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Abstract

Introduction Chronic renal failure (CRF) compromises
nutrition, growth, puberty, glycometabolic homeostasis,
and adipokine secretion (i.e. adiponectin, resistin, and
leptin). Adipokines play a role in the clinical outcome, but
data in paediatric patients is scant.

Aim To evaluate the link between kidney function,
adiponectin, resistin, leptin, hormonal status, nutritional
state and late outcome of CRF children.

Materials and methods We studied leptin, adiponectin
and resistin levels in 31 CRF patients (19 males, 12
females, aged 12.1 + 4.47 years) managed conservatively,
and 30 healthy age- and gender-matched controls. Clinical,
auxological, biochemical, hormonal data, glucose and
insulin levels were correlated with adipokine levels.
Results Six percent of patients had glycaemia
TO > 126 mg/dl, 23 % glycaemia T60' > 126, and 23 %
glycaemia T120" > 140. Glycated haemoglobin (HbAlc)
measured during follow-up was in the normal range in all
patients (4-5.6 %). Insulinaemia was significantly higher
in CRF patients than controls. Homeostatic model of
assessment-insulin resistance (HOMA-IR) levels were
more elevated in patients (32 % had HOMA-IR > 2.5)
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than controls. Leptin levels were significantly higher in
CRF patients than controls and differed significantly
between males and females. Leptin correlated significantly
with creatinine, body mass index (BMI), BA, pubertal
stage, insulin-like growth factor 1, and HOMA-IR in
females. Adiponectin levels were significantly higher in
patients than controls, higher in patients with BMI < 85th
centile and significantly inversely correlated to BMI, BA,
haemoglobin, ferritin, proteins, albumin, and creatininuria.
Resistin levels showed a direct correlation with C-reactive
protein and an inverse correlation with haemoglobin.
Conclusion Normal resistin levels are an expression of
both adequate nutritional state and controlled inflammatory
state. Adiponectin could protect against chronic inflam-
mation, atherosclerosis, and cardiovascular diseases. Pre-
venting obesity and ensuring a correct nutritional state are
primary goals for physicians following children with CRF.
Adipokines could be a useful marker in the follow-up.

Keywords Chronic renal failure - Adipokines -
Leptin - Adiponectin - Resistin - HOMA-IR

Introduction

Chronic renal failure (CRF) is a possible fearful evolution
of severe paediatric congenital and/or acquired kidney
diseases. In the most severe cases it could lead to the need
for dialysis with further complications for the patients’
clinical outcome [1]. CRF compromises growth [2, 3] and
puberty, glycometabolic and lipid homeostasis, nutritional
status [4, 5] and the endocrine profile of these children.
Growth delay is present in more than 50 % of CRF chil-
dren and several of these patients have a stature <—2
standard deviation score (SDS) [4]. Adipose tissue is a
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candidate for secretive disarray, with possible interference
in adipocytokine secretion, also mediated by inflammation
mediators such as tumor necrosis factor oo (TNFa), inter-
leukin (IL)-1 and IL-6 [6]. Several studies have demon-
strated the influence of leptin on growth and puberty [7],
the role of resistin on glycometabolic state and insulin
resistance [8], and the importance of adiponectin as an anti-
inflammatory and antiatherogenic factor [9]. However,
there are few published reports in the literature evaluating
the role of adipokines in CRF children and adolescents
[10-14].

Malnutrition is a severe consequence of paediatric CRF
with low caloric and protein intake. It depends on several
factors, such as anorexia, ageusia linked to Zn deficiency,
catabolic state and muscular compromission, endocrine
anomalies, dialysis with possible growth failure and
pubertal delay [5].

Adipocytes secrete several peptides with endocrine and
immunologic properties such as leptin, adiponectin, resi-
stin, TNFo, IL-1 and IL-6. An inflammatory state induces
secretion of several peptides by adipocytes, such as adi-
pokines and cytokines: macrophages are the bridge
between inflammation and adipocytes activity. In fact the
two specific lines of cells show common gene expression
of both adipokine and cytokine synthesis [15, 16].

Subjects and methods

We studied 31 paediatric patients (19 males, 12 females),
aged 12.1 £ 4.47 years, with CRF defined by the Schwarz
formula, managed conservatively. Informed consent was
obtained from the patients’ parents prior to subjects’
inclusion in the study. The study was approved by the
ethical committee of our hospital and was performed in
accordance with the ethical standards laid down in the 1964
Declaration of Helsinki.

