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Abstract

Objective: To study the association between placental efficiency with anthropometry and nutri-

tional phenotypes in full-term newborns from a birth cohort.

Method: This was a secondary cross-sectional analysis of data obtained in a cohort study (Brazil-

ian Ribeir~aoPreto and S~ao Luís Birth Cohort Studies - BRISA), whose deliveries were performed

between 2010 and 2011. Standardized questionnaires were applied to mothers, and placentas

and newborns were evaluated shortly after delivery. Placental efficiency was assessed using the

ratio between birth weight and placental weight (BW/PW ratio); values below the lower quartile

(25th percentile for gestational age) were considered to have low placental efficiency. Newborn

phenotypes were small and large for gestational age, stunted and wasted, evaluated using the

INTERGROWTH-21 growth standard. To identify the confounding variables theoretical model was

constructed using Directed Acyclic Graphs, and unadjusted and adjusted logistic regression were

performed. Placental measurements were obtained blindly from pregnancy and delivery data.

Results: 723 mother-placenta-child triads were studied. 3.2 % of newborns were small-for-ges-

tational-age (SGA), 6.5 %large-for-gestational-age (LGA), 5.7 %had stunting, and 0.27 % wasting.

A significantly higher risk was found between low placental efficiency and SGA (OR 2.82;95 % CI

1.05�7.57), stunting (OR 2.23; 95 % CI 1.07�4.65), and wasting (OR 8.22; 95 % CI 1.96�34.37).

No relationship was found between LGA and placental efficiency.

Conclusions: Low placental efficiency was associated with increased risk for small-for-gesta-

tional-age, stunting, and wasting. Placental morphometry can provide valuable information on
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intrauterine conditions and neonatal health, helping to identify newborns at higher risk of future

comorbidities.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Introduction

The placenta plays a central role in fetal growth and devel-
opment during the intrauterine period. It is a multifunc-
tional organ that grows continuously with the fetus and its
structure and function evolve progressively and temporarily
assuming respiratory, nutritional, excretory, immunological
and endocrine functions [1].

Abnormal placental function affects the health of the
mother and fetus, with impaired nutrient supply and
increased risk of fetal growth restriction (FGR) and prema-
ture birth with increased perinatal morbidity and mortality
and possible impact on health even after the neonatal
period.

There is increasing evidence that features of placental
gross morphology are linked biologically to the functional
capacity of the placenta [2], but it has received little clini-
cal interest. The morphological evaluation of the placenta
immediately after birth can provide information about the
intrauterine conditions and the fetal-placental adaptations
that have taken place to meet the demands of fetal growth.

In addition to placental measurements -weight, diame-
ter, and thickness-, different ratios involving birth weight
(BW) and placental weight (PW) have been proposed as pos-
sible indicators of placental function and susceptibility to
adverse perinatal outcomes and chronic diseases in child-
hood and adulthood [2�3].

Morphological characteristics of the placenta were asso-
ciated with FGR, lower birth weight [4] and decreased head
circumference (HC) at birth, with reduced cerebral cortical
gray matter and hippocampal volume [5], in addition to a
decreased intelligence quotient in schoolchildren [6] and
increased risk of developing chronic diseases in early adult-
hood [7].

The term placental insufficiency is used to describe the
abnormal transport of nutrients with repercussions on
maternal and fetal health. The underlying causes of placen-
tal insufficiency remain poorly understood, but most investi-
gators agree that a common mechanism is abnormal
remodeling of the uterine spiral arteries, most likely caused
by an imbalance in maternal angiogenic factors, leading to
superficial invasion of the placenta into the vascular wall.
Regardless of the mechanism, remodeling of the spiral arter-
ies in the first and early second trimesters leads to abnormal
blood flow and damage to the placenta, leading to complica-
tions in pregnancy. However, to date, it has not been possi-
ble to fully understand the relationship between placental
function and adverse outcomes, nor to establish reliable
parameters for its assessment and application in clinical
practice [2,8].

Nevertheless, after birth, size at birth is an important
tool for the clinical evaluation of the newborn (NB) by
abnormal nutritional phenotypes, one of the main

parameters for predicting the risk of neonatal mortality and
childhood morbidities [9].

