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Comparison of adequacy of birth weight for gestational age according to
different intrauterine growth curves

Abstract

Objectives: to compare the assessment of the adequacy of birth weight for gestational

age according to different intrauterine growth curves.

Methods: across-sectional study, which analyzed gestational and neonatal information

from 344 mother-newborn binomials. Birth weight data were analyzed using the International

Fetal and New Born Growth Consortium for the 21st Century (INTERGROWTH-21st) and

compared with the growth curves proposed by Alexander et al. and Fenton & Kim. Newborns

were classified as small for gestational age (SGA), suitablefor gestational age (SUGA) or

large for gestational age (LGA).

Results: among the newborns, 51.2% were male, and 93.0% were born at term. Higher

prevalence of SUGA and LGA and lower SGA was found by the INTERGROWTH-21st curves

when compared to the references of Fenton & Kim and Alexander et al. Moderate agreement

was observed in detecting birth weight by different growth curves.

Conclusions: there was a lower detection of SGA infants and a higher screening, espe-

cially of LGA infants, in the INTERGROWTH-21st evaluation, when compared to the growth

curves of Fenton & Kim and Alexander et al.
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Introduction

Birth weight is one of the health indicators that most

influences the health-disease process in the first

years of life.1 Its extremes are associated with higher

rates of neonatal and postnatal morbidity and

mortality, in addition to childhood and adult age

morbidity.2 Additionally, birth weight has been eva-

luated as a predictor of the development of chronic

noncommunicable diseases in adolescents and

adults.3

For the birth weight classification of newborns

of different gestational ages, the use of intrauterine

and/or neonatal growth curves is recommended.

However, these are usually based on specific popu-

lation data,4-8 which makes it difficult to compare

across different populations.Among the various

curves, we highlight the Fenton & Kim curves,4

which were developed from a meta-analysis with a

representative sample of newborns from studies

conducted in six countries, being  the most

frequently used in Brazil in recent years; and the

Alexander et al.5 curves, constructed using data from
a significant number of live births of single pregnan-

cies of American women from different ethnic

groups, using the last menstrual date (LMD) as the

method for defining gestational age.

Recently, newcurves, named International Fetal

and New Born Growth Consortium for the 21st

Century (INTERGROWTH-21st) were published,9

allowing anthropometric assessment in the fetal,

neonatal and postnatal period of children, regardless

of gestational age at birth. These, as well as the

curves recommended by the World Health

Organization (WHO), in Multicentre Growth

Reference Study,10 were built from data from

different countries and ethnic groups, including

Brazil, and are characterized as a referral where

different populations can be evaluated and

compared. However, despite its relevance, there is

still no recommendation on the growth curve to be

used to assess newborns in Brazil. In this context,

this article aims to compare the assessment of birth

weight adequacy for gestational age according to

different curves.

Methods

A cross-sectional study conducted with newborns of

pregnant women attended at the public health

network in the city of Maceio, State of Alagoas, in

2014. The study is part of a larger research from

Brazilian National Health System (Sistema Único de
Saúde – SUS) entitled "Nutritional status, weight

gain and eating behaviour of pregnant women from

Maceió-Alagoas: impact on the health of the mother-

child binomial" (Edital PPSUS number 60030

000741/ 2013). 

In 2014 the municipality was strategically orga-

nized into eight health districts, with a total of 60

Basic Health Units (BHU). For the sample selection

of the studied population, a random draw of 50% of

the total BHU, by sanitary district, was performed.

Once the selected units were defined, a score was

established according to the number of pregnant

women registered in each unit, according to the list

provided by the Municipal Secretary of Health, so

that those units with more registered pregnant

women contributed, proportionally, with a higher

number in the sample. The recruitment and data

collection of pregnant women were performed

through non-random interviews on the days esta-

blished for prenatal consultations at the BHU, and

the pregnant women were invited for voluntary

participation in the study. Newborn data were subse-

quently collected from the Municipal Health

Department's Registration System.

