomerular hyperfiltration, initiating development of obesity-related glomerulopathy, results in an enlargement 
of the glomeruli and unsealing of the filtration barrier. It can be followed by adaptive focal segmental glomerulosclerosis 
and chronic kidney disease (CKD). The aim of the study was to determine the expression pattern of lipid metabolism and 
selected kidney damage markers in obese adolescents and to identify potential factors which can predict CKD.
Methods The study group consisted of 142 adolescents with a BMI z-score > 2. Sixty-two healthy and normal-weight indi-
viduals served as controls. The factors associated with the rate of glomerular filtration in obese adolescents were assessed 
by linear regression methods using univariate and multivariate analyses. The risk of developing CKD was estimated using 
the Fisher’s exact test.
Results The study group was divided into “elevated,” “normal,” and “decreased” glomerular filtration rate (GFR) patients. 
Increased urine galectin-3 (Gal-3) concentration was diagnosed in all patients. “Decreased GFR” subjects expressed increased 
urine concentration of neutrophil gelatinase-associated lipocalin (NGAL) and daily megalin excretion. Thirty-nine study 
participants developed CKD. Increased uric acid (UA) concentration was associated with CKD development both in “nor-
mal” and “decreased GFR” patients. Additionally, in “normal” GFR patients, increased concentrations of cholesterol (Ch), 
triglycerides (TG), and NGAL were associated with CKD.
Conclusions Increased serum concentrations of Ch, TG, and UA and increased urine concentration of NGAL might predict 
CKD development in obese adolescents with normal and decreased GFR.

Keywords Glomerular filtration rate · Filtration barrier · Obesity · Chronic kidney disease · Adolescents

Introduction

Recent decades have revealed a significant change in the 
eating behavior and lifestyle of adolescents. These changes 
are mainly observed in the increasing consumption of high-
calorie foods and sweet drinks, as well as in a more seden-
tary lifestyle and a significant lack of exercise [1]. The last 

approximately 2 years—during the COVID-19 pandemic—
have only intensified this unfavorable behavior [2].

As a consequence, the steadily increasing global preva-
lence of overweight and obesity has reached epidemic pro-
portions [3]. It is followed by systematically increasing 
incidences of obesity-related health effects in adolescents, 
such as cardiovascular diseases, type 2 diabetes mellitus, 
and obesity-related glomerulopathy (ORG)—defined as a 
distinct entity that includes proteinuria, glomerular enlarge-
ment, progressive glomerular sclerosis, and kidney function 
decline [4].

Obesity is a well-established low-grade inflammatory 
state reflected by the presence of circulating endocrine bio-
active proinflammatory compounds and accompanied by 
reduced levels of anti-inflammatory adipokines [5]. The 
increased body mass, in its initial stage, also requires an 
increased blood perfusion through all organs, including the 
kidneys [10]. Such a hyperfiltration phase (as described in 
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obesity-related kidney damage syndrome) leads to enlarge-
ment of the glomeruli (glomerulomegaly) and decreasing 
podocyte numerical density [6].

In animal models of ORG (Fisher rats ad libitum feeding), 
glomerulomegaly is followed by increasing cellular volume 
of podocytes, although at a lower rate than the increase in 
the volume of glomerular tuft [7]. As the podocytes form a 
post-mitotic population of cells, their ability to hypertrophy 
is limited, and the mechanical strain on these cells (resulting 
from stretch tension) reaches a breaking point. Individual 
podocytes fail and detach, causing localized denudation of 
the glomerular basement membrane and promoting micro-
albuminuria. It is then followed by subsequent adhesions to 
the Bowman capsule, forming areas for the development of 
segmental sclerosis [8].

The process of kidney damage in obese people is, how-
ever, more complex. The visceral adipose tissue may release 
into the circulation nonesterified fatty acids which can be 
accumulated in the liver, heart and kidneys [9]. In the case 
of kidneys, these compounds accumulate in mesangial cells, 
podocytes, and epithelial cells of proximal tubules [10, 11] 
and promote local inflammation and the expression of profi-
brotic growth factors [12].

