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ABSTRACT

Background: Premature birth is a potential risk factor for kidney disease and the diagnosis of this disease among newborns,
although challenging, can be performed early in childhood. Purpose: The purpose of this study was evaluate the evolution of
creatinine and serum cystatin C among children born with gestational age <34 weeks. Methods: Cohort study with  assessment
of renal function at birth and follow-up: < 3, 4-6 7-24, 25-36 months. Clinical and anthropometric characteristics were considered.
Estimates of glomerular filtration rate (GFR) were obtained using equations. Results: Of the 105 children evaluated at birth, 54.3%
were boys, with mean creatinine values of 0.71+0.32 and cystatin values of 1.52+0.32. Regardless of the period of renal function
evaluation, the children had elevated serum cystatin C and reduced GFR. Serum creatinine and respective GFR were normal. When
comparing the GFR at birth with those at follow-up, a significant difference was found in that estimated by cystatin in children aged
7-24 months. Conclusion: Cystatin C may be more reliable than serum creatinine for detection of altered renal function in preterm
infants.
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INTRODUCTION

Alterations in renal function among preterm neonates have been increasingly reported®. Evidence suggests that renal dysfunction
in this population can be identified early in childhood?. However, the diagnosis of kidney disease among neonates remains
challenging?.
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Globally 10% to 11% of all births are preterm* and Brazil is the 9th country in the world in number of preterm live births®. Estimates
of kidney disease in this population are isolated and range from 12% to 60%°.

Preterm neonates have a higher risk of nephron deficit, as most nephrons form between 20 and 34-36 weeks of gestation’. Some
nephrogenesis continues for up to 4-6 weeks after preterm birth, however it is reduced and the resulting glomeruli are not normal®.
Because of the adverse effect of this ~ process, preterm birth is a potential risk condition for kidney disease and, associated with
other factors increase the chance of developing it in adulthood®.

Thus, early assessment and detection of kidney dysfunction in this vulnerable population is of paramount importance to enable
monitoring and development of preventive actions aimed at preserving kidney function throughout life!?, as well as interventions
that delay progression to chronic kidney disease!!.

Among the biomarkers of renal function, creatinine is the most widely used'?* however, it may not be the most suitable for
neonates'3%S because it has important limitations®7. Despite being considered the gold standard, the use of inulin has been restricted
to scientific research given the complexity of its management, especially among children?®, Serum beta-trace protein has also been
touted as reliable for detecting renal function among neonates, but more studies are still needed*®.

Cystatin C, in turn, is seen as a promising and possibly, the most suitable biomarker for assessment of neonatal renal function?.
However, there is discussion about its prognostic value?! and its availability is more costly and limited??.

Although many studies assess renal function among preterm neonates, there is a wide variety of biomarkers used®?*. Furthermore,
few focus on comparing those considered most clinically useful for clinical practice!>?® and present divergent results.

Thus, the objective of this study was to evaluate the evolution of serum creatinine and cystatin C among children born with
gestational age less than or equal to 34 weeks, in order to contribute to the early diagnosis of kidney disease in this population at
risk, enabling timely interventions and better outcomes.

MATERIAL AND METHODS
Design

Prospective cohort study conducted with children born prematurely admitted to the Neonatal Unit of a University Hospital in
Northeastern Brazil, from June 1%, 2017, to May 31%, 2018.

Participants/ Sample

Considering the size of the study population (152 eligible preterm neonates), the sample size calculation was obtained adopting
prevalence of renal function alteration of 12%2°, sampling error of 4% and confidence level of 95%. Thus, the minimum sample
size was 94. Providing for possible losses (10%), the final required sample size was 104 preterm neonates.

Procedures

In the study, neonates with gestational age less than or equal to 34 weeks, admitted to the Neonatal Unit of the University Hospital
in question, during the period of interest for this study, were included. Neonates with complex congenital malformations and/or with
congenital anomalies of the kidney or urinary tract were not included.

Gestational age was obtained by the records in the pregnant woman's card considering primarily the first trimester ultrasound. When
not available, the date of the last menstrual period was used and, when absent, estimates were calculated by the New Ballard
Method?.

In the initial survey, 152 eligible preterm neonates were identified and evaluated in the first stage. Before discharge, 18 died and 29
did not return for evaluation or were not located, leaving a total of 105 preterm neonates in this study.