Thus, this study aimed to evaluate the birth weight/pla-
cental weight ratio (BW/PW) as a proxy for placental effi-
ciency and its association with anthropometry and
nutritional phenotypes of full-term newborns in a birth
cohort in Ribeir~ao Preto, SP, Brazil.

Methods

Study design

Secondary cross-sectional data was obtained from a prenatal
cohort study, with a descriptive and analytical approach.

Study population

This study was part of the ‘‘Etiological Factors of Preterm
Birth and Consequences of Perinatal Factors in Child Health:
Birth Cohorts in Two Brazilian Cities’’, known as BRISA (Bra-
zilian Ribeir~ao Preto and S~ao Luis Birth Cohort) study [10].
The study population consisted of a convenience sample of
1067 trios of mothers, newborns, and placentas, whose
delivery was performed at the Hospital das Clínicas of the
Faculty of Medicine of Ribeir~ao Preto (HCFMRP), from Janu-
ary 1, 2010, to June 28, 2011. Cases of multiple pregnancies
and absence of placental information were excluded, as
well as preterm newborns (NBs) (< 37 weeks) and those with
major malformations.

Mother and newborn evaluation

Information on demographic and social data, maternal
health, pregnancy and prenatal care characteristics, and
mother’s lifestyle habits were obtained through a standard-
ized questionnaire addressed to postpartum women.

Data on newborns, BW in grams, length in centimeters,
gestational age (GA) at birth in completed weeks, sex, pres-
ence of malformations, and Apgar scores were obtained
from the medical records.

To evaluate the parameters of BW, length, and BMI, the
Intergrowth-21(IG21) standard for GA and sex was used [11].
The following nutritional phenotypes were defined: for BW,
newborns below the 3rd percentile (p3) were considered
small for gestational age (SGA), and those above the 97th
percentile (p97) were considered large for gestational age
(LGA). Newborns’ length below p3 was considered stunted,
whereas BMI below p3 was classified as wasted.

Placental evaluation

Placentas were weighed in grams (g) on an electronic scale
after cutting the cord and membranes by the Department of
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Pathology of HCFMRP according to standardized procedures
[12]; measurements were obtained blindly from pregnancy
and delivery data.

The ratio between BW and PW in grams (BW/PW, inde-
pendent variable) was used as a proxy for placental effi-
ciency. The values were distributed according to
gestational age (GA), and BW/PW ratio values below the
lower quartile were considered indicators of low placen-
tal efficiency [13].

Statistical an�alisis

Normally distributed data were presented as means and
standard deviations (SD), and categorical variables were
described as numbers and frequencies. To identify the con-
founding variables, a theoretical model was built using
Directed Acyclic Graphs (DAG) [14], and the following con-
founding variables were identified: maternal age (< 20,
20�34, � 35 years), pre-gestational BMI (underweight, ade-
quate, overweight and obesity), parity (1, 2�3, � 4 chil-
dren) and presence of tobacco, alcohol, diabetes,
hypertension and anemia during pregnancy (Figure 1, Sup-
plemental Material). Unadjusted and adjusted logistic
regression analyses were applied, with a significance level
of 5 %, using the Stata 14.0 software.

Sample size: Considering a placental insufficiency preva-
lence of 24,6 %, absolute error of 1 %, and confidence inter-
val of 95 % the authors needed 658 newborns.

The project was approved by the ethics committee of the
HCFMRP (process No. 11,157/2008) and all mothers were
instructed about the study, agreed to participate, and signed
an informed consent form.

This article followed the STROBE recommendations for
observational epidemiological studies.

Results

Population

From the original sample of 1067 participants, 238 preterm,
6 post-term (over 42 weeks GA) NBs, 25 with major malfor-
mations, 14 multiple pregnancies, and 61 with lack of pla-
cental information were excluded, resulting in a final
population of 723 triads of mothers, NBs and placentas
(Figure 2, Supplemental material).

Maternal and newborn characteristics

The mean maternal age was 27.4 years, 11.6 % were adoles-
cents and 14.2 % were 35 years or older. Almost half of the
mothers were white, 98.8 % attended school, 33.7 % were
primiparous, 30,5 % were overweight or obese, 27.5 % had
hypertension, and 19 % had diabetes (Table 1).

