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Background: The aim of this study is to
evaluate the clinical significance of cystatin
C (CysC) in the newborns who show nor-
mal serum creatinine (Cr) and who are
in an intensive care unit. Methods: From
July 2009 to May 2010, a total of 106 pa-
tients (53 male and 53 female newborns)
in a neonatal intensive care unit at Kyung
Hee Medical Center were enrolled in this
study. When clinicians ordered CysC, it was
tested using HiSens Cystatin-C LTIA (HBi,
An-yang, Korea) on a Toshiba chemical
analyzer (Toshiba, Nasushiobara, Japan).

Results: The range of serum Cr and CysC
was from 0.1 to 0.8 mg/dL and from 1.0
to 2.3 mg/L, respectively. CysC presented
the wider amplitude of the changes in
acute renal failure. Conclusion: In this study,
CysC without an increased Cr showed only
a mild increase. However, CysC reflected
more delicate changes in newborns than
the serum Cr. This characteristic of CysC
could make it very appropriate for a pedi-
atric population, especially for critically ill
newborns. J. Clin. Lab. Anal. 26:267–271,
2012. C© 2012 Wiley Periodicals, Inc.

Key words: cystatin C; creatinine; newborn; acute renal failure

INTRODUCTION

Estimating the glomerular filtration rate (GFR) is im-
portant to assess the renal function. Precise and accurate
methods for assessing the GFR such as insulin clearance
or radioactive markers are laborious for routine clinical
use and they are inappropriate for children, especially for
newborn infants ((1–3)). Therefore, serum creatinine (Cr)
is the most widely used indicator for routine GFR esti-
mation in children. However, it is well known that the
blood Cr level is influenced by the body muscle mass and
it is insensitive to slightly reduced renal function (4, 5).
For these reasons, there are practical needs to search for a
more sensitive and accurate marker than the Cr level. The
blood cystatin C (CysC) level has recently been proposed
as a novel marker for the GFR (3).

CysC is an inhibitor of lysosomal cystein proteinases,
and it is a 13-kD basic protein produced by all nucleated
cells (6,7). CysC is produced at a constant rate, it is freely
filtered by the glomerular basement membranes, and it is

almost completely reabsorbed (2). Unlike Cr, CysC is not
secreted by tubules, even in cases with a reduced GFR,
and it is eliminated from circulation almost exclusively
by glomerular filtration (2,5). The level of CysC does not
appear to be affected by muscle mass and gender (8). Also
unlike Cr, CysC does not cross the placental barrier and
the CysC level after birth probably reflects the degree of
maturation of the glomerular filtration capacity (9).

However, there are only a few studies on CysC that have
focused on newborns or premature infants (10). With this
background, we conducted this study to evaluate the clin-
ical significance of CysC as an early and sensitive marker

∗Correspondence to: Jin Soon Suh, Department of Pediatrics, School
of Medicine, Kyung Hee University, 1 Hoegi-dong, Dongdaemun-gu,
Seoul 130–702, Korea. E-mail: rebekahjs@hanmail.net

Received 18 November 2011; Accepted 8 March 2012
DOI 10.1002/jcla.21516
Published online in Wiley Online Library (wileyonlinelibrary.com).

C© 2012 Wiley Periodicals, Inc.



268 Cho et al.

in newborns in the neonatal intensive care unit (NICU),
especially in newborns with normal Cr levels, and traced
serial follow-up results of these two markers in newborns
with acute renal failure (ARF).

MATERIALS AND METHODS

From July 2009 to May 2010, a total of 106 patients (53
male and 53 female infants) in the NICU were enrolled
in this study at Kyung Hee Medical Center. When clini-
cians ordered CysC, it was tested using HiSens Cystatin-
C LTIA (HBi, An-yang, Korea) on a Toshiba chemi-
cal analyzer (Toshiba, Nasushiobara, Japan). Serum Cr
(Kanto Chemical Co., Tokyo, Japan) and C-reactive pro-
tein (CRP) (Sekisui, Tokyo, Japan) were measured on the
same chemical analyzer. The clinical information was ret-
rospectively obtained by extensive medical chart reviews.
Diagnoses of ARF were made by neonatologist accord-
ing to the risk, injury, failure, loss of kidney function, and
end-stage kidney disease (RIFLE) criteria (11).

The independent t-test was used to compare the mean
values determined in this study. Statistical analyses were
performed with Medcalc 12.0 (Medcalc Software, Mari-
akerke, Belgium) and Excel 2003 (Microsoft, Redmond,
WA). Statistical significance was set at P values < 0.05.