Data collection occurred at two distinct moments, at birth and at follow-up, when children returned for routine consultations. In the
first stage, 3 days after birth, were evaluated the clinical and laboratory conditions related to preterm neonates. Data were obtained
through electronic medical records and pediatric consultation, and the following variables of the newborn were considered: sex;
gestational age, in weeks; birth weight, in grams, measured by two people using Filizola® electronic scales; length at birth,
performed by two people using an acrylic Sanny® stadiometer, graduated in tenths of centimeters, with the child in the supine
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position and lower limbs extended, with the head positioned on the fixed portion of the stadiometer and the feet on the movable
portion; Apgar score on the fifth minute (ranging from 0 to 10 where values below 7 may reflect perinatal asphyxia); type of delivery
(normal or cesarean), need for resuscitation, weight/gestational age adequacy®! and serum creatinine and cystatin dosages.

After discharge, at follow-up, the preterm neonates returned to the hospital outpatient clinic for routine assessments, when
anthropometric and laboratory evaluations were also performed. The variables of interest were height (cm) and serum creatinine
(mg/dL) and cystatin C (mg/L) levels. Considering that the children in the study had different ages at follow-up, the sample was
divided into four groups for evaluation of renal function: Group 1 - return at 3 months of age; Group 2 - return between 4 and 6
months of age; Group 3 - return between 7 and 24 months of age; and Group 4 - return between 25 and 36 months of age.

The height obtained in this stage was measured in centimeters using a Sanny® acrylic stadiometer, graduated in tenths of
centimeters, with the child in the supine position and lower limbs extended, with the head positioned on the fixed portion of the
stadiometer and the feet on the movable portion.

For the evaluation of serum creatinine and cystatin dosages, venous or arterial blood samples were collected, using 1 ml of serum,
along with the routine collections performed by professionals from the Neonatal Unit in the first stage and by technicians from the
clinical analysis laboratory in the follow-up. They were then sent for processing in the Clinical Analysis Laboratory.

The dosage of plasma creatinine was determined by the modified Jaffé colorimetric method, which has as its principle the reaction,
in alkaline solution, of creatinine with picric acid. The spectrophotometric reading was measured at a wavelength of 512 nm. Serum
cystatin C dosage was obtained from the Nephelometry technique, using immunoturbidimetric assay with reaction intensification
by latex particles, internationally standardized?”. Aggregate is determined turbidimetrically at 700/546 nm. Cystatin C was measured
using the Roche/Hitachi cobas ¢ systems, with cobas ¢ 311/501 automated analyzers (PENIA) using the Roche/Hitachi CYSC2
reagent. The frequency of calibrations occurred after reagent lot changes or every 90 days.

The trials were internationally standardized, enabling IDMS (isotope dilution mass spectrometry) screening, as proposed by Anders
Grubb and used by most commercial suppliers of cystatin C?8, For collection and preparation of blood samples, tubes with serum
separation gel were used, centrifuged and stored at - 10°C, and the assay was performed according to the manufacturer's protocol.

The reference values used for serum creatinine and cystatin C followed the definitions of Mazzachi et al.?® and Erlandsen et al.*°,
respectively.

Data Analysis

Statistical analyses were performed using the Stata software, version 14.0. Categorical variables were presented as medians,
minimum values, maximum values, interquartile range, frequencies and percentages and numerical variables as median, mean and
standard deviation (mean £ SD). The normality of the variables was assessed by the Shapiro-Wilk test.

To evaluate renal function, serum creatinine and cystatin C levels were used in addition to the respective GFR estimates. The
Wilcoxon nonparametric test was used to compare the means of the clinical variables at the different times, with a significance level
of 5%.

Creatinine-based GFR (mL/min/1.73m?) was calculated using the Schwartz formula: constant value multiplied by the height in
centimeters divided by the serum creatinine value, with 0.33 as the constant value, indicated for preterm infants®. For estimation of
GFR based on cystatin C (mL/min/1.73m 2) the formula was used: log (GFR) ¥4 1.962 p [1.123 log (1 /cystatin C)]*2.

This study obtained approval from the Research Ethics Committee (CAAE 68451117.0.0000.5086).

RESULTS

A total of 105 preterm neonates were evaluated, most of them male (54.3%), born by cesarean section (58.1%) and who did not

need to undergo resuscitation procedure (53.3%). The mean birth weight of the study population was 1,414+352 grams and the
mean birth length was 38.7+3.28 cm. The other clinical characteristics of these children are shown in Table 1.
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Table 1. Clinical characteristics of children born with gestational age <34 weeks. Sdo Luis-MA, 2017-2018.

