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The importance of using local populations to assess fetal

and preterm infant growthI
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In this issue of the Jornal de Pediatria, Carlos Grandi and col-

leagues report anthropometric measurements made at

birth, including weight/length (W/L) ratios and body compo-

sition estimates at birth, from a Brazilian cohort of “normal”

preterm and term infants.1 This was a large undertaking

involving a cross-sectional analysis of data obtained from

7427 live-born neonates (3682 boys [49.6%] and 3745 girls

[50.4%]) from the BRISA Cohort Study in the city of Ribeir~ao

Preto, SP, Brazil in 2010. Infants with gestational ages rang-

ing from »24 weeks to term were included, thus establishing

fetal growth reference values for preterm infants in this

population. Importantly, the RP-BRISA Cohort represented a

relatively broad range of maternal characteristics and envi-

ronmental conditions, an advance over previous studies of

fetal growth in Brazil that had small sample sizes, included

predominantly white populations, and lacked reference val-

ues for common body composition indices by sex and gesta-

tional age.

There are three fundamental reasons for establishing pat-

terns and rates of growth in a relatively normal population of

fetuses that underscore the importance and value of the RP-

BRISA Cohort Study. First, while all organisms must maintain

normal cellular metabolism, fetuses (and thus preterm

infants) must grow—growth is their defining biological char-

acteristic. The fetal period encompasses the greatest

changes in growth rate, body proportions, and body compo-

sition during the life of an individual. Documenting normal

fetal growth rates is, therefore, fundamental, and develop-

ing growth charts based on normal fetal growth is essential

for comparing subsequent growth of a preterm infant with

how the normal fetus of the same gestational age would

have grown in utero. Second, growth during the fetal and

preterm neonatal period determines to a significant degree

later life stature, body composition, and neurodevelopmen-

tal, cognitive, and behavioral outcomes. Assessing growth in

a preterm infant, including body composition, is critical for

estimating future growth and longer-term developmental

outcomes. Third, normal growth only occurs when adequate

nutrition is provided. Meeting growth references of normal

fetuses among preterm infants is essential to ensure that

any infant born preterm is fed sufficient nutrition to achieve

optimal growth and development.

Some background information about fetal growth that

supports the value of the RP-PRISA Cohort Study is worth

reviewing. Under usual conditions, the normal healthy fetus

grows at its genetic potential, which is primarily dependent

on the size of both parents. The smaller (generally, shorter)

the mother, the more she limits fetal growth by “maternal

constraint,” which represents a limitation of uterine size.2

Uterine size is directly related to the maternal height; thus,

a shorter mother will have a smaller uterus with reduced

endometrial surface area and the capacity for placental

growth.3 In contrast, tall mothers will generally produce

larger infants. Fetal size also depends on the placental size

that is determined by the father’s genetic imprinting.4

Therefore, fetal size in general depends on the combined

size of both parents.

Anthropometric measurements for unique populations of

preterm infants at any gestational age also vary according to

a variety of factors that were fundamental in the RP-BRISA

Cohort Study. Maternal characteristics are most important in

determining fetal growth, including age, parity, socioeco-

nomic status, race, ethnic background, body fat content,

health, pregnancy-related disorders (e.g., preeclampsia,
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diabetes), and nutrition (maternal undernutrition restricts

fetal growth, but more commonly these days, mothers with

obesity and diets high in simple carbohydrates and fat tend

to produce larger infants who often have excess fat mass).5

Anthropometric measurements also vary according to the

number of fetuses per mother, the number of infants

included in the study, and the accuracy of anthropometric

measurements. Estimates of gestational age of the infants

at birth also are variable, because of imprecise post-implan-

tation bleeding and irregular menses dates and broad age

ranges for the onset and appearance of physical features of

maturation in the infant that are compounded by inter-

observer variation in their assessments.

Cross-sectional growth studies measure anthropometric

indices at birth at different gestational ages. Most high-qual-

ity cross-sectional fetal growth studies have involved

defined, relatively homogeneous populations and have

excluded obviously abnormal mothers and infants. Inclusion

of some slowly growing fetuses is usually balanced by an

approximately equal number of more rapidly growing

fetuses, such that the highest quality cross-sectional growth

charts represent normal fetal growth rates and patterns. It

is important to note, however, that a limitation of cross-sec-

tional growth curves is that one does not know whether an

individual preterm infant was growing normally before birth,

limiting the capacity to predict its future pattern or rate of

growth or nutritional requirements for growth.