RESULTS

The mean body weight was 2,545 g and the mean height
was 46.84 cm. The mean body mass index (BMI) was 10.7
(Table 1). The main causes of admission to the NICU
were hyperbilirubinemia of the newborn and respiratory
problem such as apnea, respiratory distress syndrome,
and transient tachypnea of the newborn. There were 61
preterm infants among the total newborns. The range of
the serum Cr and CysC levels was from 0.1 to 0.8 mg/dL
and from 1.0 to 2.3 mg/L, respectively. Eleven newborns
(10.4%) had clinical manifestations associated with their
kidney function. One-hundred-three newborns (the 97.5
percentile) showed a CysC level under the 2.1 mg/L (Fig.
1. There were no significant differences for the CysC levels
between the male and female groups, between the preterm
and full-term infants, and between lasix-used infants and
not. The CysC levels showed no significant correlation
with BMI. However, among preterm infants, there was
the significant increase in small for gestational age group
(N = 26) than appropriate for gestational age group (N =
34, P = 0.0003).

Through the medical chart reviews, we found that the
five patients showed ARF and another six patients pre-
sented with oliguria among the total 106 newborns (Table
2). On the retrospective follow-up data of the five ARF
patients, the Cr and CysC levels showed accompanying

TABLE 1. The patients’ demographics and renal parameters

Total patient number 106

Male/Female 53/53
Mean BMI (kg/m2) 10.7
Mean Weight (g) 2,545
Mean height (cm) 46.84
Range of serum Cr (mg/dL) 0.1–0.8
Mean of serum CysC (mg/L) 1.0–2.3

Main diagnosis of the disease entities
Hyperbilirubinemia of newborns 22
Apnea 8
Respiratory distress syndrome 7
Transient tachypnea of newborn 6
Low birth weight infant 5
Meconium plug syndrome 4
Acute gastroenteritis 4
Fetal disatress 3
Convulsion disorder 3
Germinal matrix hemorrhage 3
Hypocalcemia 3
Hypoglycemia 3
Asymmetric intrauterine growth retardation 3
Othersa 32

aMegacolon, congenital ALL, hematochezia, intraventricular hemor-
rhage, hyponatremia, premature rupture of membrane, hyperammone-
mia, neutropenia, anemia, neonatal graves’ disease, amniotic fluid as-
piration syndrome, hypotonia, hydronephrosis, pneumonia, ventricular
septal defect, ileal atresia, etc.
BMI, body mass index; Cr, creatinine; CysC, cystatin C.

Fig. 1. The distribution plot of the serum Cystatin C (CysC) in the
critically ill newborns with normal serum Creatinine (Cr). One hundred
three newborns (97.5 percentile, the vertical arrow) showed a CysC level
under 2.1 mg/L.

changes with similar patterns. The CysC levels showed
wider amplitudes of fluctuation than Cr (Fig. 2).

DISCUSSION

Despite being the most commonly used marker of kid-
ney function, serum Cr is insensitive to small changes
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TABLE 2. The initial tests and nearest follow up laboratory findings for the 12 patients with increased serum CysC levels accompanied
with a normal serum SCr level

Serial The present or
past diagnosis associated

no. with renal impairment Main diagnosis Sex (mg/dL) (g) (mg/dL) (mg/L)

1a ARF PDA, neonatal convulsion, DIC F NA 2,510 0.9 1.3
2a ARF RDS, apnea M <0.5 1,158 0.3 1.4
3a ARF ELBW, RDS PDA, DIC M <0.5 762 0.5 1.4
4a ARF RDS, apnea F <0.5 1,036 0.7 1.5
5a ARF RDS, IVH F NA 626 0.7 1.8c

6b oliguria Birth aspixia, DIC F <0.5 1,614 0.5 1.2
7b oliguria VLBW, RDS, PDA, ASD, M <0.5 13 0.8 1.3
8b oliguria VLBW, Pn M 2.44 1,234 1.1 1.4
9b oliguria ELBW, multiple organ failure F NA 782 1.1 1.4
10b oliguria VLBWI, RDS M <0.5 106 0.6 1.5
11b oliguria NEC, Apnea, DIC F <0.5 1,518 0.5 1.5

aThe serial follow-up data of the serum SCr and CysC levels of these five patients with ARF is presented in Figure 2.
bLasix treatment.
cAmong newborns with having the history of ARF, only one patient shows increased SCysC above 1.7 mg/l [14].
CRP, C-reactive protein; SCr, serum SCr; SCysC, serum cystatin C; ARF, acute renal failure; PDA, patent ductus arteriosus; DIC, intravascular
coagulation; RDS, respiratory distress syndrome; ELBW, extremely low birth weight; IVH, intraventricular hemorrhage; VLBW, very low birth
weight; ASD, atrial septal defect; Pn, pneumonia; NEC, necrotizing enterocolitis; UTI, urinary tract infection; AGE, acute gastroenteritis; M,
male: F, female; NA, not available.

