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1. Introduction

Despite recent improvements in the survival rates of

very-low-birth-weight (VLBW) infants (birth weight < 1500 g), kidney

dysfunction remains associated with poor outcomes.1, 2) Because nephron

development is completed between 32 and 36 weeks of gestation,3)

VLBW infants have small nephrons due to their lower gestational ages.4)

Renal function depends on nephron mass, which is proportional to the

number of perfused glomeruli.5) Accordingly, VLBW infants are at a

high risk of impaired renal function and are more vulnerable to renal

injury caused by antibiotics and nephrotoxic medications.6-8) However,

unlike respiratory and cerebral functions, renal function in VLBW

infants has not been thoroughly studied. Glomerular filtration rate (GFR)

is the best measure of renal function.9) However, accurate measurement

of GFR in VLBW infants is problematic owing to a lack of availability

of the gold standard inulin.

Serum creatinine (Cr) is traditionally used to estimate GFR.

Despite its wide application, its use is associated with several

limitations. In particular, Cr levels may not change until 25–50% of

kidney function has already been lost, and renal function may be

overestimated at low GFR.10) Additionally, serum Cr concentration can

be affected by maternal Cr levels for the first few days after birth11-13),

and depends on gestational age and postnatal age in preterm infants.13,

14) Therefore, consecutive changes in serum Cr levels after birth may

make it difficult to monitor renal function in VLBW infants.

Cystatin C (CysC) is a low-molecular-weight protein that is

eliminated exclusively through glomerular filtration and metabolized in
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proximal renal tubular cells.15) Therefore, serum CysC reflects GFR,

whereas urinary CysC indicates renal tubular dysfunction.15) Notably,

CysC is not affected by birth weight or gestational age in preterm

infants16, 17) and cannot be transferred across the placental barrier.18)

According to a meta-analysis, serum CysC shows better diagnostic

sensitivity than serum Cr.19)

Neutrophil gelatinase-associated lipocalin (NGAL) may also be a

sensitive promising biomarker for renal injury.20) After nephrotoxic and

ischemic injury, NGAL accumulates at high levels in the cortical tubules

and urine.21) NGAL can also be detected in the urine of VLBW infants

with ongoing nephrogenesis.22) In a cohort study, urinary NGAL was

found to be a useful marker for predicting the elevation of serum Cr.23)

However, urinary NGAL levels could be confounded by hydration state

and urine output.24)

Previously, we revealed that the urinary NGAL/Cr ratio was

negatively correlated with postnatal age in VLBW infants, but serum

CysC did not.25) However, renal development based on gestational age at

birth was not considered while comparing renal biomarkers with

postnatal age. Therefore, in this study, we focused on the changes in

these biomarkers and their associations with postconceptional age in

VLBW infants.
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2. Materials and Methods

2.1. Study population

We retrospectively reviewed the medical records of surviving

VLBW infants admitted to the neonatal intensive care unit (NICU) of

the Keimyung University Dongsan Medical Center, Daegu, South Korea

between May 2015 and April 2017. For each infant whose renal

biomarkers, including serum CysC, urinary NGAL/Cr ratio, and serum

Cr, were consecutively measured during hospitalization, we recorded the

age at which the samples were measured and then divided the renal

biomarkers into four groups according to postnatal age: at birth (stage

I), 3–7 days postnatally (stage II), 8–28 days postnatally (stage III),

and greater than 28 days postnatally (stage IV). We excluded infants

with Apgar scores of less than 5 at 5 min, those born to mothers with

serum Cr concentrations greater than 1.0 mg/dL, and those with missing

data in any stage of the repeatedly measured biomarkers. None of the

infants enrolled in this study had any major congenital anomalies.

Finally, 36 infants whose renal biomarkers were recorded in the four

postnatal age-specific stages were included. This study was approved

by the Institutional Review Board of Keimyung University Dongsan

Medical Center (approval no. 2018-01-041-002).