The actual incidence of ORG is unknown. This is due 
to the fact that the undisputed diagnosis of ORG can only 
be made on the basis of a kidney biopsy (and these are 
performed less and less frequently) [4]. Moreover, ORG 
development—especially in its initial stages—is usually 
subclinical. The most important parameter indicating 
abnormal kidney function is microalbuminuria, which, 
however, can be easily overlooked [13]. This gives the illu-
sion that obesity does not adversely affect kidneys. The sit-
uation is, however, the opposite. The progressive process 
of kidney sclerosis and fibrosis may lead to chronic kidney 
disease (CKD) and, finally, to kidney failure unnoticed 
[14–16]. The implementation of the treatment—weight 
reduction [17] and renin–angiotensin–aldosterone system 
(RAAS) blockade [14–16]—may be too late. For this rea-
son, it seems important to detect obesity-related kidney 
reconstruction in a minimally invasive manner at the earli-
est possible stage and define markers that may indicate an 
increased risk of developing CKD in obese individuals.

Many attempts have been made to indicate the marker(s) 
of ORG progression. These include microalbuminuria 
[13], research on megalin, neutrophil gelatinase-associated 
lipocalin (NGAL), matrix metalloproteinases (MMPs), and 
tissue inhibitors of metalloproteinases (TIMPs)—regarded 
as acute kidney injury markers [18, 19]. However, we still 
do not have marker(s) that would not only allow the diag-
nosis of ORG, but also predict its course (e.g., obesity-
related sclerotic and fibrotic processes in the kidney).

Galectin-3 (Gal-3)—a β-galactoside-binding lectin—
has been shown to be involved in a number of biologi-
cal processes including cell adhesion and activation [20], 
chemoattraction [21], cell growth and differentiation [20] 
as well as apoptosis [22]. Under normal conditions, it is 
primarily expressed in the proximal tubules and collecting 
ducts of the kidney [23]. Gal-3 is one of the most impor-
tant proteins shown to be involved in renal fibrogenesis 
leading to CKD [24]. It is highly expressed and secreted 
by renal macrophages, which are usually detected in the 
glomeruli of all inflammatory glomerular diseases, but 
also in the interstitium of the kidney cortex and medulla 
[23]. The association of Gal-3 with the processes of cell 
adhesion and the regulation (progression) of inflammation 
suggests that this protein may also be up-regulated in the 
glomerular enlargement that accompanies the process of 
kidney hyperfiltration.

There are very few reports of Gal-3 in urine. Primar-
ily its presence and clinical significance are described in 
blood serum. It is regarded as a sensitive diagnostic or 
prognostic biomarker for various pathological conditions 
including heart failure and cardiovascular diseases, oxi-
dative stress, inflammation, and autoimmunity [20, 21, 
25–27]. Therefore, the question that should be asked here 
is: Is it possible that Gal-3 (as a result of early kidney 
damage following hyperfiltration and glomerulomegaly) 
appears in the urine in diagnostic concentrations?

In line with the above, the aim of the current report 
was to:

1) Determine the expression pattern of lipid metabolism 
as well as kidney function markers (including Gal-3, 
megalin, MMP12, NGAL, and TIMP2) in obese adoles-
cents with normal, increased, and decreased glomerular 
filtration rate (GFR).

2) Identify markers that may indicate an increased risk of 
developing CKD in obese adolescents.

Patients and methods

Ethical considerations

The protocol of the present study was approved by the 
Poznan University of Medical Sciences Local Bioethics 
Committee (resolution No 679/17). All investigations have 
been carried out in accordance with the Helsinki Declara-
tion. The study participants and/or their legal guardians 
have given their written consent to participate in the study. 
Finally, the study has followed the standards of Good Clin-
ical Practice.
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Design, place of study, and period

The study was conducted between 1 January 2018 and 30 
June 2021 and involved 458 patients (recruited between 
1 January 2018 and 31 December 2020), admitted to the 
Department of Pediatric Nephrology and Hypertension, 
Poznan University of Medical Sciences because of suspi-
cion of arterial hypertension (single rise in blood pressure 
recorded by the school nurse). All subjects were hospitalized 
to perform 24 h arterial blood pressure monitoring (ABPM), 
echocardiography (ECHO), electrocardiography, and to per-
form laboratory tests: peripheral blood morphology (WBC, 
RBC, PLT, Hgb, HCT), serum creatinine, cystatin C, uric 
acid, urea, Na, K, Ca, Mg, total cholesterol, triglycerides, 
HDL, fasting glucose, TSH, fT3, fT4, liver enzymes (alanine 
transaminase, aspartate transaminase and gamma-glutamyl 
transpeptidase), total protein, C-reactive protein (CRP), adi-
ponectin as well as 24 h urine for albumin, Gal-3, megalin, 
NGAL, MMPs and TIMPs.

