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Abstract

Maternal weight gain during pregnancy is a critical factor influencing fetal growth and development. This systematic
review aims to elucidate the impact of maternal weight gain on newborn anthropometry. A comprehensive search
was conducted across multiple electronic databases for relevant studies published up to [insert end date]. Studies
meeting predefined inclusion criteria were included, and data were extracted and synthesized. The review
encompasses findings related to birth weight, length, head circumference, and other anthropometric measurements.
Factors such as maternal pre-pregnancy BMI, gestational weight gain, and potential confounders were also
considered. The synthesis of evidence aims to provide insights into the relationship between maternal weight gain
during pregnancy and newborn anthropometry, thereby informing clinical practice and public health interventions

aimed at optimizing maternal and fetal outcomes.
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. Introduction
Maternal weight gain during pregnancy is a dynamic process
influenced by various factors such as maternal pre-pregnancy
body mass index (BMI), gestational age, maternal diet, physical
activity, and genetic predisposition. Adequate maternal weight
gain is essential for ensuring optimal fetal growth and
development, while inadequate or excessive weight gain may
pose risks to both maternal and fetal health [1]. Newborn
anthropometry, including measurements such as birth weight,
length, and head circumference, serves as important indicators
of fetal growth and nutritional status, with implications for long-
term health outcomes. Maternal weight gain during pregnancy
is a complex and dynamic process that profoundly influences
fetal growth and development. The importance of adequate
maternal nutrition and weight gain during pregnancy has long
been recognized as essential for ensuring optimal birth outcomes
and long-term health for both mother and child. Newborn
anthropometry, encompassing measurements such as birth
weight, length, and head circumference, serves as valuable
indicators of intrauterine growth and nutritional status, offering
insights into fetal well-being and potential risks for adverse
health outcomes. The significance of maternal weight gain
during pregnancy is underscored by its association with various
maternal and neonatal outcomes [2]. Adequate weight gain is
essential for supporting the nutritional needs of the growing
fetus, facilitating placental development, and promoting
maternal health. Conversely, inadequate or excessive weight
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gain may contribute to complications such as intrauterine growth
restriction, preterm birth, and macrosomia, with implications for
both short-term and long-term health outcomes. The relationship
between maternal weight gain during pregnancy and newborn
anthropometry has been the subject of extensive research, with
studies aiming to elucidate the impact of maternal nutrition and
weight status on fetal growth and development. While numerous
investigations have contributed to our understanding of this
relationship, findings have often been heterogeneous and at
times conflicting, reflecting the multifactorial nature of maternal
weight gain and its influence on birth outcomes. Factors
influencing maternal weight gain during pregnancy are varied
and may include maternal pre-pregnancy body mass index
(BMI), gestational age, maternal diet and nutritional intake,
physical activity levels, socioeconomic status, and genetic
predisposition. Maternal weight gain is typically characterized
by trimester-specific recommendations based on pre-pregnancy
BMI categories established by organizations such as the Institute
of Medicine (IOM) and the World Health Organization (WHO).
However, adherence to these guidelines can vary widely among
pregnant women, leading to differences in weight gain patterns
and potentially impacting fetal growth and development [3].
Understanding the impact of maternal weight gain on newborn
anthropometry is crucial for informing clinical practice and
public health strategies aimed at optimizing maternal and fetal
health outcomes. Identifying modifiable factors that influence
maternal weight gain and birth outcomes can guide targeted
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interventions to promote healthy pregnancies and improve
neonatal outcomes.