The mean gestational age was 39.1 weeks. The aver-
age birth weight was 3328 g, with 3.9 % weighing less
than 2500, 3.2 % were SGA, and 6.5 % LGA, according to
IG-21. The mean length was 49 cm, and 5.7 % were
stunted. The average BMI was 13.8 kg/m2 and 0.27 %
showed wasting (Table 2).

Placental characteristics

The mean PW was 612.7 g, the mean largest diameter was
17.4 cm, and the mean thickness was 2.5 cm. The mean BW/
PW ratio was 5.61 and the mean lower quartile was 4.89
(Table 2).

There was a positive correlation between BW/PW ratio
and gestational age (r = 0.145, p < 0.001). The value of the
BW/PW lower quartile varied according to gestational age,
from 4.76 at 37+0 weeks to 5.21 at 42+6 weeks (Figure 1).

All placental measures (PMs) were consistently higher in
males than females, without statistical significance (data
not shown).

Risk of nutritional phenotypes associated with
placental efficiency

A two-fold increased adjusted risk of weight and length
below the third percentile (p3) and eight times greater for
BMI below the p3 associated with low placental efficiency
was observed. No relationship was found between LGA and
placental efficiency (Table 3).

Table 1 Maternal characteristics. BRISA-HCFMRP cohort,

2010�2011.

Characteristic Mean (SD) n / N (%)

Age (years)

12�19

20�34

� 35

27.4 (6.5)

84 / 723 (11.6)

533 / 723 (73.7)

106 / 723 (14.2)

Skin color

White

Black or brown

Other

Unknown

357 / 723 (49.4)

349 / 723 (48.3)

10 / 723 (1.3)

7 / 723 (1.0)

Education (years)

0

1�8

9�11

� 12

9 / 723 (1.2)

264 / 723 (36.5)

383 / 723 (53.0)

67 / 723 (9.3)

Parity

1

2�3

� 4

244 / 723 (33.7)

334 / 723 (46.2)

145 / 723 (20.1)

Pre-gestational BMI

(kg/m2)

< 18.5

18.5�24.9

25.0�29.9

� 30

26.0 (6.2)

33 / 639 (5.1)

281 / 639 (44.0)

163 / 639 (25.5)

162 / 639 (25.4)

Alcohol consumption 179 / 723 (24.8)

Smoking 128 / 723 (17.7)

Gestational hypertension 198 / 721 (27.5)

Gestational diabetes 137 / 721 (19.0)

Anemia 105 / 717 (14.6)

SD, standard deviation; BMI, body mass index.
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Discussion

The authors have demonstrated that the efficiency of pla-
cental function as reflected in the fetoplacental weight ratio
is strongly associated with altered nutritional phenotypes
(SGA, stunted and wasted) in full-term newborns from the
2010/2011 Ribeir~ao Preto birth cohort, and this has both
physiologic and functional implications.

These phenotypes can be used in multivariate models for
screening and identifying high-risk babies. In this study,
3.2 % of newborns were SGA, 6.5 % LGA, 5.7 % stunted, and
0.27 % wasting, results that differ from the normally

expected pattern. Also, shows a low frequency of fetal
growth restriction, with a deficit in length more frequent
than that of BMI, and, on the other hand, a higher incidence
of being overweight.

SGA was defined as BW for age and sex below the 3rd per-
centile, rather than the 10th percentile as used most often,
indicating a more serious insult and reducing the likelihood
of misclassifying a normal newborn as SGA. It is estimated
that in the SGA below the 10th percentile group, 60 % are
growth-restricted, and 40 % are constitutionally small [15].

SGA and LGA rates may be related to maternal size, as
increased maternal height and weight are associated with
increased newborn weight, even for women with normal
BMI. In addition, probably, the higher frequency of NBs LGA
was due to the elevated prevalence of maternal pre-preg-
nancy overweight; in the present study, 30,5 % of mothers
were overweight or obese, of high parity (20.1 %) and gesta-
tional diabetes (19 %), as well as alcohol consumption
(24.8 %), all recognized factors associated with higher birth
weight.