Several fetal growth charts have been developed using

data from cross-sectional anthropometric measurements at

birth representing infants born in North America and Europe

and from low, moderate, and high socioeconomic back-

grounds, multiple races and ethnic origins, “normally” short

and tall mothers as well as the majority of normal-sized

mothers, and low (sea level) and moderately high (»1 mile,

or »1500 meters) altitudes.5 Together these growth curves

represent almost 8 million infants.6-9 The RP-BRISA Cohort

birth weight data overlap with most of these growth charts

and show the typical S-shaped fetal growth curve from »24

weeks to term that follows the 50th to 60th weight-for-gesta-

tional age percentile of the Fenton growth chart (»28 g/day

or »13 g/kg/day)6 at a very similar rate of about 25 g/day

(»12 g/kg/day). Body fat mass and lean mass for infants in

the RP-BRISA Cohort study were not measured, rather they

were estimated using reference values from air displace-

ment plethysmography measurements in infants of similar

gestational age from the International Fetal and Newborn

Growth Consortium for the 21st Century (INTERGROWTH-

21st) multicenter, multi-country, population-based study.10

Comparisons of the fat mass and lean mass values between

the RP-BRISA Cohort and other international growth studies

were noted to be similar.11

The RP-BRISA Cohort study also used measurements of

weight and length to calculate weight for length relation-

ships, including the W/L ratio (W in kg/L in meters), the BMI

(W/L2), and the Ponderal Index (W/L3). W/L growth curves

for those infants born at >33 weeks but <37 weeks gestation

were produced (Fig. 2).1 In contrast to the similar weight-for-

gestational age values for the RP-BRISA Cohort and other

international growth curves, the average W/L ratios in the

RP-BRISA Cohort infants were slightly greater (6.5 kg/m)

than those of the most commonly used Fenton curves (»5.6

kg/m) or the Intergrowth 21st W/L growth curve values.6,10

The reasons for the greater W/L ratios in the RP-BRISA Cohort

infants are not known, but represent the primary limitation

of W/L growth relationships, that unless weight and length

are shown simultaneously, at any single gestational age or

over time, one does not knowwhether a high or lowW/L rela-

tionship is the result of higher or lower weights or longer or

shorter lengths. In contrast, the original Lubchenco growth

charts included the Ponderal Index values with the weight,

length, and head circumference values, which allowed criti-

cal interpretation of high or low Ponderal Index values as due

to high or lowweight or high or low length values.12

The W/L discrepancy between the RP-BRISA Cohort and

the Intergrowth 21st populations also might reflect that the

Intergrowth 21st curves are projections into the fetal period

from serially measured growth, primarily after birth through

2 years of age, of infants from pooled international popula-

tions that included mothers with widely varying size (partic-

ularly height) and different racial and ethnic backgrounds.13

Furthermore, the actual fetal data used for the Intergrowth

21st curves included only 201 infants < 37 weeks, with very

few female infants, and their weights at birth tended to be

in the lower 50th percentile range of the projected fetal

growth curves, which could have led to the greater W/L

ratios in the Brazilian cohort. Similarly, using the Inter-

growth 21st infant fat mass values also might have negatively

biased the calculated RP-BRISA infant fat mass (and thus

lean mass) values. Thus, the Intergrowth 21st fetal growth

curves might not represent fetal growth of Brazilian fetuses

as well as the RP-BRISA Cohort, cross-sectional growth

curves do, as the RP-BRISA Cohort included a 4-fold larger

population of preterm infants, 857 infants < 37 weeks, and

relatively equal numbers of male and female infants.

The W/L discrepancy between the RP-BRISA Cohort and

the Intergrowth 21st populations highlights clearly that fetal

growth curves should be developed for unique and reason-

ably homogeneous populations that represent relatively

common environmental influences and genetics of the

infants’ parents. They also should represent more common

characteristics that affect fetal growth, such as parental

size, maternal nutrition, rates of maternal obesity and dia-

betes, general maternal health, and so forth. Importantly,

the growth and body composition data of the RP-BRISA

Cohort clearly show that this population of Brazilian fetuses

is growing as well as fetuses from other developed countries

around the world. The RP-BRISA Cohort study authors rea-

sonably concluded, therefore, that their anthropometric

and body composition data could be used as references for

fetal and preterm neonatal growth and nutrition among sim-

ilar populations within Brazil and perhaps internationally.