Antenatal data, including gestational age, birth weight (BW),

delivery mode, antenatal steroid use, premature rupture of membrane,

pregnancy-induced hypertension, oligohydramnios, fetal growth

restriction, and Apgar scores at 1 and 5 min, were investigated.

Neonatal outcomes, including bronchopulmonary dysplasia, necrotizing



- 4 -

enterocolitis (Bell’s stage II or III)26), advanced intraventricular

hemorrhage (Papil grade III or IV)27), cystic periventricular leukomalacia,

bacterial sepsis, patent ductus arteriosus with treatment, and parenteral

nutrition during hospitalization, were also investigated.

Bronchopulmonary dysplasia was defined as the need for supplemental

oxygen or positive pressure support at 36 weeks postconception.

Bacterial sepsis was defined as a positive blood culture with antibiotic

treatment.28)

2.2. Biomarkers

Blood samples were collected at birth from the umbilical cord in

the delivery room. Other blood samples were collected from peripheral

veins for routine blood screening tests performed during hospitalization.

Sera, separated from blood by centrifugation at 1000 ×g for 10 min, was

used to measure Cr and CysC levels. As all urine samples were

collected with a urine bag for 3 h, it was difficult to simultaneously

obtain urine and blood samples. However, all urine samples were

collected within 24 h after the collection of blood samples. After each

urine sample was centrifuged at 500 ×g for 5 min, the supernatant was

used for measuring urine Cr. Concentrations of serum and urine Cr

were determined by the kinetic Jaffe method29) using an ADVIA® 2400

chemistry analyzer (Siemens Healthcare Diagnostics, Erlangen,

Germany). Serum CysC was measured with a particle-enhanced

immunonephelometric assay using a BNII nephelometer (Siemens

Healthcare Diagnostics, Deerfield, IL, USA). Urinary NGAL was

measured using chemiluminescent microparticle immunoassay on an
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ARCHITECT i2000SR system (Abbott Diagnostics, Abbott Park, IL,

USA). To eliminate the bias that might be introduced by hydration

status, urinary NGAL should be expressed as a ratio relative to the

urine Cr concentration.30) Therefore, we adjusted the urinary NGAL ratio

according to the urine Cr concentration.

2.3. Statistical analysis

Demographics were analyzed using descriptive statistics.

Continuous variables were expressed as means ± standard deviations,

and categorical variables were expressed as numbers and percentages.

Associations between renal biomarkers and postconceptional age were

assessed using Pearson’s correlation coefficients. Results with p-values

less than 0.05 were considered statistically significant. The software

package IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY,

USA) was used.

Biomarkers measured in each infant were divided into four

groups according to postnatal age. Because biomarkers were repeatedly

measured during hospitalization, estimates of mean values of renal

biomarkers in the four groups were calculated using repeated-measures

analysis of variance (ANOVA). Post-hoc comparisons were performed

using Duncan’s method, and significance was accepted when the p-value

was less than 0.05. This statistical analysis was performed using SAS

9.4 (SAS Institute Inc., Cary, NC, USA).
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3. Results

Table 1 shows the characteristics of enrolled infants. The mean

gestational age was 27.8 ± 0.3 weeks, and the mean birth weight was

1,063 ± 36 g. The incidences of oligohydramnios and fetal growth

restriction were 8.3% (3/36) and 11.1% (4/36), respectively. In terms of

neonatal characteristics, the incidences of bacterial sepsis, patent ductus

arteriosus with treatment, antibiotic treatment during hospitalization,

and parenteral nutrition during hospitalization were 16.7% (6/36), 13.9%

(5/36), 69.4% (25/36), and 91.7% (33/36), respectively.

Figure 1 shows the correlation curves between renal biomarkers

and postconceptional age. For samples measured at birth (Figure

1A-C), serum CysC (r=-0.358, P=0.032) and urinary NGAL/Cr ratio

(r=-0.522, P=0.001) were negatively correlated with gestational age,

whereas serum Cr (r=0.148, P=0.390) was not. In addition, for all

samples measured (Figure 1D-F), serum CysC (r=-0.209, P=0.012),

urinary NGAL/Cr ratio (r=-0.536, P<0.001), and serum Cr (r=-0.311,

P<0.001) were negatively correlated with postconceptional age.