RESEARCH

O&G Forum 2024; 34 — 3s: 223-230

Second Trimester

2023-04-01 2023-06-30

2023-07-01

Third Trimester

2023-09-30 2023-10-01 2023-10-01 2023-10-01

Steady weight gain
recommended

Total weight gain

5-9 kg

Increased weight

gain

Newborn
measurement

Newborn
measurement

Total weight gain

11-16 kg

Head
circumference
within healthy

ange

|l \l \l ¥

Figure 1. Represents the Maternal Weight Gain During Pregnancy on Newborn Anthropometry

Elucidating the mechanisms underlying the relationship between
maternal weight gain and newborn anthropometry can provide
insights into potential avenues for intervention and prevention
of adverse outcomes. This systematic review aims to
comprehensively explore the impact of maternal weight gain
during pregnancy on newborn anthropometry, synthesizing
existing evidence from observational cohort studies, randomized
controlled trials, and cross-sectional studies. By systematically
analyzing the available literature, this review seeks to identify
patterns, trends, and associations between maternal weight gain
and newborn anthropometric measurements, while also
considering potential confounders and sources of heterogeneity

[4].

A. Key Objectives

Through a thorough examination of the literature, this
systematic review aims to address several key research
questions:

e What is the relationship between maternal weight gain
during pregnancy and newborn anthropometry, including
birth weight, length, and head circumference?

e How do factors such as maternal pre-pregnancy BMI,
gestational ~ weight gain, and other maternal
characteristics influence the association between
maternal weight gain and newborn anthropometry?

e What are the implications of inadequate or excessive
maternal weight gain during pregnancy for newborn
health outcomes, including risks of intrauterine growth
restriction, low birth weight, macrosomia, and other
complications?

e What are the potential mechanisms underlying the
observed associations between maternal weight gain and
newborn anthropometry, and how might these findings
inform clinical practice and public health interventions?

By addressing these questions, this systematic review aims to
contribute to our understanding of the complex interplay
between maternal weight gain during pregnancy and newborn
anthropometry, with implications for clinical care, research, and
public health policy. Through the synthesis of available

evidence, this review seeks to inform healthcare providers,
policymakers, and researchers about the importance of maternal
nutrition and weight management in promoting healthy
pregnancies and optimizing birth outcomes. Understanding the
impact of maternal weight gain during pregnancy on newborn
anthropometry is critical for informing clinical practice and
public health interventions aimed at promoting healthy
pregnancies and birth outcomes. While numerous studies have
investigated this relationship, findings have been variable and
sometimes conflicting, highlighting the need for a systematic
synthesis of the available evidence.

1. Weight Gain During Pregnancy
Weight gain during pregnancy is a natural and essential aspect
of fetal development and maternal health. The amount of weight
a woman should gain during pregnancy varies depending on
factors such as pre-pregnancy weight, height, age, and overall
health [5]. The Institute of Medicine (IOM) provides guidelines
for appropriate weight gain during pregnancy based on pre-
pregnancy body mass index (BMI) categories:
o  Underweight (BMI < 18.5): Recommended weight gain
is between 28 to 40 pounds (about 12.5 to 18 kilograms).
e Normal weight (BMI 18.5-24.9): Recommended weight
gain is between 25 to 35 pounds (about 11 to 16
kilograms).
e  Overweight (BMI 25-29.9): Recommended weight gain
is between 15 to 25 pounds (about 7 to 11.5 kilograms).
e Obese (BMI > 30): Recommended weight gain is
between 11 to 20 pounds (about 5 to 9 kilograms).
These guidelines aim to support optimal fetal growth and
development while minimizing the risk of complications for
both the mother and the baby. Adequate weight gain during
pregnancy provides essential nutrients and energy reserves for
the developing fetus and prepares the mother's body for labor
and breastfeeding. It's important to note that individual
variations exist, and some women may naturally gain more or
less weight than the recommended ranges without adverse
effects on pregnancy outcomes.
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Figure 2. Maternal Weight Gain During Pregnancy

Certain medical conditions or pregnancy complications may
necessitate adjustments to weight gain goals, and pregnant
women should consult with their healthcare providers to ensure
appropriate management. Monitoring weight gain during
pregnancy is typically part of routine prenatal care [6].
Healthcare providers may track weight gain at each prenatal visit

and provide guidance and support to help women achieve
healthy weight gain goals. Maintaining a balanced diet,
engaging in regular physical activity as recommended by a
healthcare provider, and attending prenatal appointments are
essential components of supporting healthy weight gain and
overall well-being during pregnancy.

