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Use of a Bayesian hierarchical model to
study the allometric scaling of the
fetoplacental weight ratio

Utilizacao de modelo hierarquico Bayesiano
para estudar a relacao alométrica entre o
peso placentario e peso ao nascer

Abstract

Objectives: to propose the use of a Bayesian hie-
rarchical model to study the allometric scaling of the
fetoplacental weight ratio, including possible
confounders.

Methods: data from 26 singleton pregnancies with
gestational age at birth between 37 and 42 weeks
were analyzed. The placentas were collected immedi-
ately after delivery and stored under refrigeration
until the time of analysis, which occurred within up to
12 hours. Maternal data were collected from medical
records. A Bayesian hierarchical model was proposed
and Markov chain Monte Carlo simulation methods
were used to obtain samples from distribution a poste-
riori.

Results: the model developed showed a reason-
able fit, even allowing for the incorporation of vari-
ables and a priori information on the parameters
used.

Conclusions: new variables can be added to the
modelfrom the available code, allowing many possi-
bilities for data analysis and indicating the potential
for use in research on the subject.
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Resumo

Objetivos: propor a utilizagdo de um modelo
Hierdrquico Bayesiano para estudar a rela¢do
alométrica existente entre o peso ao nascer e o peso
placentario, incluindo possiveis fatores interferentes.

Métodos: foram analisados os dados de 26
gestagoes unicas, com idade gestacional entre 37 e 42
semanas. As placentas foram coletadas imediata-
mente apos o parto e conservadas sob refrigera¢do
até o momento da andlise, o que ocorreu em até 12
horas. Os dados maternos foram obtidos de pron-
tuarios médicos. Finalmente, foi elaborado um
modelo hierarquico bayesiano e, para obter amostras
da distribui¢do a posteriori, foram utilizados métodos
de simulagdo Markov Chain Monte Carlo.

Resultados: o modelo obtido apresentou um
ajuste razoavel, permitindo ainda a incorporagdo de
variaveis e informagdes a priori, sobre os parametros
utilizados.

Conclusées: a partir da disponibilizagdo do
codigo, novas variaveis podem ser adicionadas ao
modelo, permitindo muitas possibilidades para a
andlise dos dados, mostrando potencial para ser
utilizado em pesquisas na drea.

Palavras-chave Peso ao nascer, Placenta, Andlise
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Introduction

There is growing evidence that birth weight and
placental weight may provide valuable information
on the progress of gestation and/or indicate
increased risk of perinatal complications.!.2 It has
also been proposed that these features could be asso-
ciated with the occurrence of diseases in adulthood,
especially chronic non-communicable ones.3.4

It is important to note that placental weight and
birth weight are closely related. As the placenta
develops, it increases its ability to provide energy
and nutrients required for fetal development. The
efficiency of this process can also be influenced by
other factors, depending on the gestational context.5

Relationships between mass (M) and biological
variables can be studied using allometric princi-
ples.6.7 This approach was adopted by Max Kleiber
to explore the relationship between baseline meta-
bolic rate (BMR) and mass (BMR = BMRyM $).7 In
this equation, B is called the allometric exponent,
which must necessarily be different from 1.7 The
value of f is often reported to lie within the range of
3/4 t0 2/3.7.8

These findings led, in the second half of the
twentieth century (as cited in a previous study®) to
the suggestion that the fetoplacental weight ratio
could be modeled as (PP) =a(PRN)B (PP: Placental
weight; PRN: Birth weight). a would be a constant,
in this case perhaps representing factors that may
influence the metabolic efficiency of the placenta,
for example.

In a study conducted by Salafia et al.6 this rela-
tion is linearized using the natural logarithm
function, to obtain the new relation by log(PP) =
log(a) + P log(PRN). The statistical analysis is thus
performed using linear regression models in two
steps. In the first step, the B parameter is estimated
from the expression above using minimum squares.
In step 2, values for log(a); are estimated using the
expression log(a); = log(PP), - B log(PRN); and then
a new multiple regression model is estimated to
assess the association of covariates, such as charac-
teristics of the mother, the child and the placenta,
through log(a).6

The need for two steps in this analysis increases
the probability of errors in the estimation of the
model. The aim of the present study was therefore to
use a hierarchical Bayesian model to improve the
modeling of the relationship between PP and PRN.

Methods

Data from 26 pregnancies, with deliveries occurring
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at the Ana Bezerra University Hospital, located in
northeastern Brazil, were used to create the model.
The corpus studied was built up according to the
following inclusion criteria: singleton pregnancy;
livebirth; gestational age at birth between 37 and 42
weeks; maternal age between 18 and 40 years; no
major anomalies present; absence of maternal hyper-
tensive disorder; absence of maternal gestational or
insulin-dependent diabetes, and low obstetric risk.
The study was approved by the hospital’s Research
Ethics Committee and all patients signed a consent
form agreeing to participate.