However, Pearson’s correlation coefficient for urinary NGAL/Cr ratio

was higher than that for serum CysC.

Table 2 shows the mean values of renal biomarkers between

four postnatal age-specific stages. Using repeated-measures ANOVA,

serum Cr levels were found to be significantly higher in stage II than

in stage III and IV, and higher in stage III than in stage IV.

Meanwhile, the urinary NGAL/Cr ratio in group IV was significantly

different from those in groups I–III. However, serum CysC levels

showed no significant differences in any of the four stages.
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Characteristics N=36

Gestational age (week) 27.8±0.3

Birth weight (g) 1063±36

C-sec, n (%) 36(100)

Antenatal steroid, n (%) 2(5.6)

Premature rupture of membrane, n (%) 18(50)

Pregnancy-induced hypertension, n (%) 2(5.6)

Oligohydroamnios, n (%) 3(8.3)

Fetal growth restriction, n (%) 4(11.1)

Apgar score, 1 min 5.4±0.3

Apgar score, 5 min 7.7±0.2

Bronchopulmonary dysplasia, n (%) 10(27.8)

Necrotizing enterocolitis (Bell’s stage II or III), n (%) 4(11.1)

Intraventricular hemorrhage (Papil grade III or IV), n (%) 1(2.8)

Cystic periventnricular leukomalacia, n (%) 3 (8.3)

Bacterial sepsis, n (%) 6(16.7)

Patent ductus arteriosus with treatment, n (%) 5(13.9)

Antibiotic treatment during hospitalization, n(%) 25(69.4)

Parenteral nutrition during hospitalization, n (%) 33(91.7)

Table 1. Characteristics of enrolled infants

Values are presented as mean±SD or number (%).
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Variables Stage I Stage II Stage III Stage IV p value

Serum CysC (mg/L) 1.59 ± 0.22 1.64 ± 0.36 1.70 ± 0.55 1.51 ± 0.35 0.119

Urinary NGAL/Cr
ratio 20.85 ± 28.53a 27.89 ± 23.07a 21.45 ± 26.80a 4.72 ± 11.58b < 0.001

Serum Cr (mg/dL) 0.31 ± 0.16a 0.85 ± 0.39b 0.64 ± 0.40c 0.38 ± 0.17a < 0.001

Table 2. Comparison of mean values of renal biomarkers in the four postnatal age-specific stages using

repeated measures analysis of variance

a,b,c Different letters indicate significant differences between groups, based on the Duncan post-hoc tests

(p<0.05).
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Figure 1. Correlation between renal biomarkers and postconceptional age in samples at birth (A-C) and all

samples measured (D-F).
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4. Discussion

In the current study, we compared new emerging renal

biomarkers according to postconceptional age in VLBW infants. Urinary

NGAL/Cr ratio at > 28 days postnatally seems to be more affected by

postconceptional age than serum CysC.

Preterm infants have fewer functional nephrons and exhibit

slower progression in renal maturation after birth.31, 32) Serum Cr at

birth does not reflect neonatal but maternal Cr.11-13, 33) To reduce the

statistical bias in renal biomarkers, we excluded infants born to mothers

with serum Cr concentrations greater than 1.0 mg/dL. Meanwhile, there

is no correlation between maternal and umbilical cord blood CysC.33-35)

There is a significant inverse correlation between urinary NGAL and

gestational age at birth.22, 36, 37) In the current study, urinary NGAL/Cr

ratio and serum CysC concentrations at birth were correlated with

postconceptional age, but serum Cr levels at birth were not.

According to a systemic review involving 10 studies, serum

CysC was affected by gestational age.35) In addition, Lee et al.38) also

reported that serum CysC concentrations in term and preterm infants

were dependent on both gestational and postconceptional ages. In the

current study, serum CysC was weakly correlated with postconceptional

age in VLBW infants, which may be due to altered renal development.