As many as 224 subjects were not admitted to the study, 
as at least one of the following criteria was present: (1) 
age < 10 years or ≥ 16 years; (2) arterial hypertension; (3) 
genetic obesity or familial hyperlipidemia; (4) any aberra-
tions in ECHO and electrocardiography; (5) hepatic dysfunc-
tion (serum concentrations of alanine transaminase > 40 U/l, 
aspartate transaminase > 40 U/l and gamma-glutamyl trans-
peptidase > 40 U/l); (6) autoimmune disease; (7) diabetes; 
(8) coexistence of neoplastic and/or any infectious disease; 
(9) morphological abnormalities in the urinary tract system; 
(10) renal hypotrophy (or a single kidney); (11) CKD; (12) 
kidney failure; (13) any complications of the perinatal period 
(including intrauterine growth restriction); (14) birth before 
the age of 36 weeks; (15) history of chronic disease; (16) 
history of oral contraceptive, antihypertensive, antidiabetic 
or lipid-lowering drugs as well as corticosteroids use; or (17) 
unsigned informed consent.

Arterial hypertension, according to the guidelines of 
the European Society of Hypertension [28], for teenag-
ers < 16 years was defined as systolic blood pressure and/or 
diastolic blood pressure ≥ 95th percentile for sex, age, and 
height measured on at least 3 separate occasions.

Study population

One hundred and forty-two adolescents were allocated for 
the study group. Sixty-two served as control subjects who 
met the following inclusion criteria: (1) age 10–16 years; 
(2) BMI z-score ≤ 2; (3) no arterial hypertension; (4) normal 
concentration of serum cortisol, glucose, thyroid hormones, 
and electrolytes; (5) no morphological abnormalities in the 
urinary tract system (including renal hypotrophy or agen-
esis); (6) GFR range between 90 and 130 ml/min/1.73m2; 

(7) absence of any chronic comorbidities; and (8) signed 
informed consent.

Patients enrolled in the study group had to meet the fol-
lowing inclusion criteria: (1) age 10–16 years; (2) BMI 
z-score > 2; (3) no arterial hypertension; and (4) signed 
informed consent.

With our available sample size, this study had 85% power 
for comparison of means in independent samples at the 
p < 0.05 level. The clinical and biochemical data in study 
subjects are summarized in Table 1.

Anthropometric measurements

Weight and height were measured using a certified columnar 
scale (SECA 799, Hamburg, Germany) with BMI function. 
BMI values were transformed into BMI z-scores using WHO 
reference values for pediatric BMI [29].

Waist circumferences were measured in centimeters using 
inextensible tape parallel to the ground. The measurement 
area corresponded to half the length between the lowest rib 
and the iliac crest, at the end of normal expiration. A body 
shape index (aBSI) was calculated by employing the follow-
ing formula: aBSI = WC(m)/[BMI2/3 × H (m)1/2] [30]. It was 
then converted to age- and sex-specific z-scores calculated 
based on normative values of the US population [31].

Blood and urine collection

A 5 ml whole blood was taken from all fasting adolescents 
in the morning between 7:00 and 8:00, after all-night rest 
on the first day of hospitalization. Half of the total blood 
was used for routine laboratory tests in all patients, and the 
rest of the blood sample was centrifuged. Serum with added 
BHT (10 ul 0.5 M BHT/1 ml sample) was frozen at – 80 °C 
and preserved for further analyses.

Laboratory tests in all patients also included first morn-
ing urinalysis and 24-h urine collection (for albumin, Gal-
3, megalin, NGAL, MMPs and TIMPs). The 24-h urine 
amount was measured after thorough mixing. 10 ml of each 
urine sample was then centrifuged within 2 h after collec-
tion at 1,000 rpm for 10 min to remove cellular debris. The 
cleaned urine samples were stored at − 72 °C until next 
measurement.

Glomerular filtration rate estimation

GFR was assessed by Filler formula involving serum cysta-
tin C concentration, instead of plasma creatinine [32, 33]. 
Hyperfiltration was defined as GFR > 130 ml/min/1.73  m2. 
In contrast, a reduced GFR (hypofiltration) was defined as 
GFR < 90 ml/min/1.73  m2 [34].
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CKD was defined as kidney damage or GFR lower than 
60 ml/min/1.73  m2 for a period of at least 3 months [35].

Biomarkers

Daily megalin excretion was estimated using Human LRP2/
Megalin ELISA assay (LS-F11978-1, BD BioSciences, War-
saw, Poland). The concentrations of NGAL, Gal-3, MMP12, 
and TIMP2 were estimated using Human Lipocalin-2/NGAL 
Quantikine ELISA Kit (R&D Systems, Minneapolis, MN), 
Human LGALS3/Galectin-3 ELISA Kit (RAB0661, Sigma-
Aldrich, Saint Louis, MO), Human MMP-12 ELISA Kit 
(P39900, Invitrogen, Carlsbad, CA), and TIM2 Human 

ELISA Kit (P16035, ThermoFisher Scientific, Waltham, 
US-MA), respectively.