The placentas were collected immediately after
delivery and stored at a temperature of 6°C until the
time of analysis, which occurred within up to 12
hours.

Placental weight was measured in grams (g)
using a digital precision scale. The baby's weight
(kg) was determined in the first 12 hours of life. The
thickness of the placenta (ESP) was measured using
a millimeter ruler and the placental area (PA) was
calculated according to the formula: PA =D x d x
n/4, where D = larger diameter of the placenta;
d=smaller diameter of the placenta. Maternal data
were collected from medical records.

The Bayesian hierarchical model? proposed is
given by:

First hierarchy level:
log(PP;)=log(a;) + Plog(PRN,)+€;,~ N(0,62), (1)
Second hierarchy level:

log(e)=Z] v +G; .G, ~ N(0,0a), @)
B~N(my.c), 3)

where~N(a;b) denotes the normal distribution with
mean a and variance b,y, 62 and 64 are unknown
parameters, and m; and ¢; are known values. Z = (1,
PA, ESP, GA, Sex, PA* ESP*GA) is a vector of
covariates and y is a coefficient vector associated
with Z.

The model is completed by specifying the distri-
butions a priori for y, 62 and oo given by:
Y~N(my, ¢y),
021G(ay, by)
6a~1G(ay, by).

Where ~IG (a,b) denotes the inverse Gamma
distribution with parameters a and b, and a; a,; by;
b,; my; ¢o are known. Prior ignorance was assumed
and the values taken to be my=0, c,=1000*I (I iden-
tity matrix), a;= a, = b;= b,=0.001. This model is
estimated using the Bayesian paradigm.



Markov chain Monte Carlo (MCMC) simulation
methods!0 were used to obtain samples from distri-
bution a posteriori. The MCMC algorithm was
implemented using the statistical software package
R version 2.13.1.

Results

The Hierarchical Model presented in (1), (2) and (3)
was adjusted, assuming that log(a) is associated with
the covariates PA, ESP, gestational age (GA), child's
gender and the interaction between PA, ESP and GA.

Uninformative prior distributions were assumed

Table 1

Bayesian hierarchical model, Allometric scaling and fetoplacental weight ratio

for the parameters: for B, y, 62 and Ga for estimation
of this model. However, for the parameter B, a priori
information distribution was provided, such that
m= 17/24 (average point between 2/3 e 3/4), and
¢1=0.01, so that approximately 99% of the density
distribution of B is in the range (0.5,1). These
settings were determined from the evidence avai-
lable in the literature.6.8

Table 1 shows the point estimates of the parame-
ters for B, y, 62 and oo and their respective confi-
dence intervals of 95%.

2
Bayesian estimates of the parameters for B, y, 02 and Ga.: mean and quartiles of the posterior dis tribution.

Parameter Estimation 2.5% 97.5%
B 0.7094 0.5156 0.9132
Intercept -0.3854 -6.1322 5.0579
PA 0.0023 -0.0108 0.0144
ESP 0.1741 -0.8962 1.2524
GA 0.0004 -0.0162 0.0193
Sex 0.284 -1.3305 1.8088
PA*ESP*GA -0.0007 -0.0063 0.0049
02 0.4626 0.2301 0.9034
0121 0.4524 0.2379 0.8943
Discussion value close to 3/4 and to that found by Salafia et al.,6

The present study aimed to use a hierarchical
Bayesian model to improve the modeling of the rela-
tionship between placental weight (PP) and birth-
weight (PRN), based on anallometric metabolic
scaling approach.

Hierarchical Bayesian models enable modeling
of natural phenomena in which there are unobserved
latent processes linked to observed processes by a
hierarchical structure, whereby the model parame-
ters are estimated in a single step using the Bayes
paradigm.9,10

This method has been shown to be more efficient
than a two-stage one, because, among other factors,
it reduces the loss of information and improves the
predictive power of the model. Another advantage is
that it allows for the incorporation of a priori infor-
mation that the researcher has about model parame-
ters.9

In the present study B was estimated to be 0.71, a

of 0.78. The coefficients associated with the co-vari-
ables PA, ESP, GA, sex and the interaction between
PA, ESP and GA were not significant, possibly due
to the small sample size, although the model
achieved a reasonable fit.

New variables and information from the avai-
lable code can thus be added to the model, allowing
many possibilities for data analysis. In the future,
greater knowledge of this dynamic may help to draw
up clinical criteria for better assessment of fetopla-
cental weight ratio.

In short, in view of the ease of implementation
and improvement of the quality of the estimated
information, the developed model is a promising tool
for use in research into the allometric scaling of the
fetal-placental weight relationship.
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