Other studies that used the IG-21 standard also revealed
a markedly high prevalence of LGA babies. A Canadian popu-
lation-based study with single live births revealed that,
according to the IG-21 standard, 9.63 % of newborns weighed
above the 97th percentile, while according to a Canadian
reference, 3.55 % had birth weight above the 97th percen-
tile [15].

The BW/PW ratio is a simple one to calculate in epidemio-
logical studies and encapsulates many different factors,
such as placental exchange surface area, transporter density
and activity, and blood flow rates, which would require more

Table 2 Newborn and placenta characteristics. BRISA-HCFMRP cohort, 2010�2011.

Characteristics Mean (SD) n / N (%)

Newborn

Gestational age (weeks) 39.1 (1.3)

Sex

Male

Female

353/723 (48.8)

370/723 (51.2)

Birth weight (g)

< 2500

2500 a 4000

> 4000

Birth weight for gestational age

< p3 (small for gestational age)

> p97 (large for gestational age)

3328.2 (501.8)

28/723 (3.9)

620/723 (85.7)

75/723 (10.4)

23/723 (3.2)

47/723 (6.5)

Length at birth (cm)

Length for gestational age

< p3 (stunting)

49.0 (2.2)

41/720 (5.7)

BMI at birth (Kg/m2)

BMI for gestational age

< p3 (wasting)

Placenta

Weight (g)

Large diameter (cm)

Disk thickness (cm)

BW/PW ratio

BW/PW ratio lower quartile

13.8 (1.4)

(Mean, SD)

612.7 136.3)

17.4 (2.0)

2.5 (0.7)

5.6 (1.2)

4.8

2/720 (0.27)

SD, standard deviation; BMI, body mass index; p3, 3rd percentil; p97, 97th percentil; BW/PW, birth weight/placental weight ratio.

Figure 1 BW/PW ratio by gestational age. BRISA Cohort -

HCFMRP, 2010�2011. BW, Birth weight; PW, placental weight;

p, percentile.
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detailed individual stereological, molecular, or physiological
analyses [16]. It might be assumed that the more weight
achieved per gram of placenta, the better the fetal out-
come. However, plasticity is lost as the term approaches;
consequently when, and how, the human placenta is able to
adapt to different nutritional conditions is poorly under-
stood.

Gestational changes occur in placental transport. Net flux
across the placenta accelerates at the fastest rate during
the second trimester. Therefore, it seems reasonable to pos-
tulate that there might be considerable changes in the
transporting capability of the placenta towards the end of
the first trimester and the early second trimester to enable
this acceleration to occur toward the term that explains the
increase in the BW/PW ratio (Figure 1, Supplemental Mate-
rial) [17].

There is considerable variation in placental efficiency
across the birth weight range, with a “U”-shaped pattern,
and on average, boys have heavier birth weights per gram of
placenta. There is increasing evidence that placental effi-
ciency changes over time in any given population and is
likely to be influenced by the nutritional environment. This
finding suggests that the nutritional conditions across the
life of a woman are highly influential in the establishment
and growth of the placenta, and thus impact the lifelong
health risks of her offspring [18].

The use of the birth weight to placental weight ratio as an
indicator of efficiency in transferring nutrients across the
placenta is strongly supported by studies carried out in rats
and other mammals, with clear evidence that the placenta
adapts its ability to transfer nutrients according to their size
[2�3]. In humans, although the relationship between pla-
cental size and nutrient transfer capacity is not fully under-
stood, the BW/PW ratio has been associated with perinatal
health conditions, during childhood and throughout life
[3,7].

Studies carried out with populations of different ethnici-
ties, in Nigeria [19], Argentina [20], and Japan [21] observed
a variation in BW/PW values according to gestational age,
with a mean increasing trend with the progression of preg-
nancy, a trend similar to that found in the present study,
which reinforces the findings previously demonstrated, and
in agreement with the positive correlation between BW/PW
ratio and gestational age observed. This tendency is proba-
bly because in early pregnancy placental growth is propor-
tionally greater than fetal growth; as pregnancy progresses,

this relationship is inverted, and fetal growth becomes pro-
portionally greater than placental growth [22].