Variables n (%) Md (Min-Max) Mean+SD | IQOR
Sex

Female 48 (45,71)

Male 57 (54,29)

Type of delivery

Vaginal 44 (41,90)

Cesarean section 61 (58,10)

Resuscitation

Yes 49 (46,67)

No 56 (53,33)

Gestational Age 31,4 (24,3 -34) 31,2202 |26
Birth Weight (grams) 1.400 (665 - 2240) | 1.414 + 352 | 515
Gestational weight/age adequacy

PIG 29 (27,62)

AlG 74 (70,48)

GIG 2 (1,90

Apgar 5th minute 8 (3-10) 8,1+117 1
Length at birth (centimeters) 39,4 (30,5 -48,5) 38,7+328 |45
Return Length/Stature (centimeters) 78 (41 -97) 76,8+1230 | 12

SGA - small for gestational age. AGA - appropriate for gestational age. LGA - large for gestational age. Md - median. Min -
minimum values. Max - maximum values. SD - standard deviation. IQR - interquartile range.

Table 2 presents data on renal function according to age at return of the children. Mean serum creatinine values were within the
normal range and decreased when evaluated at birth and at the different return ages: at 3 months (0.68+0.15 versus 0.40+0.15;
p-value=0.0117), between 4 and 6 months (0.62+0.22 versus 0.30£0.97; p-value=0.0180), between 7 and 24 months of age
(0.61+0.21 versus 0.37£0.33; p-value<0.001) and between 25 and 36 months of age (0.68+0.55 versus 0.46+0.39; p-value=0.0303).

When the rates of serum cystatin C were evaluated, it was found that children aged between 7 and 24 months showed mean values
higher than those considered normal and an increase from the first to the second moment (1.50+0.34 versus 1.71+0.37; p-
value=0.0012). Similar behavior was observed in group 4, but without statistical significance (Table 2).

At birth, the estimated creatinine-based GFR was below the cut-off point considered normal and increased at the second time point
of assessment, remaining within normal ranges, while the cystatin C-based GFR was shown to be above the reference value among
all groups at the first time point of assessment with a reduction in the different return ranges, being significant among children
returning between 7 and 24 months of age (62.09+17.81/53.67+16.83; p- value=0.0033) (Table 2).
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Table 2. Renal function of children born with gestational age <34 weeks, according to age at return. Sdo Luis-MA, 2017-
2018.

Birth Follow-up
Md (Min-Max) | Mean + | Reference value | Md (Min-Max) | Mean=SD | Reference value by | p-
SD at birth age of return value

Groups

Serum Creatinine (mg/dL

Group 1 | 0,69 (0,38- | 0,68 + 0,40 (0,15- | 0,40+0,15 0,0117
0,88) 0,15 0,4-1,4 0,69) 0,4-1,4

Group 2 | 0,59 (0,30- | 0,62 % 0,30 (0,20- | 0,30+ 0,96 0,0180
0,97 0,22 0,44)

Group 3 | 0,59 (0,10- | 0,61 + 0,30 (0,20- | 0,37+0,33 <0,001
1,34) 0,21 2,85)

Group 4 | 0,55 (0,10- | 0,68 % 0,33 (0,10- | 0,46+0,39 0,0303
2,82 0,55 1,81)

Serum cystatin (mg/L)

Group 1 | 1,84 (1,52- 1180 + 1,62 (0,96- | 1,64+0,48 0,2076
1,97) 0,14 0,8 2,20 0,8

Group2 | 1,76  (1,08- | 1,71 = 1,64 (1,12- | 1,63+0,47 0,4990
2,01) 0,31 2,44)

Group 3 | 1,49 (0,76- | 1,50 + 1,74 (0,85- | 1,71+0,37 0,0012
2,75) 0,34 2,53)

Group 4 | 1,32 (0,80- | 1,43 £ 1,69 (0,97- | 1,68+0,37 0,0620
2,75) 0,45 2,35

GFR - Serum Creatinine (mL/min/1.73m ?)

Groupl | 23,32 (14,27-| 23,90 + 60,22 (29,78- | 64,05 + | 60 0,0117
37,76) 6,91 47 118,08) 27,43

Group 2 | 27,85 (15,85- | 29,20 + 83,37 (52,18- 183,15 + |80 0,0180
53,98) 12,09 127,10) 25,44

Group 3 | 28,11 (10,97- | 30,70 =+ 107,54 (12,56- | 115,92 100 <0,001
198,85) 22,31 377,20) 460,95

Group4 | 28,28 (6,25- | 33,93 + 108,73 (14,29- | 113,50 120 0,0004
149,65) 29,17 352,60) +70,78

GFR - Serum Cystatin (mL/min/1.73m ?)