Finally, serum adiponectin concentration was assessed 
with the use of Human Adiponectin ELISA kit (ab99968, 
Abcam, Cambridge, UK).

All samples from patients and controls were run in dupli-
cate. The assays were performed according to the manu-
facturer’s instructions. The optical density (OD) value was 
determined twice, using a microplate reader, set to 450 nm 
and 540 nm as a wavelength correction. The readings at 
540 nm were subtracted from the readings at 450 nm to cor-
rect for optical imperfections in the plate. The concentrations 
of NGAL, Gal-3, MMP12, TIMP2, and adiponectin were 

Table 1  Clinical characteristics of adolescents from study and control groups

GFR, glomerular filtration rate, elevated GFR GFR > 130  ml/min/1.73m2, decreased GFR GFR < 90  ml/min/1.73m2, BMI body mass index, 
aBSI a body shape index, RBC red blood cell count, Hgb hemoglobin, WBC white blood cell count, PLT platelets, HDL high density lipopro-
teins, Gal-3 galectin 3, NGAL neutrophil gelatinase-associated lipocalin, TIMP tissue inhibitor of metalloproteinases
* As compared study to control adolescents
** As compared hypo-filtrated adolescents to controls

Study group Controls
(n = 62)

p

Elevated GFR
(n = 42)

Normal GFR
(n = 85)

Decreased GFR
(n = 15)

Demographic and anthropometric data
  Age [year] 14.1 ± 3.2 13.1 ± 3.4 13.5 ± 2.2 13.9 ± 3.8 ns
  Male/female ratio 22/20 44/41 7/8 30/32 ns
  BMI z-score 2.45 ± 0.81 2.68 ± 0.72 2.53 ± 0.77 0.72 ± 0.23  < 0.0001*
  aBSI z-score 0.2 ± 1.1 0.2 ± 1.2 0.2 ± 1.0 0.05 ± 0.3  < 0.0001*

Selected analytical data: blood
  RBC (T/L) 4.4 ± 0.7 4.3 ± 0.7 4.2 ± 0.6 4.3 ± 0.5 ns
  Hgb (g/dL) 13.4 ± 1.8 12.9 ± 2.4 13.1 ± 2.2 13.1 ± 1.5 ns
  WBC (G/L) 6.9 ± 1.5 6.8 ± 2.1 6.4 ± 1.1 7.6 ± 1.1 ns
  PLT (G/L) 273.3 ± 19.5 329.4 ± 28.2 299.1 ± 14.2 290 ± 19.3 ns
  Creatinine (mg/

dL)
0.77 ± 0.14 0.81 ± 0.19 0.82 ± 0.13 0.77 ± 0.11 ns

  Uric acid (mg/dL) 3.9 ± 0.9 4.2 ± 1.1 6.1 ± 0.3 3.9 ± 1.4 0.004**
  Cystatin C (mg/L) 1.1 ± 0.2 1.1 ± 0.3 1.0 ± 0.1 0.9 ± 0.2 ns
  Glucose (mg/dL) 86.5 ± 5.4 84.2 ± 4.4 82.1 ± 2.2 87.9 ± 6.6 ns
  Triglycerides 

(mg/dL)
143 ± 6.3 145 ± 9.8 169 ± 8.8 139 ± 8.3 0.037**

  Cholesterol (mg/
dL)

172 ± 7.2 164 ± 7.7 198 ± 5.4 166 ± 5.1 0.043**

  HDL (mg/dL) 42.1 ± 4.5 45.3 ± 8.9 45.2 ± 2.2 48.2 ± 3.8 ns
  Adiponectin (µg/

ml)
4.7 ± 1.1 5.2 ± 2.3 4.6 ± 0.7 8.9 ± 1.9 0.005*

Selected analytical data: urine
  Albuminuria 

(mg/24 h)
17.2 ± 8.3 13.2 ± 7.2 19.2 ± 2.2 0  < 0.0001*

  Gal-3 (ng/ml) 4.6 ± 2.4 4.7 ± 2.1 4.9 ± 1.7 2.3 ± 1.4 0.004*
  Megalin (ng/24 h) 132.7 ± 33.2 141.2 ± 42.2 283.1 ± 12.2 141.4 ± 39.5 0.005**
  NGAL (ng/ml) 4.3 ± 2.1 5.6 ± 3.2 12.7 ± 2.6 6.6 ± 1.5 0.005**
  TIMP2 (ng/ml) 5.2 ± 3.7 4.9 ± 4.1 4.8 ± 2.6 4.3 ± 3.9 ns

2482 Pediatric Nephrology (2022) 37:2479–2488
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calculated based on the standard curve. These standards 
were also assayed in duplicate.

