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Leptin, hs-CRP, IL-18 and urinary protein before and
after treatment of children with nephrotic syndrome
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Abstract. We aimed to analyze the changes in plasma leptin,
serum inflammatory factors and urinary protein in children with
nephrotic syndrome before and after treatment and their clinical
significance. A total of 28 children treated and diagnosed with
nephrotic syndrome between November 2015 and October 2016
were selected as treatment group, while 25 healthy children were
selected as control group. There were no statistically significant
differences in age, sex, body mass index (BMI), serum albumin
and other general data between treatment group and control
group (P>0.05). There was a positive correlation between
serum high-sensitivity C-reactive protein (hs-CRP) level and
24 h urinary protein level in children with nephrotic syndrome
before treatment (r=0.408, P=0.005). Twenty-four hours urinary
protein, urea nitrogen (BUN) and serum creatinine (SCr) levels
in children with nephrotic syndrome before treatment were
significantly higher than those in normal children, and these
indexes were significantly decreased after treatment. The levels
of plasma leptin and serum inflammatory factors (hs-CRP and
IL-18) in children with nephrotic syndrome before treatment
were obviously higher than those in normal children, and these
indexes were obviously decreased after treatment. In conclusion,
the detection of changes in plasma leptin, serum inflammatory
factors (hs-CRP and IL-18) and urinary protein in children with
nephrotic syndrome before and after treatment has important
reference value for reflecting the severity of disease and evalu-
ating the prognosis of children with nephrotic syndrome.

Introduction

Multiple causes lead to impaired glomerular filtration function,
so that a large amount of albumin in plasma leak into the urine
of patients, becoming a disease of albuminuria, which is called
nephrotic syndrome, one of the more common diseases in the
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pediatric urinary system (1). It is clinically believed that the
pathogenesis of the disease is not yet very clear. Most of the
views believe that it is related to the immune system dysfunc-
tion (2). Nephrotic syndrome is often accompanied by various
infectious diseases due to immune dysfunction. A variety of
cytokines related to immune regulation play a role in promoting
the glomerular dysfunction in nephrotic syndrome (3). The over-
reaction of inflammatory system and overexpression of serum
level of high-sensitivity C-reactive protein (hs-CRP) in children
with nephrotic syndrome accelerates the inflammatory reaction
process and further aggravates vascular endothelial injury (4).
The load remodeling of renal blood vessels, the increased
glomerular filtration rate and the increased urinary protein
in patients aggravate the severity of nephrotic syndrome (5).
In addition, the main treatment of nephrotic syndrome is to
use hormones, but hormones often lead to varying degrees of
obesity in children (6). In the human body, there is a polypeptide
hormone leptin synthesized and secreted by fat cells, the main
role of which is to regulate the body's lipid metabolism (7). It is
closely related to the body weight of children and the severity
of the disease, and it also affects the 24 h urinary protein
quantitative in children (8). However, at present, the judgment
of the patient's condition is not very clear through the detection
of plasma leptin and serum inflammatory factors hs-CRP and
interleukin-18 (IL-18) in children with nephrotic syndrome, and
more evidence-based bases are needed to support it.

Patients and methods

General data. A total of 28 children diagnosed with nephrotic
syndrome in People's Hospital of Rizhao (Rizhao, China) from
November 2015 to October 2016 were selected as the treatment
group, another 25 healthy children were selected as the control
group, including 30 males and 23 females aged 5-13 years
old with an average age of 8.56+2.72 years old. By collecting
the patients' age, sex, serum albumin and other basic data,
all patients included in the treatment group were diagnosed
with nephrotic syndrome according to the About Clinical
Classification, Diagnosis and Treatment Recommendation
of Glomerular Diseases in Children designated by Chinese
Medical Association of Pediatrics in 2000. Exclusion criteria:
child patients aged over 14 years old; child patients with
first-onset nephrotic syndrome; patients with no history of
recurrence and without treatment with glucocorticoids or drugs
related to mediation of immunity prior to treatment; tumor
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patients; patients with severe circulatory system, metabolic
system, urinary system, or immune system diseases; patients
who exited midway or had incomplete clinical data. This study
was approved by the Ethics Committee of People's Hospital of
Rizhao. Signed written informed consents were obtained from
the parents/guardians of all patients before the study.

Methods. Children with nephrotic syndrome received routine
treatment after admission, of which the most important was
the treatment with hormones and immunosuppressive agents
with the whole course of treatment of 8-10 weeks, while
children in the healthy control group did not received any
treatment. Detection of the plasma leptin levels, inflamma-
tory factors and renal function: 20 ml of morning fasting
peripheral venous blood was collected from patients in the
treatment group on the day before treatment. The leptin level
was measured by radioimmunoassay, the levels of hs-CRP and
IL-18 were measured by immunoturbidimetry, the levels of
blood urea nitrogen (BUN) and serum creatinine (SCr) were
measured by enzyme-linked immunosorbent assay (ELISA).
Meanwhile, levels of serum leptin, hs-CRP, IL-18, BUN and
SCr of patients in the control group were also determined by
the same method at the same time. Moreover, the levels of
serum leptin, hs-CRP, IL-18, BUN and SCr of patients in the
treatment group were also determined by the same method at
2 weeks, 3 months and 6 months after treatment. The kits were
supplied by the Bender (Vienna, Austria).