We evaluated clinical and biochemical data: blood urea
nitrogen (BUN), creatinine, proteins, albumin, haemoglo-
bin (Hb), cholesterol, high-density lipoprotein (HDL), tri-
glycerides, C-reactive protein (CRP), ferritin; auxological
parameters: stature, weight, bone age, pubertal stage with
testicular volume or ovary echographic diameters, body
mass index (BMI); glucose and insulin levels: fasting and
post-prandial glucose, insulin, c-peptide, homeostatic
model of assessment-insulin resistance (HOMA-IR),
homeostatic model of assessment-beta-cell function
(HOMA %p); endocrine patterns: follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), estradiol, testos-
terone, adrenocorticotropic hormone (ACTH), cortisol,
thyroid stimulating hormone (TSH), free thyroid hormones
fT3 and fT4, prolactin (PRL), and insulin-like growth
factor 1 (IGF-1). The above data were correlated with
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adipokine (leptin, adiponectin, resistin) levels. We com-
pared all the data with a control group of 30 healthy chil-
dren matched for gender and age.

All blood samples were collected in the morning after
overnight fasting. Adipokines were measured using enzyme-
linked immunosorbent assay (ELISA) tests (Linco Research,
St Charles, MO, USA). Test sensitivity was 0.5, 0.78,
0.16 ng/ml for leptin, adiponectin and resistin respectively.
TSH was assessed by an immunometric assay in chemilu-
minescence in solid phase; fT3 and fT4 were evaluated by an
immunoenzymatic assay in chemiluminescence in solid
phase; cortisol, FSH and LH were measured by an immu-
noenzymatic assay in chemiluminescence.

All variables were tested for normality with the
Anderson—Darling normality test. All variables were
expressed as mean =+ standard deviation (M £ SD). The
degree of linear relationship between clinical, microbio-
logical and biochemical parameters was calculated using
Pearson’s product moment correlation coefficient; statisti-
cal significance was considered at p values <0.05. Calcu-
lations were performed using MiniTAB release 13.1
Statistical Software.

Results

Biochemical parameters regarding kidney function, nutri-
tional and inflammatory indexes are reported in Table 1.
BMI was 20.53 &+ 5.07 with no significant gender differ-
ence; 4 patients (13 %, 2 females, 2 males) had a
BMI < 10th centile; 20 patients (58 %, 12 males, 8
females) had a BMI 10-85th centile and 7 patients (23 %,
2 females, 5 males) had a BMI > 85th centile.

Blood pressure (BP), evaluated in all patients, showed
systolic BP 112 &+ 17 mmHg and diastolic BP
71 £ 12 mmHg. There were no significant differences
between BP values of males and females. Hypertension
was evidenced in eight patients (25.8 %); six of them
received anti-hypertensive drugs (angiotensin-converting-
enzyme inhibitors). Systolic BP was significantly corre-
lated to BMI (p = 0.004; r = 0.506); diastolic BP was
correlated to BMI (p = 0.446; r = 0.142).

Glycaemia TO was 91.81 & 18.38 mg/dl; glycaemia
T60": 118.96 + 26.28 mg/dl; glycaemia T120": 115.13 +
35.04 mg/dl; 2 patients (6 %) had glycaemia TO' > 126
mg/dl; 7 patients (23 %) had glycaemia T60’ > 126 mg/dl;
7 patients (23 %) had glycaemia T120" > 140 mg/dl. Gly-
cated haemoglobin (HbAlc) detected during follow-up was
in the normal range in all patients (4-5.6 %).

Insulinaemia was 13.16 £ 18.05, and significantly
higher than in controls (9.1); HOMA-IR was 3 + 4.14,
higher than in controls (1.84). Ten patients (32 %) had
HOMA-IR > 2.5.
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Table 1 Metabolic findings in CRF patients vs. controls

M =+ DS (median) Controls M =+ DS (median) M =+ DS (median)

CREF total population CRF males CRF females
Total proteins (g/dl) 6.9 £ 0.54 (7) 6.4-8 7.02 + 0.47 (7) 6.83 £+ 0.63 (6.8)
Albumin (g/dl) 4.75 £ 0.42 (4.8) 3.84.5 4.81 £ 043 (4.9) 4.68 £ 0.43 (4.6)
Haemoglobin 12.73 £+ 1.89 (12.9) 12-15 12.86 £ 2.05 (12.9) 12.53 £ 1.66 (13.2)
Ferritin 69.9 + 65.5 (39) 45-120 93.8 + 73.8 (74) 31.92 + 14.6 (26)
CRP 0.52 + 1.13 (0.09) 0.01-0.5 0.71 £ 1.4 (0.14) 0.21 + 0.34 (0.07)
Serum creatinine 1.33 £ 0.59 (1.2) 0.5-0.9 1.28 + 0.42 (1.2) 1.41 + 0.8 (1.25)
BUN 28.29 + 13.92 (23) 15-26 28.26 + 11.61 (23) 28.33 £ 17.54 (23)
Creatinine clearance 63.63 £ 17.54 (61.60) 61.58 £+ 13.66 (61.6) 66.91 + 22.68 (65.61)
Cholesterol 175.94 £ 30.52 (180) 100-160 175.05 £ 34.45 (179) 177.33 £+ 24.37 (184)
HDL-c 50.50 £ 10.16 (48) 41-46 49.88 £ 8.09 (49) 51.45 £ 13.13 (48)
Triglycerides 100.2 £ 62.1 (90) 90-120 95.95 £ 36.17 (92) 107.00 £+ 91.1 (77)