Statistical analysis

All continuous variables are expressed as the mean ± SD. 
Statistical analysis was performed through the following 
steps: (1) Shapiro–Wilk test was used to determine the nor-
mal distribution of data; (2) one-way analysis of variance 
was employed to compare “elevated GFR,” “normal GFR,” 
and “decreased GFR” study subjects and controls; (3) Bon-
ferroni correction was used as a general alpha adjustment 
for all of the multiple comparisons performed in the study; 
(4) non-parametric continuous variables were compared 
using the Kruskal–Wallis test; and (5) Pearson χ2 test was 
employed to analyze nominal data.

The independent factors for CKD development were 
determined using Fisher’s exact test. Generally, in Pearson 
correlation, a value of r greater than 0.7 was considered a 
strong correlation. Anything between 0.4 and 0.7 was a mod-
erate correlation, and anything less than 0.4 was considered 
a weak or no correlation.

The factors potentially affecting the rate of glomerular 
filtration in obese adolescents (“serum uric acid concentra-
tion,” “serum triglycerides concentration,” “serum choles-
terol concentration,” “serum adiponectin concentration,” 
“albuminuria,” “urine galectin-3 concentration,” “daily urine 
megalin excretion,” and “urine NGAL concentration”) were 
assessed using linear regression methods utilizing univari-
ate and multivariate analyses. Regression coefficients (β) 
and 95% confidence interval (CI) for β were estimated for 
all linear models. The regression models were adjusted for 
age and sex.

All of the statistical analyses were performed using the 
Statistica 13.3 PL software package (StatSoft, Poland). A 
value of p < 0.05 was considered statistically significant.

Results

Clinical characteristics

Obese study participants (BMI z-score > 2), at the moment 
of entry into the analysis, were divided into “elevated 
GFR” (n = 42), “normal GFR” (n = 85), and “decreased 
GFR” (n = 15) according to GFR values estimated by Filler 
formula. As compared to controls, they presented albu-
minuria and had a significantly lower serum adiponectin 
concentration (p = 0.005) and higher urine Gal-3 concen-
tration (p = 0.004). “Decreased GFR” obese adolescents 
(as compared to controls) have been additionally reported 

with significantly higher serum concentrations of uric 
acid (p = 0.004), triglycerides (p = 0.037), and cholesterol 
(p = 0.043) as well as significantly higher NGAL urine con-
centration and daily urine megalin excretion (p = 0.005).

Obese and control adolescents did not differ in blood 
pressure (both office and during 24-h monitoring), periph-
eral blood morphology, and serum biochemical param-
eters (including concentrations of creatinine, cystatin C, 
urea, Na, K, Ca, Mg, fasting glucose, TSH, fT3, fT4, liver 
enzymes, total protein, and CRP).

None of the examined adolescents had MMP12 in urine, 
and the concentrations of TIMP2 were comparable in all 
study participants. The clinical characteristics of all ado-
lescents are summarized in Table 1.

Correlations and multivariate analysis

As mentioned above, the group of obese adolescents was 
not homogeneous. It was composed of “elevated GFR,” 
“normal GFR,” and “decreased GFR” patients. Therefore, 
separate analyses were performed for each of the above-
mentioned 3 subgroups.

In the “elevated GFR” obese study participants, we have 
noticed one moderate positive correlation between “urine 
galectin-3 concentration” and “albuminuria” (r = 0.528) and 
one moderate negative correlation between “urine galectin-3 
concentration” and “serum adiponectin concentration.”

The group of “normal GFR” obese patients had a strong 
correlation between “urine galectin-3 concentration” and 
“urine NGAL concentration” (r = 0.706).

In the “decreased GFR” obese adolescents, three posi-
tive moderate correlations were reported. The first one 
between “serum uric acid concentration” and “urine 
NGAL concentration” (r = 0.474), the next one between 
“urine NGAL concentration” and “urine megalin excre-
tion” (r = 0.524), and the last one between “serum uric acid 
concentration and urine megalin excretion” (r = 0.511). 
These results are presented in Table 2.