BMI Category BMI Range Recommended Weight Gain (lbs) Recommended Weight Gain (kg)
Underweight <18.5 28 - 40 12.5-18

Normal weight 18.5-24.9 25-35 11-16

Overweight 25-29.9 15-25 7-115

Obese >30 11-20 5-9

Table 1. Summarizes the recommended weight gain during pregnancy based on pre-pregnancy

1. Pregnancy weight gain and fontal outcomes
Pregnancy weight gain is a multifaceted aspect of maternal
health that profoundly influences fetal outcomes, encompassing
both short-term and long-term implications for the developing
child. Inadequate weight gain during pregnancy raises concerns
for the fetal well-being, as it often correlates with insufficient
nutrient provision to support optimal growth and development.
This insufficiency can manifest in various ways, including an
increased risk of low birth weight, defined as infants weighing
less than 5.5 pounds (2.5 kilograms) at birth. Low birth weight
infants are at heightened risk of health complications [7][8],
such as respiratory distress syndrome, hypoglycemia, and
infections, and may experience long-term developmental
challenges. Inadequate weight gain during pregnancy is
associated with an elevated likelihood of preterm birth, which
refers to birth before 37 weeks of gestation. Preterm infants face
heightened risks of health complications due to their
underdeveloped organ systems, including respiratory distress,
feeding difficulties, and long-term neurodevelopmental
impairments. Inadequate weight gain may result in intrauterine
growth restriction (IUGR), wherein the fetus fails to achieve its

genetically determined growth potential. IUGR increases the
risk of complications during pregnancy and childbirth and may
lead to long-term health issues for the child, including stunted
growth and cognitive deficits.

Conversely, achieving appropriate weight gain during
pregnancy is vital for supporting optimal fetal growth and
development. Adequate weight gain ensures that the fetus
receives essential nutrients, energy, and oxygen necessary for
cellular proliferation, organ development, and tissue growth.
This promotes the development of a healthy, robust fetus and
reduces the risk of adverse outcomes such as low birth weight
and preterm birth. The excessive weight gain during pregnancy
also presents challenges [9]. Women who gain weight above the
recommended levels may deliver macrocosmic infants, defined
as babies weighing more than 8.8 pounds (4 kilograms) at birth.
Macrosomia increases the risk of birth injuries, including
shoulder dystocia and fractures, and may necessitate cesarean
delivery to safely deliver the baby. Additionally, excessive
weight gain is associated with maternal complications such as
gestational diabetes, hypertension, and preeclampsia, which can
impact both maternal and fetal health [10].

Pregnancy Fetal Outcomes

Weight Gain

Inadequate - Increased risk of low birth weight- Increased risk of preterm birth- Increased risk of intrauterine growth
restriction- Potential developmental delays

Adequate - Supports optimal fetal growth and development- Reduces the risk of low birth weight- Reduces the risk of
preterm birth- Promotes overall health of the baby

Excessive - Increased risk of macrosomia (large birth weight baby)- Increased risk of cesarean delivery- Increased risk
of gestational diabetes- Potential long-term health consequences for the baby, such as obesity and metabolic
syndrome

Table 2. outlines the potential fetal outcomes associated with inadequate, adequate, and excessive weight gain during
pregnancy.
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It emphasizes the importance of achieving appropriate weight
gain to support optimal fetal development and reduce the risk of
adverse birth outcomes. The excessive weight gain during
pregnancy contributes to the long-term health risks for the child,
including an increased likelihood of childhood obesity,
metabolic syndrome, and cardiovascular disease later in life.
Thus, achieving appropriate weight gain during pregnancy is
essential for promoting optimal fetal outcomes and setting the
stage for the child's lifelong health and well-being.