CRF chronic renal failure; CRP C-reactive protein; BUN blood urea nitrogen; HDL-c cholesterol, high-density lipoprotein

Table 2 Clinical and endocrine findings in CRF patients vs. controls (in italics) expressed as median £ standard deviation (M £ SD)

CRF patients CRF males CRF females p values
Controls Control males Control females

Age 12.13 £+ 4.47 (13) 11.11 + 4.86 (10) 13.75 £ 3.33 (15) >0.05
12.50 £ 1.72 (13.80) 13.60 £+ 1.25 (14.10) 12.10 £ 1.35 (12.45)

Tanner stage 3) 2) “4) >0.05
(3) 2 “

BMI (centile) 52.40 + 33.90 (50) 53.71 £ 33.77 (50) 50.3 + 35.5 (51.5) >0.05
835+ 35

HOMA IR 3 4+ 4.14 (0.895) 2.68 £+ 3.50 (2.10) 3.52 £ 5.13 (1.51) <0.01
1.84 £+ 0.78 (1.96)

Leptin (ng/ml) 24.72 £ 30.95 (8.49) 15.58 £ 21.65 (3.21) 39.2 4+ 384 (24) <0.01
3.97 £ 4.52 (2.43) 2.27 £ 1.39 (2.34) 6.16 + 6.73 (4.39)

Adiponectin (pg/ml) 18.89 £ 8.57 (17) 17.24 £ 7.72 (17) 21.50 £ 9.52 (19) <0.01
8.63 + 1.67 (8.38) 7.8 £ 1.52 (7.78) 9.88 + 1.04 (9.83)

Resistin (ng/ml) 9.03 + 1.46 (9.36) 8.88 + 1.73 (9.01) 9.26 + 0.92 (9.59) >0.05

93+ 42 (8.3

9.3 + 2.9 (9.8)

9.2 +6.2(7.3)

CRF chronic renal failure, BMI body mass index, HOMA-IR homeostatic model of assessment-insulin resistance

We found a statistically significant direct correlation
between HOMA-IR and BUN (r = 0.671; p < 0.002),
between HOMA-IR and creatininemia (r = 0.676;
p < 0.002), between insulinaemia and BMI (r = 0.416;
p = 0.011) and between IGF-1 and proteins (r = 0.510;
p = 0.011). HOMA-IR was directly correlated with BMI
(r = 0.32; p = 0.057), but did not reach statistical signifi-
cance. No correlations were found between either nutritional
indexes (albumin, haemoglobin, ferritin) or inflammatory
markers (CRP) and insulinaemia or HOMA-IR.

IGF-1 was 346.1 £ 211.5 ng/ml (females 409.58 +
214.97; males 257.64 £ 182.1). Leptin was 24.72 +
30.95 ng/ml (males 15.58 &+ 21.65; females 39.2 + 38.4)
with a significant difference between males and females
(p < 0.001) and was significantly higher (Table 2) in CRF

patients than controls (3.97 £ 4.52; p < 0.001). Adipokine
levels are reported in Table 2. Leptin showed a significant
correlation with: creatinine (r = 0.535; p = 0.001), BMI
(r=10.786; p = 0.000), BMI centiles (r = 0.693;
p = 0.000), BA (r = 0.367; p = 0.042), pubertal stage
(r =0.360; p = 0.047), IGF-1 (r =0.611; p = 0.002),
and HOMA-IR in females (r = 0.602; p = 0.038). Leptin
was correlated, but not significantly so, with both systolic
(p =0.076; r =0.323) and diastolic BP (p = 0.573;
r = 0.105).