A low BW/PW ratio describes fetuses with a relatively
higher placental weight compared to the birth weight,
whereby the nutrient transfer is reduced per gram placenta.
However, the birth weight to placenta weight ratio also
increases in conditions with FGR, demonstrating a closer
association between slower fetal growth and a relatively
wide and flat placenta, rather than a relatively thick pla-
centa [23].

In a previous study, the BW/PW ratio below the lower ter-
tile was associated with an increased risk of pre-eclampsia,
induced labor, cesarean section, and spontaneous preterm
birth (p < 0.001), whereas a ratio between the lower and
higher tertiles, was associated with an increased risk of low
birth weight (< 2500 g, p < 0.001) [24].

Misra et al. showed in a study that included 24,000 pla-
centas between 34 and 42 weeks a fetoplacental weight
ratio of 7.56 (SD 1.20) and a consistent relationship with
chorionic plate area and chorionic disc thickness, suggesting
a relationship of BW/PW ratio with intervillous perfusion
and placental resistance (via increased ramification of the
muscularized fetal stem arterioles) [6].

The higher risks of nutritional phenotypes associated with
low placental efficiency are of concern, as babies weighing
below p3 or above p97, according to the IG-21 standard,
have a higher risk of neonatal morbidity and mortality [25].
In addition, the reduction in length below p3 occurs as a
result of prolonged intrauterine growth restriction and is not
amenable to rapid nutritional treatment, thus requiring pre-
vention rather than treatment [26], while the reduction in
BMI results from acute in-utero damage that might be
reversible through appropriate postnatal nurturing and reha-
bilitation during the first 1000 days of life [27].

The main limitation of this study is that, although the
sample size was relatively large, it was derived from a con-
venience sample in a maternity hospital belonging to a high-
complexity facility, and the prevalence of comorbidities
among pregnant women was higher than that found in the
general population, which makes it difficult to extrapolate
our findings.

In addition, the use of digital images of the placenta has
been proposed to avoid observer bias [28]. However, to vali-
date the results, longitudinal studies of a cohort of placentas
would be needed to record real-time morphometry during
pregnancy, which, in addition to being quite complicated

Table 3 Crude and adjusted risk of nutritional phenotypes at birth with BW/ PW ratio below the lower quartile. BRISA Cohort -

HCFMRP, 2010�2011.

Crude risk Adjusted risk

Phenotypes OR IC 95 % p OR IC 95 % p

BW < p3 2.8 1.2�6.5 0.014 2.8 1.0�7.5 0.040

BW > p97 1.4 0.7�2.7 0.262 1.1 0.5�2.5 0.664

Lenght < p3 2.5 1.3�4.7 0.005 2.2 1.0�4.6 0.033

BMI < p3 9.4 2.5�35 0.001 8.1 1.9�34.3 0.004

BW, Birth weight; PW, placental weight; OR, odds ratio; p, p-value; CI, confidence interval; BMI, body mass index; p3, 3rd percentile; p97,

97th percentile.

Variables of adjustment: maternal age, pre-gestational BMI, parity, smoke. alcohol, diabetes, hypertension and anemia during pregnancy.
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and expensive to perform, could be developed by ultrasound
or magnetic resonance, whose estimates show an error of 10
to 20 % [29].

The placentas were evaluated by technically trained pro-
fessionals according to standardized procedures [12] and the
measurements were obtained blindly from the pregnancy
and delivery data, to avoid observer bias.

The main contributions of this study were the observation
of significantly increased risk for several nutritional pheno-
types [30] below p3 associated with low placental efficiency.
In Latin America, there are no comparable studies on the
risk of nutritional phenotypes in newborns associated with
placental anthropometry.

The BW/PW ratio is highly reproducible, but the most
appropriate way to use it is not yet completely clear, and
further studies are needed to improve the understanding of
the compensatory mechanisms developed by the placenta
and its growth in relation to fetal growth in usual and
adverse situations and broaden the understanding of the
most appropriate assessment techniques and how to imple-
ment them in clinical practice.

In conclusion, low placental efficiency was associated
with increased risk for small-for-gestational-age, stunted,
and wasted. The evaluation of placental morphometry can
provide valuable information on intrauterine conditions and
neonatal health, helping to identify newborn phenotypes at
higher risk of future comorbidities, in addition to being a
simple and low-cost tool.
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