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ABSTRACT

Introduction: intrauterine growth retardation (IUGR) has recently been related to an increase in blood
pressure figures in different countries.

Objective: the objective of this research was to evaluate the relationship between blood pressure and
kidney function with birth weight in children aged 3 to 6 years.

Method: thirty-two healthy, normotensive children with a history of low birth weight due to IUGR or normal
birth weight, aged between 3 and 6 years, were studied in the Marianao municipality of Havana. Their
nutritional status was determined based on their body surface area, using the Haycock formula expressed
in square meters. Arterial, systolic and diastolic pressures were measured using the Riva Rocci-Korotkoff
method, calculating the average. Glomerular filtration rate (GFR) was determined using the Schwartz 2
formula (GFR WS) and Pottel for serum creatinine and for serum Cystatin C using Pottel. The renal and blood
pressure variables were adjusted to body surface area and analyzed using Pearson’s correlation. Ethical
standards for research on humans were respected.

Results: systolic, diastolic and mean arterial pressures, as well as GFR, were inversely correlated with birth
weight. Children with a history of low birth weight due to IUGR presented higher blood pressure values,
although not pathological with respect to their peers; the IFG values in this group of children were higher
with respect to their peers, calculated both by creatinine through the Pottel method and serum Cystatin C.
Conclusion: there is a tendency for higher blood pressure values in children with low birth weight due to
IUGR. The correlation between IFG and birth weight supports theories about the influence of hyperfiltration
on high blood pressure, so we suggest more extensive studies of the variables studied, as well as the use of
the Pottel formula for its study.

Keywords: Delayed Intrauterine Growth; Glomerular Filtration Intensity.
RESUMEN

Introduccion: el crecimiento intrauterino retardado (CIUR) se ha relacionado recientemente con un
incremento de las cifras de presion arterial en diferentes paises.

Objetivo: el objetivo de esta investigacion fue evaluar la relacion existente entre presion arterial y funcion
renal con el peso al nacer en ninos de 3 a 6 anos de edad.

Método: fueron estudiados 32 nifios sanos y normotensos; con antecedentes de bajo peso al nacer por CIUR
o peso normal al nacer, entre 3 y 6 afos de edad del municipio Marianao en La Habana. Se determiné su
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evaluacion nutricional, a partir del area de superficie corporal, a través de la formula de Haycock expresado
en metros cuadrados. Las presiones arteriales, sistolicas y diastolicas se midieron por el método de Riva
Rocci-Korotkoff, calculandose la media. Se determino la intensidad de filtracion glomerular (IFG) mediante
las formulas de Schwartz 2 (IFG WS) y Pottel para la creatinina sérica y para la Cistatina C sérica mediante
Pottel. Las variables renales y de presion arterial fueron ajustadas al area de superficie corporal y analizadas
mediante la correlacion de Pearson. Se respetaron las normas éticas para la investigacion en humanos.
Resultados: las presiones arteriales sistolicas, diastolicas y medias; asi como la IFG se correlacionaron
inversamente con el peso al nacer. Los nifos con antecedentes de bajo peso al nacer por CIUR presentaron
valores de presion arterial superiores, aunque no patologicos con respecto a sus semejantes; los valores de
IFG en este grupo de nifos fueron superiores con respecto a sus pares, calculados tanto por la creatinina a
través del método de Pottel como la Cistatina C sérica.

Conclusion: existe una tendencia a mayores valores de presion arterial en los nifios con bajo peso al nacer por
CIUR. La correlacion entre la IFG y el peso al nacer, apoya las teorias sobre la influencia de la hiperfiltracion
en la hipertension arterial por lo que sugerimos estudios mas amplios de las variables estudiadas, asi como
el uso de la formula de Pottel para su estudio.

Palabras clave: Crecimiento Intrauterino Retardado; Intensidad de Filtracion Glomerular.