However, using repeated-measures ANOVA, serum CysC showed no

significant differences in any of the four postnatal age-specific stages.

These findings imply that serum CysC is less sensitive to postnatal

age-related changes in VLBW infants, although the renal development

of each infant is different according to gestational age. Additional

research is needed to determine whether serum CysC in VLBW infants
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may be used as an independent indicator for predicting renal injury.

Urinary NGAL in VLBW infants was inversely related to

gestational age, but not with postnatal age in a repeated-measures

model.22) Parravicini et al.39) also reported no correlation between urinary

NGAL and postnatal age in VLBW infants without risk factors for renal

impairment. Since urinary NGAL levels might be confounded by

hydration state and urine output, urinary NGAL should be expressed as

a ratio relative to the urine Cr concentration.24, 30) In our previous study,

the urinary NGAL/Cr ratio was negatively correlated with gestational

and postnatal ages.25) In the current study, the urinary NGAL/Cr ratio

also negatively correlated with the postconceptional age, reflecting renal

development according to gestational age. Serum Cr, including all data,

also negatively correlated with postconceptional age. In particular, a

significant change was found in postnatal age-specific stages using

repeated-measures ANOVA. Except for serum Cr at birth, which might

be influenced by maternal Cr, significant differences were also observed

in the comparison of mean values of serum Cr between the postnatal

age-specific stages. These results of urinary NGAL/Cr ratio and serum

Cr may indicate improvement in renal function according to renal

maturation after birth. Considering the postnatal age-related changes in

urinary NGAL/Cr ratio and serum Cr, their absolute values seem

unreasonable to be clinically used as an index for predicting renal injury

in VLBW infants.

Renal injury is associated with renal development as well as

postnatal risk factors, including perinatal events, sepsis, and nephrotoxic

medication.8) In particular, more than 80% of VLBW infants are exposed

to nephrotoxic medication during NICU hospitalization.6, 7) In this study,

antibiotic exposure occurred in 75% of the enrolled infants, the majority

of whom were exposed within 7 days of age. The elevation of serum Cr
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and urinary NGAL/Cr ratio at 3–7 days postnatally might be a result

of antibiotic treatment. However, this assumption is inconclusive as the

renal biomarkers were not compared before and after antibiotic use.

Despite the important implications of our findings, our study has

several limitations. First, we did not consider the possibility of renal

injury following the administration of antibiotics and nephrotoxic

medication during hospitalization, although these drugs are known risk

factors of renal injury. More detailed studies in VLBW infants with no

nephrotoxic medication during hospitalization are needed. Second, we

compared renal biomarkers by dividing them into four groups according

to postnatal age after birth. For more accurate comparisons based on

postconceptional age, prospective studies based on postconceptional age

after birth are needed. Third, blood and urine samples were not

simultaneously collected, although urine samples were evaluated within

24 h after blood collection. Finally, serum Cr was measured by the Jaffe

method with the possibility of interference from bilirubin or hemolysis in

this study population,29) and the likelihood of being affected by maternal

Cr levels for the first few days after birth. Thus, further studies using

larger cohorts of VLBW infants are needed to evaluate renal biomarkers

for the early detection of renal injury.
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5. Summary

Although urinary NGAL/Cr ratio and serum CysC were

negatively correlated with postconceptional age considering renal

development, serum CysC showed no significant differences in any of

the four postnatal age-specific stages. Urinary NGAL/Cr ratio at > 28

days postnatally seems to be more affected by postconceptional age than

serum CysC in VLBW infants. When serum CysC and urinary

NGAL/Cr ratio were evaluated to assess renal function in VLBW

infants, the correlation between these renal biomarkers and

postconceptional age was reflected.
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Purpose: We investigated whether consecutive levels of new emerging

renal biomarkers, including serum cystatin C (CysC) and urinary

neutrophil gelatinase-associated lipocalin (NGAL)/creatinine (Cr) ratio,

were affected by postconceptional age in very-low-birth-weight

(VLBW) infants.