As inclusion criteria, the study included

newborns of pregnant women attended at the muni-

cipal public health network of Maceio, coming from

a single pregnancy, and newborns with congenital

diseases or neonatal complications were not

included. Pregnant women with neurological pro-

blems that impededthe interview and /or who

presented physical limitations for anthropometric

evaluation were excluded.

The sample size calculation was performed a

posteriori with the aid of the Epi Info version 7.0

program, considering the prevalence of small

newborns for gestational age (SGA) of 12.0%,11 a

sampling error of 3% and an interval of 95% confi-

dence, being necessary 331 newborns.

The data obtained from the newborns were

gestational age at birth, modeof delivery and birth

weight. Birth weight was classified according to the

growth curves proposed by INTERGROWTH-21st,9

Fenton & Kim4 and Alexander et al.,5 and newborns
with birth weight below the 10th percentile were

characterized as  small for gestational age (SGA);

suitable for gestational age (SUGA) those between

the 10th and 90th percentiles; and large for gesta-

tional age (LGA) newborns above the 90th

percentile. In this study, we considered as a refe-

rence growth curve the INTERGROWTH-21st

(2014),9 because it presents a representative sample

of the Brazilian population in its construction.

For the classification of gestational age at birth,

those with a gestational age inferior than 37 weeks
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were considered preterm, term those with a gesta-

tional age between 37 and 41 weeks, and post-term

those with a gestational age of 42 weeks or more.12

Statistical analyzes were performed with the aid

of the STATA® version 13.0, adopting a confidence

level of 95% (α = 0.05). The degree of agreement

between the methods (growth curves) expressed by

the weighted Kappa (K) value was measured consi-
dering the following cut off points: 0-0.39 poor

agreement; 0.40-0.59 moderate agreement; 0.60-

0.79 substantial agreement and 0.80-1.00 near

perfect agreement.13

The project was approved by the Research Ethics

Committee of the Federal University of Alagoas

(CAAE Number 18807.113.3.0000.5013).

Results

A total of 344 newborn were evaluated, with 176

male children (51.2%), with mean birth weight and

length of 3240g (± 550g) and 48.67cm (± 3.32cm),

respectively. There was a higher frequency of term

births (n = 320; 93.0%), with a median of 39

(minimum of 34 and maximum of 43) gestational

weeks at birth. Twenty (5.8%) children were born

preterm and four (1.2%) postpartum.

Table 1 shows the comparisons of birth weight

classifications between the different curves. When

the INTERGROWTH-21st 9 and Fenton & Kim4

ratings were compared, 4.9% vs 16.9% of the

concepts were SGA (p<0.001); 85.2% vs 73.5% were

AGA (p<0.001) and 9.9% vs 9.6% were LGA

(p<0.001). On the other hand, when compared to
INTERGROWTH-21st 9 and Alexander et al.,5 it was
found, respectively, that 4.9% vs 18.6% of the

concepts were SGA (p<0.001); 85.2% vs 74.1% were

SUGA (p<0.001) and 9.9% vs 7.3% were LGA

(p<0.001). 
Table 2 shows the agreement values between

birth weight classifications according to the different

curves. As can be seen, there was a moderate agree-

ment between the INTERGROWTH-21st 9 and

Fenton & Kim4 curves (K= 0.5625; p<0.001) and
between INTERGROWTH-21st 9 and Alexander et
al.5 (K= 0.5581; p<0.001).