Group 1l | 46,07 (42,79- | 4751 + 55,26 (37,80- | 57,99 | 60 0,2076
57,25) 4,66 47 95,92) 20,72

Group 2 | 48,56 (41,83-| 52,48 + 52,57 (33,65- | 57,31 |80 0,3105
84,03) 14,47 80,67) 17,14

Group 3 | 58,55 (29,42- | 62,09 =+ 49,20 (32,31- | 53,67 £ | 100 0,0033
124,70) 17,81 109,97) 16,83

Group 4 | 67,08 (29,42- | 67,46 =+ 50,88 (35,10- | 54,70 £ | 120 0,0793
117,71) 22,17 94,81) 16,87

Group 1- return at 3 months of age. Group 2- return between 4 and 6 months of age. Group 3 - return between 7 and 24 months of
age. Group 4 - returns between 25 and 36 months of age. Moment 1 - data obtained at birth. Moment 2 - data obtained at the follow-
up. Md - median. Min - minimum values. Max - maximum values. SD - standard deviation.

DISCUSSION

In this study, children with gestational age less than or equal to 34 weeks had elevated cystatin levels at birth and follow-up, when
observed the reference values used?**°. Mean serum creatinine values were also higher at birth compared to the different return
ages, but within the ranges considered normal. When comparing the GFR at birth and follow-up, a significant difference was found
in cystatin estimation at the age range of 7 to 24 months of age.

Kandasamy et al.?° conducted a cohort of 45 neonates under 28 weeks gestational age and followed up to 24 months of life, assessing
creatinine and cystatin C levels at three time points (6, 12, and 24 months). In that study, serum creatinine levels showed a negative
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correlation with gestational age and the mean cystatin C level was highest in the neonatal period, showing decline, followed by
stabilization at 24 months. Another longitudinal study developed by Nakashima et al.'® with 261 preterm neonates during the first
year of life assessed serum creatinine and cystatin C levels in addition to their respective GFR at 4 different times: 6-30 days, 3-5
months, 7-9 months, and 12-14 months after birth. Their results showed a decrease in cystatin C levels throughout the first year of
life, while serum creatinine levels decreased rapidly by 3-5 months and their GFR rate increased significantly with increasing age
until approximately 1 year after birth.

In both studies, the behavior of serum creatinine was similar to that demonstrated in this research. The levels of cystatin C, however,
were divergent, as they remained elevated in both moments evaluated in this study, pointing to changes in renal function and
reinforcing the idea that it may be the most appropriate biomarker for evaluation of neonatal renal function.

Higher serum creatinine values at birth are commonly portrayed in neonates?, due to the influence of maternal levels, regardless of
gestational age®33, which gradually returns to normal values, as per the results found in this study. The initial increase is considered
secondary to its tubular reabsorption by the immature kidney so that, even among relatively healthy preterm, stabilization of
creatinine levels can take 3 to 8 weeks3,

In addition, creatinine is a metabolic product of muscle tissue, and its rate of production can change depending on muscle mass®.
Thus, although it is widely used to determine GFR*? and detect changes in renal function, it is possible for creatinine levels to be
overestimated® and cause delay in the diagnosis of renal change®®.

Compared to serum creatinine, cystatin C does not cross the placental barrier, and therefore there is no correlation between maternal
and cord blood cystatin C concentrations®. Furthermore, cystatin C has constant production, its levels are not influenced by muscle
mass or sex®’, and it can pass freely through the glomerulus®.

Different studies point to cystatin C as a more sensitive alternative than creatinine for GFR assessment in preterm neonates2%.223°
however creatinine remains important for estimating GFR*?, congruent to the findings of this study where serum cystatin C and its
GFR were able to point to impaired renal function in the 7-24 month age group while creatinine levels were within ranges considered
normal.

Through a prospective case-control study, when evaluating 53 preterm neonates and 31 full-term neonates to determine the impact
of prematurity on renal development, Kandasamy et al.? identified that despite smaller renal volume and evidence of glomerular
injury in the early neonatal period, there were no major differences between the GFRs of the two groups. However, these are studies

with weaknesses related to relatively small sample size>?, heterogeneity of the population®, and infeasibility of using serum
creatinine?.

The strengths of this study were that it was a cohort study that followed a relevant number of preterm neonates and used cystatin C
to estimate GFR, which is indicated as a sensitive biomarker for such®. The gold standard for determining GFR estimates was not
used and may have been a limitation, however its use is complex in this population®.

CONCLUSIONS

In this study, the evolution of the biomarkers evaluated revealed that in infants with premature birth, cystatin C may be superior to
creatinine in that it detected changes in renal function in preterm neonates and can be used from birth.

These results shed light on the importance of early and long-term monitoring of kidney function in this at-risk population.
Further studies should be conducted to continue the follow-up of this at-risk.

population to assess the prevalence of renal failure at older ages.
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