Adiponectin levels were significantly higher in patients
than controls (18.89 £ 857 vs. 8.63 £ 1.67 pg/ml;
p < 0.001), and more elevated in CRF females (males
17.18 £ 7.75; females 21.5 & 9.51) (Table 2). Adiponec-
tin levels were higher in patients with BMI < 85th centile
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than BMI > 85th centile (20.33 £ 8.87 vs. 15.18 £ 9.67)
and showed a significant inverse correlation with BMI
(r = —0.403; p = 0.025), BA (r = —0.392; p = 0.029),
haemoglobin (r = —0.368; p = 0.041), ferritin (r =
—0.408; p = 0.023), proteins (r = —0.648; p = 0.000),
albumin (r = —0.485; p = 0.006), and creatininuria
(r = —0.356; p = 0.049). An inverse correlation between
adiponectin and BP was observed, but it did not reach
statistical significance for either systolic (p = 0.200;
r = —0.237) or diastolic BP (p = 0.200; r = —0.101).

Resistin  levels were 9.03 & 1.46 ng/ml (males
8.87 £ 1.72; females 9.26 &= 0.91; see Table 2) with no
significant difference vs. controls. Resistin presented a
direct correlation with CRP (r = 0.371; p = 0.040) and an
inverse correlation with Hb (r = —0.475; p = 0.047) and
fT4 (r = —0.394; p = 0.028).

Discussion

CREF is associated with an increased risk of cardiovascular
disease. Hyperinsulinaemia and insulin resistance are risk
factors for cardiovascular disease, also mediated by
inflammation and malnutrition. The high glycaemia, insu-
linaemia and HOMA-IR observed in our mild-moderate
CRF patients are an expression of insulin resistance. The
early occurrence in young patients, also in moderate
impaired kidney function, is a significant cardiovascular
risk factor with a significant prognostic impact.

As reported in the literature in adult patients [17, 18],
leptin levels were significantly higher in our patients with
CRF than in controls. Only one study evaluated leptin
levels in children with CRF, but on haemodialysis treat-
ment [11]. At the other end of the treatment spectrum, we
detected leptin in children with CRF conservatively man-
aged. Increased leptin levels in CRF may depend on
reduced glomerular filtration velocity, chronic inflamma-
tion, and hyperinsulinism. In fact, in our patents a direct
correlation with creatinine (p < 0.05), insulin (p = 0.05),
and HOMA-IR (p < 0.05) was found. Furthermore we
evidenced a direct statistically significant correlation with
nutritional parameters (BMI, and IGF-1).

As reported in the literature, serum resistin levels
increase with a decline in the glomerular filtration rate
(GFR) which is involved in the inflammatory milieu
present in CRF [10]; in our patients normal levels of res-
istin were an expression of an adequate nutritional and
metabolic status, maintained insulin sensitivity and con-
trolled inflammatory state: resistin could be a useful marker
in the follow-up of these patients.

Adiponectin levels are reported to be elevated in adult
patients with CRF [18-23], but only a few studies have
published data related to paediatric patients [12—14]. Our
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study confirmed higher adiponectin levels in paediatric
patients with CRF vs. controls; as reported in the literature
[14], in our patients adiponectin showed, in children with
BMI < 85th centile, levels higher than in children with
BMI > 85th centile, with a significant direct correlation
with creatinine clearance (p < 0.005).

On the contrary in obese adult patients with CRF, BMI
is the factor with the strongest influence on adiponectin
secretion [23]: we confirmed these results also in children
with CRF. Adiponectin could be a protective factor against
chronic inflammation [24], insulin resistance [12], athero-
sclerosis and cardiovascular diseases in this group of
patients. For this reason obese CRF patients could have an
enhanced risk of cardiovascular accidents, with respect to
CREF lean patients [25] because they do not benefit from the
protective advantages of higher adiponectin levels [12].

The strong correlation between leptin or adiponectin and
BMI [13, 26] highlights the role of correct nutrition in
nephropathies [27]; in fact an adequate control of BMI ensures
good adipokine concentrations, helpful to combat anorexia
and prevent cardiovascular involvement [12, 14, 28].

For these reasons the prevention of obesity and ensuring
a correct nutritional state are primary goals for physicians
who follow children with CRF.

The inverse correlation between adiponectin and BP
values highlights the role of adiponectin as a protective
factor with anti-hypertensive and anti-atherogenic proper-
ties [29]. Adiponectin was lower in patients with higher
systolic and/or diastolic BP values. Also leptin was directly
correlated with BP values, especially with systolic BP. The
statistically significant inter-correlation between systolic
BP, BMI and leptin emphasizes the role of leptin as a
marker of adequate nutritional state with prognostic con-
sequences. Recently, high leptin levels were reported to be
correlated to the risk of developing CRF later in life [30].
We propose the role of increased leptin levels as a indicator,
linked to overweight, of CRF progression in children.

These findings stress the essential role of an integrated
follow-up of children and adolescents with CRF in order to
maintain an adequate nutritional state and prevent over-
weight, reducing cardiovascular risk and ameliorating the
long-term prognosis [30].
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