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ABEL LÓPEZ-BERMEJO, CARMEN SITJAR, ALICIA CABACAS, MONTSERRAT VÁZQUEZ-RUÍZ,
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ABSTRACT: Prenatal growth is known to affect glomerular func-
tion in adult life. It is unknown, however, whether this association is
also present in children. In a cross-sectional study, we examined
whether birth weight (BW) is associated with serum creatinine
(measured by an improved Jaffe method) and GFR (estimated by the
Haycock-Schwartz formula; eGFR) in 73 apparently healthy school-
age children (35 boys and 38 girls; age 9.5 � 0.4 yr). All children
were born after singleton term pregnancies (gestational age 39.6 �
0.2 wk) with normal BW (3.2 � 0.04 kg). A significant decrease in
serum creatinine and increase in the eGFR was evident by tertiles of
BW-SD score (SDS) (p � 0.001 and p � 0.0001). eGFR was
correlated with BW-SDS (r � 0.45; p � 0.0001), so that each unit
increase in BW-SDS was associated with an increase in eGFR of 10
(95% CI 5–14) ml/min per 1.73 m2. In summary, estimates of
glomerular function are in apparently healthy school-age children
influenced by size at birth. These findings suggest early effects for the
prenatal programming of renal function in humans. (Pediatr Res 64:
97–99, 2008)

Susceptibility to renal disease after low birth weight (LBW)
is thought to be an additional dimension to the Barker

hypothesis of prenatal programming of adult diseases (1,2).
Spontaneous and induced LBW in rats results in reduced

nephron number both at birth and in the adult life (3–5).
Nephron number is also reduced in infants, children and adults
with LBW (6–8).

Population-based studies show that LBW adults are at risk of
developing chronic renal disease (9,10). In a recent study, esti-
mates of GFR (eGFR) were shown to be reduced in adults with
LBW and to be directly associated with their BW (11). In young
adults born very premature, LBW was also inversely associated
with various parameters of glomerular function (12). GFR may
be also influenced by prenatal growth restriction in neonates (13).
To our knowledge, no association between BW and glomerular
function has been reported in children.

We hypothesized that prenatal growth is related to renal
function in childhood and studied the cross-sectional associ-

ation between BW and GFR, as estimated by the Haycock-
Schwartz formula, in a sample of apparently healthy school-
age children. Our results suggest that size at birth is associated
with glomerular function as early as in childhood.1

METHODS

In a hospital-based setting, 73 school-age Caucasian children (35 boys and
38 girls; age 9.5 � 0.4 yr) were selected for the study. Subjects were
consecutively recruited among those seen at the outpatient pediatric clinics.
All children included had normal variants of short stature, early-normal or
delayed-normal puberty (14–16) but were otherwise healthy. They were all
prepubertal or early pubertal (stage 2) at the time of the study, as based on the
standards by Marshall and Tanner (15,16).

Inclusion criteria were term birth after 37 to 42 wk of a singleton gestation;
BW appropriate [between �2 SD score (SDS) and �2 SDS for gestational
age (GA)]. Exclusion criteria were gestational diabetes or hypertension;
maternal use of alcohol, drugs, or illicit substances during gestation. In the
proband, additional exclusion criteria were major congenital or chromosomal
anomalies; abnormal blood counts, liver, kidney or thyroid functions or
growth hormone deficiency, celiac disease, evidence of chronic illness, acute
illness, or medication use within the previous month of inclusion.

The research was performed in accordance with the Declaration of Hel-
sinki and was approved by the Institutional Review Board of Dr. Josep Trueta
Hospital who waived the requirement for informed consent as the assessments
taken were standard procedures in the evaluation of growth and puberty in the
study subjects.

Age- and sex-adjusted SDS for current weight and height were calculated
using regional normative data (17). BW and GA were obtained from stan-
dardized medical records. GA- and sex-adjusted SDS for BW were calculated
using regional normative data (18).

Fasting venous blood was collected for screening of the various conditions
listed above and for measurement of serum creatinine, which was accom-
plished using an improved Jaffe method on an automated ARCHITECT c800
instrument (Abbott Park, IL). The lower detection limit was 4.5 �M. The
intra- and interassay coefficients of variation were less than 6% and no
significant interference was found by common serum analytes. GFR was
estimated by the Haycock-Schwartz formula, using serum creatinine (Screat
in �mol/L) and height (H in cm) as follows: K � H/Screat, with a K value of
46 for all ages (19). The estimation of glomerular function by this formula
may be superior to that based on creatinine clearance in children (20). In our
center, the eGFR was in good agreement (intraclass correlation coefficient
� � 0.74, p � 0.0007) with that based on creatinine clearance in a sample of
15 children [aged 10.3 (95% CI 8.7–12.0) yr] with normal renal function.

Statistical analyses were performed using SPSS version 12.0 (SPSS Inc,
Chicago, IL). The relation between variables was analyzed by simple and
partial correlation followed by multiple regression in a stepwise manner.
Analysis of covariance using a general linear model and Bonferroni correction
was used to seek differences in eGFR among groups defined by tertiles of
BW-SDS. Significance level was set at p � 0.05. The study had an 80%
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power to detect a significant correlation between BW-SDS and eGFR with a
Pearson correlation coefficient of at least 0.30.

RESULTS

The clinical and laboratory characteristics of the study
subjects are depicted in Table 1. To study the association
between BW and both serum creatinine and the eGFR (Hay-
cock-Schwartz formula), subjects were stratified by tertiles of
BW-SDS (Table 1). A significant decrease in serum creatinine
and increase in the eGFR was evident by tertiles of BW-SDS
(p � 0.001 and p � 0.0001, respectively, adjusted for gender,
current age and BMI). Figure 1 depicts the association be-
tween BW-SDS and eGFR.