Estimates from linear regression models in study par-
ticipants are shown in Table 3. Factors associated with obe-
sity-related kidney damage in the period of hyperfiltration 
included decreased serum adiponectin concentration, albu-
minuria, and increased urine Gal-3 concentration. Factors 
associated with obesity-related kidney damage in obese ado-
lescents with normal GFR were albuminuria, increased urine 
Gal-3 concentration, elevated serum cholesterol concentra-
tion, and increased urine NGAL concentration. Finally, 
obesity-related kidney damage followed by decreased GFR 
was associated with increased urine NGAL concentration, 
increased serum uric acid concentration, and increased urine 
megalin daily excretion (Table 4).
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CKD development in study participants

During the follow-up period, which ranged from 6 to 
30 months, 39 obese adolescents in the study group devel-
oped CKD (27.5%). Eleven of them were initially designated 

as “increased GFR” individuals (26.2%), 16 as “normal 
GFR” study participants (18.9%), and 12 initially recognized 
with decreased GFR (80%).

"Elevated GFR" obese study participants, who developed 
CKD during the follow-up period, did not differ in peripheral 

Table 2  Moderate and 
strong correlations in study 
participants

GFR glomerular filtration rate, elevated GFR GFR > 130 ml/min/1.73   m2, decreased GFR GFR < 90 ml/
min/1.73  m2, NGAL neutrophil gelatinase-associated lipocalin

Pair of variables r p

“Elevated GFR” obese study participants
  Urine galectin-3 concentration and albuminuria 0.528 0.011
  Urine galectin-3 concentration and serum adiponectin concentration -0.422 0.033

“Normal GFR” obese study participants
  Urine galectin-3 concentration and urine NGAL concentration 0.706 0.001

“Decreased GFR” obese study participants
  Serum uric acid concentration and urine NGAL concentration 0.474 0.036
  Urine NGAL concentration and urine megalin excretion 0.524 0.012
  Serum uric acid concentration and urine megalin excretion 0.511 0.022

Table 3  The factors potentially 
affecting the rate of glomerular 
filtration in obese adolescents—
linear regression analyses

GFR glomerular filtration rate, elevated GFR GFR > 130 ml/min/1.73   m2, decreased GFR GFR < 90 ml/
min/1.73  m2, NGAL neutrophil gelatinase-associated lipocalin

β 95% CI p

“Elevated GFR” obese adolescents
  Serum adiponectin concentration -0.31 -1.08, 0.65 0.038
  Serum triglycerides concentration 0.15 -0.02, 0.36 0.388
  Serum cholesterol concentration 0.02 -0.01, 0.08 0.806
  Serum uric acid concentration 0.11 -0.63, 1.45 0.460
  Albuminuria 0.29 0.01, 0.79 0.042
  Urine NGAL concentration 0.06 -0.02, 0.22 0.614
  Urine galectin-3 concentration 0.35 0.06, 0.54 0.016
  Urine megalin excretion 0.01 -0.01, 0.02 0.780

“Normal GFR” obese adolescents
  Serum adiponectin concentration -0.06 -0.23, 0.18 0.654
  Serum triglycerides concentration 0.08 0.01, 0.36 0.580
  Serum cholesterol concentration 0.30 -0.07, 0.87 0.022
  Serum uric acid concentration 0.24 -0.05, 1.11 0.080
  Albuminuria 0.32 -1.86, 1.89 0.038
  Urine NGAL concentration 0.28 -0.01, 0.44 0.046
  Urine galectin-3 concentration 0.31 0.01, 1.23 0.011
  Urine megalin excretion 0.02 -0.02, 0.06 0.660

“Decreased GFR” obese adolescents
  Serum adiponectin concentration 0.00 -0.01, 0.00 0.824
  Serum triglycerides concentration 0.02 -0.01, 0.11 0.768
  Serum cholesterol concentration 0.10 -0.02, 0.24 0.440
  Serum uric acid concentration 0.28 0.02, 1.36 0.035
  Albuminuria 0.15 -0.01, 0.38 0.380
  Urine NGAL concentration 0.31 -0.01, 0.60 0.003
  Urine galectin-3 concentration 0.16 -0.01, 0.33 0.111
  Urine megalin excretion 0.34 0.01, 1.12 0.003
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blood morphology, serum creatinine, cystatin C, uric acid, 
urea, Na, K, Ca, Mg, total cholesterol, triglycerides, HDL, 
fasting glucose, TSH, fT3, fT4, liver enzymes, total protein, 
CRP, adiponectin as well as 24 h urine for albumin, Gal-3, 
megalin, NGAL, or TIMP2 values from their peers who did 
not develop CKD.