Discussion

In assessing birth weight of newborns, by different

growth curves, higher prevalence of SUGA and LGA

and lower SGA was found by INTERGROWTH-

21st9 when compared to the references of Fenton &

Kim4 and Alexander et al.5 Moderate detection of

birth weight between INTERGROWTH-21st 9 and

Fenton & Kim,4 and between INTERGROWTH-

21st9 and Alexander et al.5

Some decades ago, birth weight according to

pre-established cut-offs have been used in clinical

practice.14 More recently, the publication of new

INTERGROWTH-21st9 curves has made it possible

to assess neonatal growth. It is important to empha-

size that these criteria consider, in addition to anthro-

pometric data obtained at birth and gestational age at

birth, the gender of the newborn, which constitutes a

limitation in the use of the Fenton & Kim4 and

Alexander et al.5

Regarding the curves for birth weight classifica-

tion used in this research, it is noteworthy that, in the

assessment of fetal weight estimation, the INTER-

GROWTH-21st9 curve was developed from multi-

centric data of pregnancies with minimum criteria

regarding age, height, weight, diet and pre-existing

clinical conditions, being excluded any complica-

tions that could interfere with fetal size. Fenton &

Kim4 curves were developed from a meta-analysis,

including studies from six developed countries,

which allows this method to be valid for external

purposes. In contrast, the curve of Alexander et al.5

Table 1

Comparison between the birth weight categories of newborns treated in the public health network according to the curves of

INTERGROWTH-21st 9, Fenton & Kim4 and Alexander et al.5 Maceio, Alagoas, Brazil, 2014.

Weight categories        INTERGROWTH-21st 9               Fenton & Kim4 Alexander et al.5 χ2*               p*             χ2**               p**

n             %                     n             %                  n           %                     

SGA 17 4.9 58 16.9 64 18.6 88.18 <0.001 78.24 <0.001

SUGA 293 85.2 253 73.5 255 74.1 96.16 <0.001 86.24 <0.001

LGA 34 9.9 33 9.6 25 7.3 177.83 <0.001 204.10 <0.001

Chi-square test (χ2), p<0.05 as significant. SGA = Small for Gestational Age, SUGA = Suitable for Gestational Age, LGA = Large for
Gestational Age. 
*Comparison between INTERGROWTH-21st9 and Fenton & Kim.4

**Comparison between INTERGROWTH-21st9 and Alexander et al.5
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Table 2

Agreement between the birth weight categories of newborns treated in the public health network according to the

curves of INTERGROWTH-21st9, Fenton & Kim4 and Alexander et al.5 Maceio, Alagoas, Brazil, 2014.

Variables                                                                            K*                       Agreement  (%) p*             

INTERGROWTH-21st9/ Fenton & Kim4 0.5625 92.01 <0.001

INTERGROWTH-21st9/ Alexander et al.5 0.5581 92.01 <0.001

* Weighted Kappa agreement test (K), p<0.05 as significant.

attributed to conditions inherent to the mother and

her inadequate nutritional status, as well as the

occurrence of endocrine disorders, such as gesta-

tional diabetes,  can be listed, which may lead to an

excessive or limited supply of nutrients to the fetus,

impairing its normal evolution. In addition to this,

other complications in pregnancy associated with the

placental condition, such as intrauterine growth

restriction, preeclampsia and hypoxia, are important

challenges in the care of the maternal-fetal

binomial.21

Considering strong evidences that point out the

importance of the first 1000 days of life in the

performance of interventions capable of preventing

childhood morbidity and mortality and health pro-

blems throughout life, which are defined as a

window of opportunity,22 the new INTER-

GROWTH-21st 9 curves become favorable in early

detection of overweight, allowing strategies to be

applied to minimize its long-term effects, more

precisely in the development of noncommunicable

chronic diseases. Corroborating this understanding,

Francis et al.23 found, based on data from 10 coun-
tries, higher LGA rates with the use of the INTER-

GROWTH-21st9 reference when compared to the use

of the custom standard English curve (GROW).

On the other hand, the birth of SGA, associated

with unhealthy living conditions, low number of

prenatal consultations and low maternal education is

still a serious public health problem, being a reality

in the Northeast region of Brazil,24 which raises the

hypothesis that the use of more sensitive criteria for

detection could be more accurate. In this context, the

Fenton & Kim,4 Alexander et al.5 curves that track
more SGA could be more indicated in the detection

of newborns as eligible for greater health and nutri-

tion-related care.