In these children, serum creatinine was strongly correlated
with age and current height (both r � 0.66; p � 0.0001), as
expected, and was correlated with BW-SDS before and after
accounting for age and current height in a partial correlation
analysis (r � �0.32; p � 0.006 and r � �0.41; p � 0.0005,
respectively). The eGFR was also correlated with BW-SDS
(r � 0.45; p � 0.0001), so that each unit increase in BW-SDS
was associated with an increase in eGFR of 10 (95% CI 5–14)
ml/min per 1.73 m2.

In a multiple regression analysis with eGFR as the depen-
dent variable both BW-SDS (� � 0.45, p � 0.0001) and age
(� � 0.26, p � 0.01) were significantly associated with eGFR,
explaining, respectively, 19% and 6% of its variance. These
associations were gender independent.

DISCUSSION

To our knowledge, this is the first report to show a associ-
ation between BW and GFR, as inferred by the Haycock-
Schwartz formula, in apparently healthy, normal BW, at term
children.

In autopsy kidneys, a direct correlation has been reported
between BW and the number of glomeruli and this association
was linear over a large range of BW, so that an increase of
257,426 glomeruli was evident per kilogram increase in BW
(8). It is noteworthy that the strongest association between
theses parameters was observed in infants, followed by chil-
dren and by adults (7,8), which indicates that other factors
account for the variance of glomeruli number in older children
and adults. Renal volume, which is a likely proxy for nephron
number, is also decreased in fetuses with intrauterine growth
restriction (21). In toddlers and in children and adolescents,
ultrasonographically assessed kidney volume was directly re-
lated to BW (22,23). These observations agree with the cur-
rent concept that prenatal growth restriction can adversely
influence the nephron number in both children and adults (24).

Despite a wealth of data indicating that in adults various
parameters of renal function are related to BW (9–11), and
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Figure 1. Correlation graph of birth weight SDS with the estimated GFR
(eGFR; Haycock-Schwartz formula). A regression line with 95% CI of mean
values is shown for the study population of boys (closed diamonds) and girls
(open dots) studied as single group. Pearson’s correlation analysis: r � 0.45,
p � 0.0001.

Table 1. Characteristics of the study subjects according to tertiles of birthweight SDS

All subjects

Birth weight SDS tertiles

p�2.0 to �0.7 �0.7 to �0.1 �0.1 to 1.6

N 73 24 25 24
Boys/girls (n) 35/38 11/13 13/12 11/13 NS
GA (wk) 39.6 (39.2 to 39.9) 39.8 (39.5 to 40.1) 39.9 (39.3 to 40.4) 39.0 (38.3 to 39.7) 0.03
Birth weight (kg) 3.2 (3.1 to 3.3) 2.9 (2.8 to 3.0) 3.2 (3.1 to 3.3) 3.5 (3.3 to 3.6) �0.0001
Birth weight SDS �0.3 (�0.5 to �0.2) �1.2 (�1.4 to �1.0) �0.4 (�0.5 to �0.3) 0.6 (0.4 to 0.8) �0.0001
Age (yr) 9.5 (8.6 to 10.3) 9.6 (8.2 to 11.0) 9.7 (8.0 to 11.5) 9.1 (7.5 to 10.7) NS
Weight (kg) 31.9 (28.4 to 35.3) 31.1 (25.7 to 36.5) 31.0 (25.8 to 36.2) 33.7 (25.6 to 41.7) NS
Height (cm) 128 (123 to 133) 128 (121 to 135) 128 (118 to 138) 129 (119 to 138) NS
BMI (kg/m2) 18.4 (17.5 to 19.2) 18.1 (16.6 to 19.6) 18.1 (17.1 to 19.0) 18.9 (16.9 to 20.8) NS
BMI SDS 0.6 (0.2 to 1.0) 0.6 (�0.2 to 1.3) 0.5 (�0.1 to 1.0) 0.9 (0.0 to 1.8) NS
Serum creatinine (�mol/L) 56 (53 to 58) 59 (55 to 62) 54 (50 to 59) 52 (47 to 56) 0.005
eGFR (mL/min per 1.73 m2) 110 (106 to 114) 102 (96 to 107) 109 (103 to 115) 120 (112 to 128) �0.0001
After adjusting for gender, GA, current age and BMI

Serum creatinine (�mol/L) 56 (53 to 58) 59 (56 to 62) 54 (52 to 57) 51 (47 to 54) 0.001
eGFR (mL/min per 1.73 m2) 110 (106 to 114) 101 (95 to 106) 108 (103 to 113) 121 (115 to 127) �0.0001

Values are mean (95% CI). SDS, standard deviation score; GA, gestational age; BMI, body mass index; eGFR, glomerular filtration rate, as estimated by the
Haycock-Schwartz formula, using serum creatinine (screat in �mol/L) and height (H in cm) as follows: K � H/Screat, with a K value of 46 for all ages. p values
are from linear trend ANOVA (nonadjusted data) and from general linear models (adjusted data).
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despite the fact that a low nephron number in children may be
a risk factor for essential hypertension and cardiovascular disease
(25), to our knowledge, no clinical association between BW and
renal function has been previously sought in healthy children.
Our findings suggest for the first time that prenatal growth,
besides its morphologic effect on nephron number, has functional
consequences in the kidney as early as in childhood.

In summary, estimates of glomerular function are in appar-
ently healthy school-age children influenced by size at birth.
These findings suggest early effects for the perinatal program-
ming of renal function in humans and may have clinical
implications in the prevention of end-organ damage in the
population at risk for renal disease.
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