Methods: Repeatedly measured samples for each infant were divided

into four groups according to postnatal age: at birth (stage I), 3–7 days

postnatally (stage II), 8–28 days postnatally (stage III), and > 28 days

postnatally (stage IV). The association between renal biomarkers and

postconceptional age was assessed using Pearson’s correlation coefficient,

and the mean values of renal biomarkers in the four stages were
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compared using repeated-measures analysis of variance.

Results: For samples measured at birth, serum CysC (r=-0.358,

P=0.032) and urinary NGAL/Cr ratio (r=-0.522, P=0.001) were negatively

correlated with gestational age, whereas serum Cr (r=0.148, P=0.390)

was not. In addition, for all samples measured, serum CysC (r=-0.209,

P=0.012), urinary NGAL/Cr ratio (r=-0.536, P<0.001), and serum Cr

(r=-0.311, P<0.001) were negatively correlated with postconceptional age.

Compared with the mean values of the postnatal age-specific stages,

serum CysC showed no significant differences in any of the four stages.

However, the urinary NGAL/Cr ratio in stage IV was significantly

different from those in stages I–III.

Conclusion: Although urinary NGAL/Cr ratio and serum CysC were

negatively correlated with postconceptional age considering renal

development, serum CysC showed no significant differences in any of

the four postnatal age-specific stages. Urinary NGAL/Cr ratio at > 28

days postnatally seems to be more affected by postconceptional age than

serum CysC in VLBW infants.
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극소저체중출생아에서 임신나이에 따른

신장바이오마커의 변화

이 로 지
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의학과 소아청소년과학 전공

(지도교수 박 재 현)

목 적: 극소저체중출생아에서 임신나이와 혈청 cystatin C(CysC), 소변

Neutrophil gelatinase-associated lipocalin(NGAL)/creatinine(Cr)비의

관련성에 대하여 조사하였다.

방 법: 반복하여 측정된 바이오마커들을 출생 후 나이에 따라 네

그룹으로 분류하였다. 출생 당시(그룹 I), 출생 후 3-7 일(그룹 II), 출생 후

8-28 일(그룹 III), 출생 후 28일 이상(그룹 IV)으로 나누었다. 신장

바이오마커와 임신나이의 관련성은 Pearson’s 상관계수로 평가하였고, 네

그룹의 신장 바이오마커들의 평균값은 반복측정 분산분석으로 비교하였다.

결 과: 출생 당시 측정된 샘플에서, 혈청 CysC (r=-0.358, P=0.032)와

소변 NGAL/Cr 비 (r=-0.522, P=0.001)은 재태주수와 음의 상관관계를

보였고, 혈청 Cr (r=0.148, P=0.390)은 그렇지 않았다.
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그룹 I-IV 를 포함한 모든 샘플에서는, 혈청 CysC (r=-0.209, P=0.012),

소변 NGAL/Cr 비 (r=-0.536, P<0.001), 혈청 Cr (r=-0.311, P<0.001) 모두

임신나이와 음의 상관관계를 보였다.

출생 후 나이에 따른 그룹별 비교에서, 혈청 CysC는 네 그룹에서 유의한

차이를 보이지 않았지만 소변 NGAL/Cr 비는 그룹 I–III 과 비교하여

그룹 IV 에서 유의한 차이를 보였다. 

결 론: 소변 NGAL/Cr 비와 혈청 CysC은 임신나이와 음의 상관관계를

보이는데, 이는 신장의 성숙에 의한 것으로 보인다. 혈청 CysC 수치는

출생 후 나이에 따라 분류한 네 그룹에서 차이를 보이지 않았다.

극소저체중출생아에서 생후 28일 이후에 측정된 소변 NGAL/Cr 비는 혈청

CysC보다 임신나이에 의한 영향을 더 받는 것으로 보인다.
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