The unified use of the same growth curves for

the assessment of the nutritional status of children at

birth is controversial, when it is a reference where

distinct populations can be evaluated and compared.

The optimal fetal growth and development exists

when intrauterine conditions, inherent to maternal

was constructed from a United States (USA) data-

base, showing that the use of this curve in specific

ethnic groups would not be adequate.

When comparing the two criteria4,5 with the new

proposals of INTERGROWTH-21st9, in the assess-

ment of birth weight, an average prevalence of 3.6

times higher SGA and 1.2 times lower LGA was

observed when the criteria Fenton & Kim4 and

Alexander et al.5 Similarly, a study by Kozuki et
al.,15 which evaluated birth weight data from chil-
dren participating in 16 cohorts by INTER-

GROWTH-21st 9 and two other North American

growth curves, found a pooled prevalence of SGA

infants in 23.7% of the children, when using the

INTERGROWTH-21st9 curves and, on average,

34.4%, when the other American curves were used.

Thus, the authors verified a reduction of about 30%

in the prevalence of SGA among the studied cohorts,

when the new referential was used.

These findings reinforce the observation that the

new INTERGROWTH-21st 9 curves have a larger

shift to the right side to be more sensitive in

screening for LGA newborns and, consequently,

reducing the diagnosis of SGA. A similar observa-

tion was discussed by other authors when comparing

the growth curves of the WHO Multicentre Growth

Reference Study10 with the old National Center for

Health Statistics (NCHS)16 and Centers for Disease

Control and Prevention (CDC)17 standards, where it

was shown that WHO curves present greater sensi-

tivity in detecting overweight when compared to

other references.18,19 These findings are presented

within the context of the nutritional transition

observed in recent decades, from the perspective of

the need to prevent and address the obesity

epidemic.20

It has been well described in the literature that

complications in intrauterine life are closely related

to human development, from childhood to adult-

hood.1 However, to observe this phenomenon,

known as fetal programming, further clarification of
the factors associated with different pathological

outcomes is still necessary. These factors can be
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health and nutrition conditions, are adequate. In this

case, it would be justifiable and appropriate to use

the same framework in different populations.25

However, in countries with differing levels of social

and economic development, this seems to be a

problem.

Another aspect that needs to be analyzed is about

the practical use of these tools. The classification

criteria used in the present study for neonatal anthro-

pometric assessment are discordant in the assess-

ment of birth weight. In this study, we found that the

curves of Fenton & Kim4 and Alexander et al.5

would be better applied in SGA screening and, on

the other hand, INTERGROWTH-21st 9 would be

important for LGA screening. In this context, it is

important to highlight that usually in health services

in Brazil, it is commonly verified the assessment

based only on the birth weight of the child, classi-

fying as low birth weight those weighing less than

2500g, and macrosomic children born with weight

equal to or greater than 4000g,25 which is also a

method of limitations because it does not reflect all

aspects of fetal growth and development.1 The

results of the present study do not allow a careful

evaluation about which method would be more

appropriate to characterize the nutritional status of

the Brazilian newborn and this aspect may be the

object of future studies.

Finally, newborn growth and optimal develop-

ment should be routinely monitored with consistent

tools to assist in the necessary neonatal care, as

during this period growth as a continuous process

may suffer interferences. To monitor growth, anthro-

pometric standards are needed to assess adequacy

levels and growth deviations, but, above all, that are

compatible with the local reality and of each type of

health service. Also, it should be noted that moni-

toring the growth curve of the child is more relevant

than just the comparison with references.

It is important that studies with similar charac-

teristics be carried out in other population groups,

since different findings can be glimpsed, due to

socioeconomic and cultural heterogeneities. Thus, it

is intended to assist in the evaluation of the better

referenceto be adopted in epidemiological studies in

the country and in health services.
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