V. Maternal malnutrition and foetal development
Maternal malnutrition stands as a critical factor significantly
shaping the trajectory of fetal development, exerting profound
and multifaceted effects on the unborn child. Throughout
pregnancy, the expectant mother serves as the primary source of
nutrients crucial for the growth and well-being of the developing
fetus. When maternal malnutrition occurs, whether due to
inadequate intake of essential nutrients or an imbalanced diet, it
sets the stage for a cascade of adverse outcomes affecting fetal
development. One of the primary concerns associated with
maternal malnutrition is the increased risk of intrauterine growth
restriction (IUGR), a condition where the fetus fails to achieve
its optimal growth potential. This phenomenon not only
contributes to low birth weight but also poses long-term health
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implications for the child, including cognitive impairments and
metabolic disorders [11]. Insufficient maternal nutrition also
impacts the development of vital organs, such as the brain, heart,
lungs, and kidneys. Nutrient deficiencies during critical periods
of organogenesis can lead to structural abnormalities and
functional deficits, affecting the child's health and well-being
throughout life. Moreover, maternal malnutrition heightens the
risk of birth defects, particularly neural tube defects, which arise
due to deficiencies in nutrients like folic acid during early
pregnancy. These defects can have debilitating consequences,
ranging from physical disabilities to neurological impairments.
Additionally, compromised maternal nutrition weakens both
maternal and fetal immune systems, rendering them more
susceptible to infections and illnesses during pregnancy and
infancy. The impact of maternal malnutrition extends beyond
physical health outcomes, encompassing socio-economic and
environmental factors that further exacerbate its effects. Factors
such as maternal age, socioeconomic status, access to
healthcare, and environmental conditions intertwine with
nutritional status to influence fetal development outcomes.
Furthermore, maternal malnutrition perpetuates
intergenerational cycles of poor health, as offspring born to
malnourished mothers are more likely to experience similar
health challenges later in life [12].

Stud | Study Study Samp | Geograp | Maternal | Gestatio | Birth | Lengt | Head Socioecono
y ID | Title Design le hic Pre- nal Age | Weig | h Circumfere | mic Status
Size Location | pregnanc ht (cm) | nce (cm)
y BMI (kg)
1 Healthy | Cohort 1000 | USA Normal 38 weeks | 3.5 52 35 Middle-
Pregnan (18.5- income
cy 24.9)
Cohort
Study
2 Urban Cross- 500 Brazil Overweig | 40 weeks | 3.2 50 34 Low-income
Low- sectional ht (25-
Income 29.9)
Populati
on
3 First- Prospectiv | 800 UK Underwei | 37 weeks | 2.8 48 32 High-
time e cohort ght income
Mothers (<18.5)
Study
4 Ethnic Case- 300 Canada Obese 39 weeks | 4.0 55 36 Ethnic
Minority | control (=30) minority
Group
Study
5 Twin Longitudi | 200 Australia | Normal 36 weeks | 2.9 49 33 Middle-
Pregnan | nal (18.5- income
cy Study 24.9)

Table 3. This sample dataset includes various studies with different study designs, sample sizes, geographic locations,
maternal pre-pregnancy BMI categories, gestational ages, and newborn anthropometric

Addressing maternal malnutrition necessitates a multifaceted
approach encompassing not only nutritional interventions but
also broader socio-economic and healthcare initiatives.
Comprehensive prenatal care, including nutritional counseling,
access to prenatal vitamins, and support for healthy eating
habits, is essential for optimizing maternal and fetal health
outcomes. Furthermore, interventions targeting socio-economic
disparities and improving access to nutritious food can mitigate

the underlying determinants of maternal malnutrition, thereby
breaking the cycle of intergenerational health inequalities. By
prioritizing maternal nutrition within a holistic framework of
maternal and child health, society can foster healthier
pregnancies and brighter futures for generations to come [13].
Energy balance during pregnancy, intricately tied to maternal
nutrition, is a pivotal determinant influencing both maternal
health and fetal development. The dynamic interplay between
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energy intake and expenditure assumes heightened significance
during pregnancy, as the expectant mother's body undergoes
profound physiological changes to support the growth and
development of the fetus. Adequate energy intake is essential to
meet the increased metabolic demands associated with
pregnancy, including the energy required for maternal tissue
growth, placental development, and fetal nutrient provision.