There are several nutritional implications of using normal

fetal growth rates to determine the optimal nutrition of pre-

term infants. Growth should proceed symmetrically following

normal fetal growth for weight, length, head circumference,

and body lean and fat mass components. Failure to provide

sufficient protein and energy nutrition, from either maternal

or neonatal undernutrition, leads to growth faltering that uni-

versally has been shown to produce later life shorter stature

and suboptimal neurodevelopment and cognition. Excess pro-

tein intake, however, does not further increase fetal or pre-

term neonatal growth, especially when the fetus already is

growth restricted. And while energy intake is fundamental

for brain growth, as is protein intake, excess energy, even
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when the length and head circumference of the fetus or pre-

term infant are growing appropriately, leads to excess body

fat mass production. When this occurs in fetal life, it appears

to predispose to later life obesity, whereas modest amounts

of excess fat in the preterm infant do not appear to last.

Mechanisms for this discrepancy are uncertain, but might

relate to the development of excess adipocytes in the fetus,

perhaps from mesenchymal stem cells that populate and then

proliferate in peripheral adipose tissue, which does not occur

after birth.14

Percentile curves within growth charts are important for

documenting the normal variability in weight, length, and

W/L ratios within a healthy population. It is important, how-

ever, not to characterize infants with low or high percentile

values (e.g., <3rd or <10th percentile or >90th or >97th per-

centile) with terms that imply that their more extreme

growth parameters are pathological.15 Some of these infants

are healthy infants who are simply genetically smaller or

genetically larger. The authors of the RP-BRISA Cohort study,

like the World Health Organization,16 inappropriately, there-

fore, suggest that infants who are <3rd percentile for

height, weight-for-length, or body mass index are “stunted”

or “wasted”.17 It would be equally inappropriate to label

infants >97th percentile as “obese” or “overweight”, imply-

ing a pathological condition, when many of these infants are

normally grown but simply have large parents. Such terms

are more appropriate at the population level to identify

social, economic, political, or other effects on growth.18

They are not necessarily diagnostic for individual infants and

do not reflect an infant’s genetic growth potential.

Fetal growth data obtained at birth from normal preterm

infants at different gestational ages, as was done in the RP-

BRISA Cohort Study, are extremely valuable as references

for the growth and nutrition of the preterm infant in the

NICU. Each growth chart, however, is unique for the popula-

tion it represents and is generalizable only to the extent

that its population broadly encompasses a variety of paren-

tal genetics, maternal characteristics, and environmental

conditions. Weight and length measurements in preterm

infants at birth and in the NICU are critical for understanding

whether various weight-for-length ratios and calculations

represent heavier or lighter infants or taller or shorter

infants. The ideal is that nutrition supports symmetrical

growth of both weight and length according to the growth of

normal fetuses of the same gestational age. Establishing

growth patterns for a normal population of fetuses provides

important goals for the nutrition of preterm infants to pro-

mote normal growth and development.

Conflicts of interest

The author declares no conflicts of interest.

References

1. Grandi C, Rodrigues LDS, Aragon DC, Carmona F, Cardoso VC.

Weight/length ratio references and newborn body composition

estimation at birth from a Brazilian cohort. J Pediatr (Rio J).

2021;97:610�6.

2. Gluckman PD, Hanson MA. Maternal constraint of fetal growth

and its consequences. Semin Fetal Neonatal Med.

2004;9:419�25.

3. Rochow N, AlSamnan M, So HY, Olbertz D, Pelc A, D€abritz J,

et al. Maternal body height is a stronger predictor of birth

weight than ethnicity: analysis of birth weight percentile

charts. J Perinat Med. 2018;47:22�9.

4. Reik W, Walter J. Genomic imprinting: parental influence on the

genome. Nat Rev Genet. 2001;2:21�32.

5. Hay WW Jr. Growth and Development: Physiological aspects. In

Caballero B, Allen L, Prentice A, eds. Encyclopedia of Human

Nutrition, 3rd Edition, Vol. 2. Waltham MA: Academic Press

(Elsevier); 2013, p. 399-407.

6. Fenton TR, Kim JH. A systematic review and meta-analysis to

revise the Fenton growth chart for preterm infants. BMC

Pediatr. 2013;13:59.