The majority of “normal GFR” obese study participants 
who developed CKD, were initially found with increased 
concentrations of serum uric acid (5.9 ± 0.6 mg/dL; n = 14; 
87.5%), cholesterol (194 ± 5.8 mg/dL; n = 15; 93.8%), and 
triglycerides (172 ± 4.9 mg/dL; n = 10; 62,5%) as well as 
urine NGAL concentration (9.8 ± 3.5 ng/ml; n = 13; 81,2%), 
as compared to “normal GFR” obese adolescents who did 
not develop CKD.

Finally, “decreased GFR” obese adolescents who did not 
develop CKD within the observation period (n = 3) were 
found initially to have normal serum uric acid concentration 
(4.1 ± 0.3 mg/dL) as compared to their peers who developed 
CKD.

Using Fisher’s exact test, it was determined that “normal 
GFR” obese adolescents, who initially had elevated serum 
uric acid concentration (p < 0.0001), serum triglycerides 
concentration (p = 0.0006), serum cholesterol concentration 
(p < 0.0001), and urine NGAL concentration (p = 0.0003), 
developed CKD over a follow-up period of 6 to 30 months. 
“Decreased GFR” obese study participants who continue to 
have normal values of serum uric acid concentration are at 
lower risk of CKD development (p = 0.0088).

Discussion

As mentioned above, the real incidence of ORG is unknown 
[4]. Since it is generally not possible to confirm ORG by 
histology, persistent albuminuria in obese individuals must 
be regarded as a sufficient indicator [16]. Other indicators of 

ORG, although not as common as subnephrotic proteinuria, 
are arterial hypertension, dyslipidemia, and decreased serum 
adiponectin concentration [36].

Our study group did not include adolescents diag-
nosed with hypertension. All of them were obese (BMI 
z-score > 2), and, according to GFR value estimated by Filler 
formula, they were divided into “elevated GFR,” “normal 
GFR,” and “decreased GFR” subjects. As expected, all 
of the study participants had albuminuria and decreased 
serum concentrations of adiponectin. However, the indica-
tors of dyslipidemia (i.e., increased serum concentrations 
of cholesterol and triglycerides), as well as increased serum 
uric acid concentration, increased urine NGAL concentra-
tion, and increased megalin daily excretion, appeared only 
in “decreased GFR” adolescents. On the other hand, all of 
the study group participants (regardless of GFR value) had 
increased urine Gal-3 concentrations.

Interestingly, the presence of full symptomatic nephrotic 
syndrome in obese patients is distinctly unusual [14]. This 
may be due to the type of podocyte injury associated with 
the relatively rapid process of adaptive FSGS and glomeru-
lar fibrosis [37].

In our opinion, a marker that may explain the underly-
ing cause of such kidney damage in obese individuals is 
Gal-3. It plays a crucial role in cell-to-cell adhesion [20], 
cell–matrix interactions [38], macrophage activation [21], 
as well as angiogenesis [39], metastasis [40], and apoptosis 
[22]. Interestingly, it has also been shown to be involved in 
the process of fibrosis in the liver [41], kidneys [42], and 
lungs [43] as the factor that stimulates fibroblasts, epithelial 
cells, and myofibroblasts to form collagen [44]. In particular, 
it has been recognized that Gal-3 is extremely useful for the 
detection of many of these diseases in their early stages. 
In experimental animal models using mice deficient in or 
lacking Gal-3, the process of fibrosis in any of the above-
mentioned organs was limited or absent [45].

Obesity-related kidney damage, in the absence of thera-
peutic intervention, is evolving into CKD and, finally, to 
kidney failure unnoticed as a result of long-term hyperfiltra-
tion and accumulation of lipids in the kidney [14]. This is 
why we need a better (i.e., more specific) marker which will 
determine the risk of CKD in obese patients and sanction 
the correct (on time) implementation of RAAS blockade.