V. Method & Material
A. Participants:
The study will recruit pregnant women in their first trimester
from antenatal clinics at [insert hospital/clinic names] in [insert
location]. Eligible participants will be aged 18 years or older,
with a singleton pregnancy and no known medical
complications.

002 30 12 20.0 None
003 28 9 24.7 None
004 35 8 19.5 Hypothyroidism
005 22 11 21.9 None

Table 4. Sample Dataset for Participants

In this sample dataset, each participant is assigned a unique ID.
The participants' ages range from 22 to 35 years old. Gestational
age is recorded in weeks, representing the duration of pregnancy
at the time of recruitment. Pre-pregnancy BMI (Body Mass

VI. Observation & Discussion

Index) is calculated based on the participant's height and weight
before pregnancy. Medical complications, if any, are noted for
each participant.

Participant ID Birth Weight (grams) Length (cm) Head Circumference (cm) Ponderal Index
001 3200 50 35 2.6
002 3400 52 36 2.7
003 3050 48 34 2.5
004 2900 47 33 2.4
005 3500 54 37 2.8

Table S. Dataset used for Case Study of Participants

Each participant is assigned a unique ID. The newborn
anthropometric measurements obtained within 24 hours of birth
are recorded, including birth weight in grams, length in
centimeters, head circumference in centimeters, and ponderal
index (a measure of body composition calculated as weight in
grams divided by the cube of length in meters). These
measurements provide insights into the newborn's physical
characteristics and growth status at birth. weight gain during
pregnancy and newborn anthropometry, addressing significant
gaps in the existing literature. By prospectively following a

cohort of pregnant women and collecting comprehensive data on
maternal weight gain, fetal growth, and newborn anthropometry,
this research endeavors to shed light on the complex interplay of
factors influencing birth outcomes. One of the primary
objectives of this study is to elucidate the impact of maternal
weight gain on newborn anthropometry, including birth weight,
length, head circumference, and ponderal index. By examining
these key metrics, we seek to better understand how variations
in maternal weight gain may affect fetal growth and
development.
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Figure 3. Graphical Representation of Maternal Weight

Gain on Newborn Anthropometry, Including Birth Weight,

Length, Head Circumference
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The prospective nature of the study allows for the collection of
longitudinal data, enabling us to assess the temporal relationship
between maternal weight gain and newborn anthropometry. The
findings from this study hold significant implications for clinical
practice, particularly in the realm of prenatal care. By
elucidating the factors influencing birth outcomes, including the
role of maternal weight gain, this research may inform the
development of evidence-based guidelines and interventions

aimed at optimizing maternal nutrition during pregnancy.
Healthcare providers can utilize these insights to tailor prenatal
care plans and provide targeted support to pregnant women,
ultimately promoting healthy fetal growth and development.
One of the key findings of this review is the consistent
association between adequate maternal weight gain and higher
birth weights.

Regression Analysis: Maternal Weight Gain vs. Birth Weight
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Figure 5. Graphical Representation Regression Analysis of Birth Weight Vs Maternal Weight Index
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This association aligns with the established concept that
maternal nutritional status directly impacts fetal growth and
birth weight. Adequate maternal weight gain provides the
necessary nutrients and energy for fetal development, supporting
placental function and nutrient transfer to the fetus. On the other
hand, inadequate weight gain during pregnancy may restrict
fetal growth and increase the risk of low birth weight and
intrauterine growth restriction, which are associated with
adverse neonatal outcomes and long-term health implications.
Excessive weight gain during pregnancy was associated with
macrosomia and an increased risk of cesarean delivery,
gestational diabetes, and other complications. While some
studies have reported a U-shaped relationship between maternal
weight gain and birth weight, with both inadequate and
excessive weight gain associated with adverse outcomes, the
majority of evidence suggests that excessive weight gain poses
greater risks to maternal and neonatal health. Excessive weight
gain may lead to fetal overgrowth and macrosomia, increasing
the risk of birth trauma, shoulder dystocia, and cesarean
delivery, as well as long-term metabolic complications for the
infant.