Detection of urinary protein: 24 h urine specimens of
patients in the treatment group were collected one day before
the treatment, and the 24 h urinary protein quantitative was
calculated. Meanwhile, the 24 h urinary protein quantitative of
patients in the control group was detected by the same method
at the same time. Moreover, the 24 h urinary protein of patients
in the treatment group was quantified by the same method at
2 weeks, 3 months and 6 months after treatment.

Statistical analysis. The data were processed by SPSS 19.0
software (IBM, Armonk, NY, USA), collection data were
expressed by mean + SD, enumeration data were compared by
y* test, correlation analysis was used for two factors, and P<0.05
suggested that the difference was statistically significant.

Results

Comparisons of general conditions between the treatment
group and the control group before treatment. There were no
statistically significant differences in the age, sex, body mass
index (BMI) and serum albumin between the treatment group
and the control group before treatment (P>0.05), and the data
were comparable (Table I).

Correlation analysis of inflammatory factors and 24 h urinary
protein in treatment group before treatment. The serum
hs-CRP factor level in the treatment group before treatment
was positively correlated with the 24 h urinary protein level
(r=0.408, P=0.005), with statistical significance (Fig. 1).

Comparison of peripheral plasma leptin levels between the
treatment group and the control group before treatment, and
at 2 weeks, 3 months and 6 months after treatment. The plasma
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Table I. Comparisons of general data between the treatment
group and the control group before treatment.

Treatment Control
group group
General data (n=28) (n=25) P-value
Age (years) 8.38+1.96 8.72+2.05 0.871
Sex (male/female) 16/12 14/11 0.905
BMI (kg/m?) 2243571  20.78+4.93 0.059
Serum albumin (g/1) 17.72+2.75  17.82+3.91 0.051

Table II. Comparison of leptin levels between the treatment
group and the control group before treatment, at 2 weeks,
3 months and 6 months after treatment.

Group Leptin (ug/1)
Control group (n=25) 9.26+2.89
Treatment group (n=28)
Before treatment 29.78+5.95
After treatment
2 weeks 20.81+3.41
3 months 13.17£2.57
6 months 10.08+1.26

i) Compared with the same group before treatment, P<0.01; ii) com-
pared with the control group before treatment, P<0.01; iii) compared
with the control group 6 months after treatment, P>0.05
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Figure 1. Correlation between high-sensitivity C-reactive protein (hs-CRP)
and 24 h urinary protein.

leptin level in the treatment group was significantly higher
before treatment than that in the control group, significantly
lower at 2 weeks after treatment than that before treatment,
significantly lower at 3 months after treatment than that at
2 weeks after treatment, and significantly lower at 6 months
after treatment than that at 2 weeks after treatment and before
treatment, and the differences were statistically significant
(P<0.05); there was no significant difference in plasma leptin
level between the treatment group and the healthy control
group at 6 months after treatment (P>0.05) (Table II).
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Figure 2. The trends of 24 h urinary protein (A) and high-sensitivity C-reactive protein (hs-CRP) (B) in the treatment group before treatment, and at 2 weeks,

3 months and 6 months after treatment.

Table III. Comparison of the levels of hs-CRP and IL-18
between the treatment group and the control group before
treatment, at 2 weeks, 3 months and 6 months after treatment.

Table IV. Comparison of 24 h urinary protein, BUN and SCr
between the treatment group and the control group before
treatment, at 2 weeks, 3 months and 6 months after treatment.

Group hs-CRP (mg/1) IL-18 (pg/ml)
Control group (n=25) 2.05+£0.94 39.16+0.17
Treatment group (n=28)
Before treatment 5.36+1.54 59.63+£15.02
After treatment
2 weeks 4.07+1.36 52.39+11.22
3 months 2.95+0.98 43.61+4.16
6 months 2.11+£0.53 39.15+£2.79

i) Compared with the same group before treatment, P<0.01; ii) com-
pared with the control group before treatment, P<0.01; iii) compared
with the control group 6 months after treatment, P>0.05. hs-CRP,
high-sensitivity C-reactive protein; IL-18, interleukin-18.

Comparisons of the levels of hs-CRP and IL-18 in peripheral
blood serum between the treatment group and the control
group before treatment, and at 2 weeks, 3 months and 6 months
after treatment. The levels of peripheral serum inflammatory
factors hs-CRP and IL-18 in the treatment group were signifi-
cantly higher before treatment than those in the control group,
significantly lower at 2 weeks after treatment than those before
treatment,significantly lower at 3 months after treatment than
those at 2 weeks after treatment, and significantly lower at
6 months after treatment than those at 2 weeks after treatment and
before treatment, and the differences were statistically signifi-
cant (P<0.05); the levels of inflammatory factors in the treatment
group at 6 months after treatment were not significantly different
from those in the healthy control group (P>0.05) (Table III).