7. Olsen IE, Groveman SA, Lawson ML, Clark RH, Zemel BS. New

intrauterine growth curves based on United States data. Pediat-

rics. 2010;125:e214�24.

8. Buck Louis GM, Grewal J, Albert PS, Sciscione A, Wing DA, Grob-

man WA, et al. Racial/ethnic standards for fetal growth: the

NICHD Fetal Growth Studies. Am J Obstet Gynecol.

2015;213:449.

9. Mihatsch W, Polandt F, Koetting K, Voigt M. New and improved

population-based German reference data for preterm infants’

growth. Z Geburtshilfe Neonatol. 2004;208:146.

10. Villar J, Puglia F, Fenton TR, Ismail LC, Staines-Urias E, Giuliani

F, et al. Body composition at birth and its relationship with neo-

natal anthropometric ratios: the newborn body composition

study of the INTERGROWTH-21st project. Pediatr Res.

2017;82:305�16.

11. Hamatschek C, Yousuf EI, M€ollers LS, So HY, Morrison KM, Fusch

C, Rochow N. Fat and Fat-Free Mass of Preterm and Term Infants

from Birth to Six Months: A Review of Current Evidence.

Nutrients. 2020;12:288.

12. Ducan B, Lubchenco LO, Hansman C. Growth charts for children

0 to 18 years of age. Pediatrics. 1974;54:497�502.

13. Kiserud T, Piaggio G, Carroli G, Widmer M, Carvalho J, Jensen

LN, et al. PLoS Med. 2017;14:e1002220. Erratum in: PLoS Med.

2017;14:e1002284. Erratum in: PLoS Med. 2017;14:e1002301.

Erratum in: PLoS Med. 2021;18:e1003526.

14. Baker 2nd PR, Patinkin Z, Shapiro AL, De La Houssaye BA,

Woontner M, Boyle KE, et al. Maternal obesity and increased

neonatal adiposity correspond with altered infant mesenchymal

stem cell metabolism. JCI Insight. 2017;2:e94200.

15. Villar J, Restrepo-M�endez MC, McGready R, Barros FC, Victora

CG, Munim S, et al. Association Between Preterm-Birth Pheno-

types and Differential Morbidity, Growth, and Neurodevelop-

ment at Age 2 Years: Results From the INTERBIO-21st Newborn

Study. JAMA Pediatr. 2021;175:483�93.

16. Garza C, Borghi E, Onyango AW, de Onis M. WHO Multicentre

Growth Reference Study Group. Parental height and child

growth from birth to 2 years in the WHO Multicentre Growth

Reference Study. Matern Child Nutr. 2013;9:58�68.

17. World Health Organization (WHO). Interpreting indicators.

Training Course on Child Growth Assessment. Geneva: WHO;

2008, [cited 2021 Mar 17]. Available from: https://www.who.

int/nutrition/publications/childgrowthstandards_training-

course/en/.

18. Patel R, Tilling K, Lawlor DA, Howe LD, Bogdanovich N, Matush

L, et al. Socioeconomic differences in childhood length/height

trajectories in a middle-income country: a cohort study. BMC

Public Health. 2014;14:932.

584

W.W. Hay Jr

http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0001
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0001
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0001
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0001
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0001
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0002
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0002
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0002
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0002
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0003
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0003
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0003
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0003
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0003
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0003
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0004
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0004
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0004
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0006
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0006
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0006
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0007
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0007
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0007
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0007
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0008
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0008
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0008
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0008
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0009
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0009
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0009
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0010
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0010
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0010
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0010
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0010
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0010
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0011
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0011
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0011
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0011
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0011
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0012
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0012
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0012
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0013
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0013
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0013
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0013
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0014
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0014
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0014
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0014
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0015
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0015
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0015
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0015
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0015
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0015
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0015
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0016
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0016
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0016
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0016
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0016
https://www.who.int/nutrition/publications/childgrowthstandards_trainingcourse/en/
https://www.who.int/nutrition/publications/childgrowthstandards_trainingcourse/en/
https://www.who.int/nutrition/publications/childgrowthstandards_trainingcourse/en/
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0018
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0018
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0018
http://refhub.elsevier.com/S0021-7557(21)00058-9/sbref0018

	The importance of using local populations to assess fetal and preterm infant growth
	Conflicts of interest
	References