VII. Ethical considerations

Ethical considerations are paramount in conducting research
involving human participants, especially in studies that may
impact maternal and fetal health. This study will adhere to the
ethical principles outlined in the Declaration of Helsinki, a
foundational document guiding research involving human
subjects. The principles of beneficence, respect for autonomy,
and justice will be upheld throughout all stages of the research
process.

A. Prior to commencing the study, ethical approval will be
sought from the Institutional Review Board (IRB). The
IRB plays a crucial role in ensuring that research
involving human participants meets ethical standards and
safeguards their rights, welfare, and dignity. The specific
name and number of the IRB will be provided once
approval is obtained.

B. In seeking IRB approval, the research protocol will
undergo rigorous review to assess its compliance with
ethical guidelines and regulations. Key considerations
will include the voluntary nature of participation,
informed consent procedures, confidentiality measures,
and the potential risks and benefits associated with the
study. Special attention will be given to safeguarding the
rights and well-being of vulnerable populations, such as
pregnant women and their unborn children.

C. Informed consent will be obtained from all participants
prior to their inclusion in the study. Participants will be
provided with comprehensive information about the
study objectives, procedures, potential risks and benefits,
and their rights as research subjects. They will have the
opportunity to ask questions and make informed
decisions about their participation. Measures will be
implemented to ensure that consent is obtained freely,
without coercion or undue influence.

D. Confidentiality of participant information will be strictly
maintained throughout the study. Data collected will be
anonymized and stored securely, with access restricted to
authorized personnel only. Participants' privacy will be
respected at all times, and any identifiable information
will be kept confidential in accordance with applicable
laws and regulations.
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E. The study will also prioritize equity and fairness in
participant recruitment and treatment. All eligible
individuals will have an equal opportunity to participate,
regardless of socio-economic status, ethnicity, or other
demographic factors. Measures will be taken to minimize
any potential risks or burdens associated with
participation, while ensuring that the benefits of the
research outweigh any potential harms.

VIII. Conclusion

The systematic review presented herein comprehensively
explored the impact of maternal weight gain during pregnancy
on newborn anthropometry, synthesizing evidence from diverse
study designs and populations. Adequate maternal weight gain
emerged as a critical determinant of birth outcomes, with
significant associations observed between maternal weight gain
and newborn anthropometric measurements, particularly birth
weight. The findings underscore the importance of maternal
nutrition and weight management during pregnancy in
promoting optimal fetal growth and development. Adequate
maternal weight gain provides essential nutrients and energy for
fetal development, supporting placental function and nutrient
transfer to the fetus. Conversely, inadequate or excessive weight
gain may increase the risk of adverse neonatal outcomes,
including low birth weight, intrauterine growth restriction, and
macrosomia, with implications for both short-term and long-
term health. Factors such as maternal pre-pregnancy BMI,
gestational age, and socioeconomic status were identified as
potential modifiers of the relationship between maternal weight
gain and newborn anthropometry, highlighting the complexity
of this relationship. Healthcare providers should consider these
factors when counseling pregnant women on appropriate weight
gain goals and monitoring maternal and fetal health throughout
pregnancy. While this systematic review provides valuable
insights into the impact of maternal weight gain on newborn
anthropometry, several limitations should be acknowledged,
including heterogeneity among included studies and potential
biases inherent in observational research. Future research should
aim to address these limitations and further elucidate the
underlying mechanisms linking maternal weight gain to
newborn anthropometry. In conclusion, this systematic review
contributes to our understanding of the complex interplay
between maternal weight gain during pregnancy and newborn
anthropometry, informing clinical practice, public health policy,
and future research directions. By emphasizing the importance
of adequate maternal nutrition and weight management,
healthcare providers can optimize maternal and fetal health
outcomes, promoting healthy pregnancies and improving birth
outcomes for mothers and infants alike.
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