Comparisons of the levels of 24 h urinary protein, serum BUN
and SCr between the treatment group and the control group
before treatment, and at 2 weeks, 3 months and 6 months after
treatment. The levels of 24 h urinary protein, BUN and SCr in
the treatment group were significantly higher before treatment
than those in the control group,significantly lower at 2 weeks

SCr
(ummol/l)

24 hurinary BUN

Group protein (g) (mmol/l)

Control group (n=25) 1.01+0.23 4.32+0.88 63.58+14.4

Treatment group (n=28)
Before treatment
After treatment

6.32+2.57 7.09+4.14 115.76+22.56

2 weeks 508+£1.98 6.01+£3.82 90.31+18.25
3 months 3.02+1.14 4.93+3.61 79.54+9.57
6 months 1.31+0.98 4.34+1.27 64.37+10.63

i) Compared with the same group before treatment, P<0.01; ii) com-
pared with the control group before treatment, P<0.01; iii) compared
with the control group 6 months after treatment, P>0.05. BUN, urea
nitrogen; SCr, serum creatinine.

after treatment than those before treatment, significantly lower
at 3 months after treatment than those at 2 weeks after treat-
ment, and significantly lower at 6 months after treatment than
those at 2 weeks after treatment and before treatment, and the
differences were statistically significant (P<0.05); there were
no significant differences in 24 h urinary protein, BUN and
SCr levels between the treatment group and the healthy control
group at 6 months after treatment (P>0.05) (Table IV).

The trends of serum hs-CRP and 24 h urinary protein in the
treatment group before treatment, and at 2 weeks, 3 months
and 6 months after treatment. The serum inflammatory
factors levels and 24 h urinary protein in the treatment group
before treatment, and at 2 weeks, 3 months and 6 months after
treatment showed decreasing trends (Fig. 2).

Discussion

Glomerular dysfunction caused by different reasons may
lead to nephrotic syndrome. Because the pathological type
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of the disease is numerous, and the mechanism is not very
clear (9), it often brings difficulties to clinicians in the treat-
ment. The most common clinical manifestation is low serum
protein level due to leakage of urinary protein, generally
below 3.5 grams (10). If the patient is in a low-protein state
for a long time, the colloid osmotic pressure in the human
body will decrease, and the patient will then have symptoms
such as edema (11). In pediatric urinary system, nephrotic
syndrome is one of the common diseases, whose main treat-
ment is to use hormones and immunosuppressive agents (12).
Numerous research data have shown that the plasma leptin
level is closely related to the severity of impaired renal func-
tion, and the more serious the renal function damage is, the
higher the plasma leptin level is (13). This study found that
the plasma leptin level in children with nephrotic syndrome
was significantly higher than that in the healthy control group,
and significantly lower after treatment than that before treat-
ment. The leptin level after 6 months of treatment was not
significantly different from that in the healthy control group,
which was consistent with numerous research data. The main
reason for the increased leptin in nephrotic syndrome is the
decreased glomerular filtration rate (14). Second, impaired
immune function in children, deficiency of complement
factors, and low serum protein malnutrition and many other
factors will lead to an increase in plasma leptin level in chil-
dren with nephrotic syndrome (15).

On the other hand, in the immune system, IL-18 plays
an important role in maintaining the balance of the immune
system (16). Mononuclear macrophages, B cells, killer cells
and other factors in the human body can synthesize and
secrete IL-18, and IL-18, in turn, can promote the macrophage
and other response. These immune cells will cause damage to
the immune response of the kidney to some extent (17). At the
same time, the overreaction of inflammatory system and over-
expression of hs-CRP in children with nephrotic syndrome
lead to the deformation of vascular endothelial tissue cells
and an increase of resistance (18). hs-CRP can also lead to the
production and secretion of angiotensin receptor and vascular
endothelium-secreting plasminogen activator inhibitor,
resulting in different degrees of hardening of arteries (19),
deposited on vascular endothelial cells in the form of immune
complexes, causing the release of another inflammatory factor
in the process of attacking vascular endothelium, and eventu-
ally leading to renal vascular damage, glomerular filtration
dysfunction, impaired renal function and 24 h urinary protein
quantitative increase. This study concluded that the levels of
inflammatory factors in children with nephrotic syndrome
before treatment were significantly higher than those in chil-
dren in the healthy control group, and significantly lower after
treatment than those before treatment. From the correlation
analysis, and the change trends of inflammatory factors and
24 h urinary protein before and after treatment, it can be seen
that the higher levels of inflammatory factors in children with
nephrotic syndrome, the more serious damage to the kidneys.

In conclusion, the detection of plasma leptin, serum
inflammatory factors hs-CRP and IL-18 levels in children with
nephrotic syndrome is crucial for the judgment of the severity
of disease, and it is of important reference value in improving
the treatment and prognosis of children with nephrotic
syndrome.
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