in renal function and it is also proportional to muscle
mass and body weight, which increase with growth. Be-
sides the bilirubin interface in the Jaffe method, Cr has
significant shortcomings to assess the neonatal renal func-
tion as follows. First, Cr in the first few days of life reflects
the mother’s renal function and not the infant’s renal func-
tion (12). Second, the distribution of the normal serum
Cr values is dependent on the level of prematurity and age
(13). Finally, once an infant receives dialysis, Cr can no
longer be used to assess kidney function since Cr is easily
dialyzed (12).

Many other renal markers such as neutrophil gelatinase-
associated lipocalin (NGAL) and CysC have been devel-
oped, and they are undergoing clinical verification in pedi-
atric patients. The CysC concentrations may more closely
reflect the GFR in premature infants as they are unaf-
fected by these physiological variables (10). We previously
investigated CysC in pediatric group (7,14). In this study,
we planned to evaluate the clinical meaning of CysC in
newborns with normal Cr levels.

In our study, 103 newborns (97.5 percentile) showed
CysC levels under the 2.1 mg/L, and CysC levels without
increased Cr showed only mild increases. There were 11
patients (10.4%) who had clinical manifestations associ-
ated with their impaired renal function. However, Novo
et al. suggested the reference range of CysC for the neona-
tal period. In their study, one patient showed the CysC
level above the upper reference limit, >1.7 mg/L (15).
Figure 2 shows the serial follow-up data of serum Cr and
CysC in the five newborns with ARF (see Table 2. In
these graphs, although two markers move with the similar

pattern, CysC shows wider amplitude of the fluctuation.
Therefore, clinical progress such as the improvement or
aggravation of disease could be more easily recognized
through CysC than Cr. This characteristic of CysC, that
it is more sensitive to small changes, could be an advantage
for a pediatric population, and especially to newborns in
whom the monitoring of minute changes should not be
overlooked.

The Cr levels fall to a nadir at the age of 4 months and
then they gradually rise to adult levels by about 15–17
years of age as the muscle mass develops (16–18). Al-
though higher values of Cr were reported in newborns
during the first months of life, the age cut off remains
under discussion (8). In CysC, the currently used normal
reference intervals are the same for adults and children, al-
though it has been reported that higher values are found
in newborns regardless of gender, weight, or the child’s
height (19). Kaneko suggested that the decrease in the
CysC levels reflects renal maturation because the GFR
develops rapidly to maturity in the first 2 to 3 years of
life, and children younger than 3 years are characterized
by a “physiologically impaired GFR” (16, 20). Another
previous study of CysC in healthy controls showed that
reference serum CysC levels gradually decreased, from
about 1.5 to 0.8 mg/L, during the year after birth, and
then remained about 0.7 mg/L (21). Therefore, caution is
required for very young children and premature infants in
whom increased CysC may reflect a low GFR as part of
the renal maturation process (22,23). Our study had some
limitations. Because almost newborns had comorbidities
shown in Table 1 and the majority was under 1 week in
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Fig. 2. Serial follow-up data of the serum creatinine (Cr) and cystatin C (CysC) in the five newborns having the medical history of acute renal
failure in Table 2. During the 2 months of follow-up, these two markers moved with the similar pattern. However, CysC showed the wider amplitude
of changes. Patients number 3 and 5 showed increased CRP levels (patient 3; 1.0–1.5 mg/dL, patient 5; 0.7–5.0 mg/dL), while patients number 1,
2, and 4 had CRP value within the reference range.

chronologic age after birth, comparative studies among
subgroups according to the comorbiditiy or chronological
age were not performed in this study. Therefore, further
study must be followed in these subjects. We also hope
that studies could be performed in the near future to de-
termine the relationship between CysC and the levels of
other parameters such as birth weight, gestational age,
CysC/Cr ratio, and CRP in newborns (23).
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