In the present report, 39 adolescents from the study group 
have developed CKD within the period of 6 to 30 months. 
Eleven of them were initially allocated to the “elevated 
GFR” group, 16 to the “normal GFR” group, and 12 to the 
“decreased GFR” group. Based on these allocations, we 
decided to determine the factors which might predict CKD 
in the subgroups noted above. In the “elevated GFR” study 
subjects, not a single marker was found to be associated 
with CKD development. In the “normal GFR” obese ado-
lescents, however, 4 markers were found that could indicate 

Table 4  Association of chronic kidney disease development in “nor-
mal GFR” and “decreased GFR” obese adolescents with initial serum 
uric acid, serum triglycerides, serum cholesterol, and urine NGAL 
concentrations based on Fisher’s exact test

GFR glomerular filtration rate, elevated GFR GFR > 130  ml/
min/1.73  m2, decreased GFR GFR < 90 ml/min/1.73  m2, NGAL neu-
trophil gelatinase-associated lipocalin

“Normal GFR” 
obese adolescents

“Decreased GFR” 
obese adolescents

Serum uric acid concentra-
tion

 < 0.0001 0.0088

Serum triglycerides con-
centration

0.0006 -

Serum cholesterol concen-
tration

 < 0.0001 -

Urine NGAL concentration 0.0003 -
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CKD. These are increased serum concentrations of uric acid, 
triglycerides, and cholesterol, as well as elevated levels of 
urine NGAL. Finally, in the “decreased GFR” study partici-
pants, normal uric acid concentration was found as a factor 
protecting against CKD development.

The natural course of obesity-related kidney damage 
includes hyper-, normo-, and hypofiltration phases [14]. 
The second of these phases can be particularly trouble-
some. When determining GFR itself (and obtaining a value 
between 90 and 130 ml/min), we may not be aware of the 
fact that this is not a normal result, but a step leading directly 
to hypofiltration.

In the present study, an increased urine NGAL concen-
tration in “normal GFR” obese adolescents strongly cor-
related with Gal-3. This observation may have clinically 
important implications. First, it indicates that NGAL is not 
only an indicator of acute kidney injury [46] but also of 
kidney remodeling. Second, it allows us to recognize those 
apparently “normal GFR” obese adolescents who are just 
before the hypofiltration phase. Third and finally, as men-
tioned above, it can be considered a useful predictor of CKD 
development in “normal GFR” subjects.

Several moderate (both positive and negative) correla-
tions have also been shown between urine Gal-3 concen-
tration and serum adiponectin and albuminuria (“elevated 
GFR” participants), as well as daily megalin excretion and 
NGAL urine concentration and serum uric acid concentra-
tion (“decreased GFR” subjects). These results suggest not 
only the key role of adiponectin in obesity-related kidney 
damage but also indicate megalin and NGAL as markers 
illustrating the progress of kidney injury in obese adoles-
cents who have no arterial hypertension.

BMI z-score > 2 in children and adolescents corre-
sponds to 97.7 percentile and indicates the risk of mul-
tiple organ damage, including kidney injury [29]. These 
subjects are not regarded as overweight individuals (who 
are between 85 and 97.7 percentiles; BMI z-score between 
1 and 2); therefore, the weight loss and appropriate treat-
ment should be initiated promptly. In numerous studies, 
introduction of angiotensin converting enzyme (ACE) 
inhibitors or angiotensin receptor blockers in obese 
patients with proteinuria or biopsy-proven ORG resulted in 
significant decrease of proteinuria [14–16]. What is more, 
ACE inhibitors demonstrated significantly greater antipro-
teinuric effect and the reduction in incidence of CKD and 
kidney failure in obese and overweight patients than in 
those with normal BMI [47]. For this reason, it seems to 
be extremely important to diagnose obesity-related kidney 
damage not only as quickly as possible, but also on the 
basis of more factors than subnephrotic proteinuria alone.

In line with the above, the implementation of dietary 
treatment and the introduction of ACE inhibitors in obese 
adolescents should be adapted to appropriate stage of 

disease defined not only by GFR and albuminuria, but also 
by the increased concentrations of urine Gal-3 and NGAL, 
daily megalin excretion, as well as increased serum uric 
acid concentration.

Study limitations

Several limitations must be mentioned when discussing 
the results of the present study. First, it is a single-center 
study, so our cohort of 142 obese adolescents is not repre-
sentative of the overall national population. Moreover, the 
participants were not randomly selected. Simply, all study 
subjects who met inclusion criteria were involved in the 
study protocol. Third, our study uses data that were col-
lected two years ago and thus might not precisely reflect 
the current epidemiological situation.

None of the study participants had a kidney biopsy. For 
this reason, we were unable to recognize ORG despite the 
presence of subnephrotic albuminuria in any of them. This 
means that potential kidney remodeling in obese adoles-
cents (which we described as obesity-related kidney dam-
age) could only be identified indirectly.

We also present a relatively short observation period. 
Thus, we do not know how many patients would even-
tually develop CKD and kidney failure. The size of the 
“decreased GFR” obese adolescents group is relatively 
small, so it is difficult to draw an unambiguous conclu-
sion that the normal concentration of uric acid may have a 
protective effect on the development of CKD.
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