INTRODUCTION

High blood pressure (HBP) is an elevation of systemic blood pressure above 140-90 mmHg in adults.® In
children, it is diagnosed when systolic and/or diastolic blood pressure is equal to or greater than the 90th
percentile for age, gender, and height.?®

A personal history of low birth weight due to intrauterine growth restriction (IUGR), also known as “fetal or
intrauterine growth restriction, IUGR,” is one of the new predictive factors for developing HTN.459 Brenner
and other researchers have shown that subjects with low birth weight due to IUGR and congenital nephron
deficiency (decreased functional glomeruli) have a smaller glomerular filtration area. This triggers compensatory
hyperfiltration mechanisms in the remaining nephrons, leading to glomerular hypofunction, alterations in the
tubular-glomerular balance, decreased sodium regulation capacity, and, ultimately, the onset of HTN. 810,11

In recent years, the association between low birth weight and blood pressure levels has been confirmed
in different countries. However, it has been suggested that even if there is a congenital nephron deficit,
the development of hypertension will depend on the individual’s relationship with the environment, living
conditions, and other familial pathological factors. (12:13,14.15,16,17,18,19)

This study aimed to evaluate the relationship between blood pressure and renal function with birth weight
in children aged 3 to 6 years.

METHOD

A longitudinal, cross-sectional, correlational, non-experimental cohort study was conducted over a period
of one year in the municipality of Marianao, in Havana, among 32 healthy, normotensive children between the
ages of 3 and 6 with a personal history of low birth weight by IUGR or normal birth weight. All children with a
history of preterm birth, twin birth, or any chronic disease were excluded.

The nutritional status of all subjects was assessed using body surface area calculated using the Haycock
formula expressed in m2, given by:

x=0,024265 x weight (kg)0,5378 x height (cm)0,3964 and was used as a measure to homogenize variables
such as blood pressure and glomerular filtration rate (GFR).®%

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were determined using the Riva-Rocci-
Korotkoff method, expressed in mmHg, and mean arterial pressure (MAP) was calculated as MAP: DBP+(SBP-
DBP)/3. Systolic, diastolic, and/or mean blood pressure values below the 90th percentile for age, sex, and
height were considered normal.®"

Glomerular filtration rate was determined by serum creatinine using two formulas: Schwartz 2 (GFR WS)
GFR = K.L / Crp, where K is a constant dependent on muscle mass, with an average value of 0,55, L is height in
centimeters, and Crp is serum creatinine. GFR was considered normal above 90 ml/min/1,73 m2.?

The Pottel formula (Pottel GFR) was also used: GFR = 107. 3 (ScratC /QScreatC) where ScratC is the serum
creatinine concentration and QScreatC is a serum creatinine constant according to age: 3 years (27 mmol/L),
4 years (30 mmol/L), 5 years (34 mmol/L), and 6 years (36 mmol/L). GFR was considered normal above 90 ml/
min/1,73 m2.®)

The glomerular filtration rate was also determined by serum cystatin C (Pottel GFR) using the Pottel formula
GFR = 107,3 (ScysC/QScysC), where ScysC is the serum concentration of cystatin C, QScysC is a serum cystatin

https://doi.org/10.56294/sctconf20251785



3 Maldonado Bernardo CR, et al

C constant with a value of 0,82 mg/L. GFR was considered normal above 90 ml/min/1,73 m2.@

Means were used as summary measures and adjusted for body surface area in the SBP, DBP, and MAP variables.
They were analyzed using Pearson’s correlation for statistical significance equal to or less than 0,05.2%

All data were stored in an individual file, including the informed consent of the minors’ parents, by the
Helsinki Protocol and ethical standards for research involving human subjects.?%

RESULTS
This study included a total of 32 children, 71 % of whom were female; the most common age was 4 years,
and 75 % of the sample reported a family history of high blood pressure.

Table 1 shows that the percentage of females was higher than that of males. The largest number of individuals
were 4 years old, and a family history of hypertension was present in 75 % of the sample.

Table 2 shows that there is a direct and significant correlation between birth weight and body surface
area. The body surface area of children was greater for the same age as birth weight increased, a statistically
significant result.

Table 3 shows that there is an inverse correlation between birth weight and blood pressure-related variables,
without reaching pathological levels.

The glomerular filtration rate based on serum creatinine was calculated using two methods. Using the
Schwartz Il method??, we obtained a direct correlation between birth weight and this variable, such that
children with higher birth weights had higher GFR; however, using the Pottel method®?, we found an inverse
correlation between these variables, which contradicts the previous result.

https://doi.org/10.56294/sctconf20251785
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Table 5. Relationship between birth weight and serum cystatin C and glomerular
filtration rate by serum cystatin C, according to the Pottel formula

Correlations Birth weight  Cystatin C  IFG. Pottel
Birth weight Pearson correlation 1 ,116 -,106
Sig. (bilateral) ,527 ,564
N 32 32 32

This table shows that there is a direct correlation between birth weight and serum cystatin C values. It was
observed that IFG by this method had an inverse correlation with birth weight.

DISCUSSION

In research conducted with children aged 3 to 6 years with low birth weight according to CIUR or normal
birth weight, we found the same association as Hoy? and Gamboa et al.?® in studies conducted in Australian
and Colombian populations, respectively, showing similar behavior in such different and distant environments.

The trend in adjusted PAD, PAS, and PAM values is entirely consistent with Pérez®), Barker?®®, Cosmi®?,
Law® Lenfant®", and Keijzer®?, who show in their studies that there is a direct relationship between low
birth weight and increased blood pressure values regardless of body surface area and age at the time of blood
pressure measurement, without reaching pathological levels in our case.

Serum creatinine is a substance whose concentration depends on the balance between its majority production
by skeletal muscle and its renal excretion;©®? as the body surface area is smaller in these children, their muscle
mass is lower, and therefore, their creatinine production is lower, which is consistent with the findings of other
authors® and confirmed in our study.

Regarding the contradictory results for IFG values, the discrepancy found between the Schwartz Il and Pottel
methods can be explained by the fact that the former uses a constant dependent on the muscle mass and
height of the infant. Therefore, children with a larger body surface area had higher IFG values. Secondly, the
Pottel equation adjusts for serum creatinine concentrations according to age and sex and not according to body
surface area. The bias is. Therefore, lower and higher IFG values are found as birth weight decreases, making
it a more suitable equation for calculating IFG in children, adolescents, and adults.

Serum cystatin C is a compound constantly formed by all nucleated cells, freely filtered by the glomerulus,
and almost entirely reabsorbed in the proximal convoluted tubule, where it is almost wholly catabolized
without being secreted. Its concentration does not vary with age, sex, or muscle mass, making it a better
marker of IFG than serum creatinine.®¥ Cystatin C values in the study sample correlated directly with birth
weight; however, IFG in these children showed an inverse correlation between birth weight and glomerular
filtration, meaning that these children had higher IFG values than their peers who were born with higher birth
weight. This result is consistent with the measurement made using the Pottel method with serum creatinine.®®
Although our results are not statistically significant, they are consistent with those of several authors, including
Vehaskari®®, Brenner®”, Bagby®®, and Bakker®”, who found that in children with low birth weight due to IUGR,
compensatory glomerular hyperfiltration of isolated nephrons is observed due to their lower number at birth
compared to healthy children, regardless of age.

Based on the results obtained, in children with low birth weight due to IUGR, there is an early state
of compensatory glomerular hyperfiltration in response to the congenital deficit in the number of nephrons
present at the early age of 3 years. This state of glomerular hyperfiltration should lead to activation of the
glomerular-tubular balance mechanism and, therefore, to an increase in reabsorption at the proximal tubule
level, which undergoes some degree of compensatory hypertrophy over time, considering that more than two-
thirds of the filtered sodium load and volume are reabsorbed in this segment.“0

A chronic increase in reabsorptive activity should increase plasma sodium concentrations and blood
volume; this effect, if maintained over time, could produce a glomerular-tubular balance at a higher filtration-
reabsorption level, as reported by other researchers,® which affects the regulatory systems that control the
pressure-dependent diuresis-natriuresis mechanism at the tubular level and, therefore, impairs the renal ability
to control blood pressure and causes increases in these values, such as those found in this study.

CONCLUSIONS

In children aged 3 to 6 years with a history of low birth weight due to IUGR, it has been confirmed that the
lower the birth weight, the higher the blood pressure values for the same age, without reaching pathological
levels.

The discrepancies between GFR values based on serum creatinine and birth weight were calculated using
two different formulas (Schwartz Il and Pottel); the glomerular filtration rate based on cystatin C was calculated
using the Pottel formula, which obtained a result similar to its equivalent for creatinine, are explainable and
recommend the latter formula for further studies. The GFR results confirm the hyperfiltration theory as the
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cause of high blood pressure in the sample studied.
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