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ABSTRACT

Low birth weight has significant etiological heterogeneity. Risk factors that impact
gestational age and fetal growth patterns among LBW infants are not well understood. Using the
National Vital Statistics System birth data (2014-2023), we developed log-binomial regression
models to estimate the adjusted risk ratios for determinants of LBW for the subgroups preterm
birth and small for gestational age. LBW was associated with multiple factors, but they varied by
the underlying leading factors PTB and SGA. Significant associations for preterm infants with
LBW were biological conditions like eclampsia (RR = 1.2, 95%CI = 1.18-1.22) and plurality
(RR =1.5,95%CI = 1.47 -1.48). Among SGA infants with LBW, pre-pregnancy risk factors
such as previous PTB (RR = 1.6, 95%CI = 1.61-1.66) and pre-pregnancy BMI (RR = 1.2, 95%CI
= 1.14-1.18) were significant. Distinct determinants influence LBW among different birth

pathways, such as PTB and SGA varying in their risk factors.
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CHAPTER 1
INTRODUCTION

Purpose of the Study

This study has two objectives. The first objective was to examine the main determinants
of low birth weight in the U.S and by preterm birth (PTB) and small for gestational age (SGA).
This means that after examining general LBW determinants, I then analyzed which determinants
were associated with the various low birth weight types. The second objective was to examine
time trends of low birth weight determinants in the U.S.

How This Study is Original

This study is original because it examines the determinants of diverse LBW types. The
current research around this topic is underdeveloped with most studies only looking at
determinants of LBW compared to normal birth weight (NBW) infants or the general population.
By analyzing what are the determinants of different LBW types, we get a clearer picture of how
pathways to LBW vary by gestational age and fetal growth patterns. This introduces the key
concept that distinct determinants may influence LBW across different birth groups, such as
preterm, full term, or small, adequate, or large for gestational age, with varying determinants
impacting each pathway.

Expected Results

Since preterm birth is the most common type of LBW, we expect to see that there are
more determinants or pathways linked to LBW compared to infants SGA which makes up less

LBW cases.



Paper Structure and Organization

The following thesis is divided into three chapter. Chapter 1 explains the thesis’s
purpose, originality, hypothesis, and provides the layout of thesis’s parts. Chapter 2 is a review
of the literature about low birth weight. Chapter 3 is the manuscript titled “Determinants of Low
Birth Weight, United States, 2014-2023”. This includes the section’s: Introduction, methods,

results, discussion, and conclusion.



CHAPTER 2
LITERATURE REVIEW
What is Low Birth Weight?

The World Health Organization (WHO) defines low birth weight (LBW) as a birth weight of
less than 2,500 g regardless of gestational age (1). Categories of LBW include moderately low
birth weight (MLBW, 1500 — 2499g), very low birth weight (VLBW, < 1500 g) and extremely
low birth weight (ELBW, <1000 g) (1). Low birth weight can arise from two pathways: preterm
birth (PTB) and small for gestational age (SGA), or both (2). Preterm birth is defined as
gestational age less than 37 weeks (3). Preterm birth is further categorized into very preterm (28-
31 weeks), and late term (31-36 weeks) (3). Gestational age is determined by the length of the
pregnancy in weeks. It is measured from the date of the last menstrual period (LMP) to the date
of birth, or by obstetric estimation through clinical assessment(s). Infants with a birth weight less
than the 10" percentile for gestational age are considered small for gestational age (SGA) (4).
This review aims to examine the existing knowledge on low birth weight determinants in the
U.S.

Why is Low Birth Weight a Public Health Concern?

Low birth weight is an important indicator of maternal and neonatal health. Infants with
LBW face greater health complications throughout life compared to normal birth weight (NBW)
infants. LBW infants have a higher risk of mortality and morbidity compared to NBW infants.
LBW is the second leading cause of infant mortality in the U.S. (5) Because LBW infants are

more likely to experience developmental disabilities such as cerebral palsy and autism spectrum



disorders, compared to NBW infants, they must carry this burden into childhood and
unfortunately the rest of their lives (6). The effects of being born with LBW may also persist into
adulthood. Due to fetal programming, LBW infants have a higher risk of developing chronic
diseases such as type II diabetes and cardiovascular disease later into adulthood (7-8).

How Common is Low Birth Weight?

Examining low birth weight prevalence helps to determine the effectiveness of
interventions aimed at supporting mothers and their infants in the U.S and whether the measures
of such interventions are beneficial or neutral. Being aware of trends in low birth weight also
enables the public to recognize disparities among specific populations who are more likely to be
insufficiently supported during preconception and antenatal stages. The concern over LBW is
justifiable as rates in the U.S have shown a gradual increase when comparing years 2012 to 2022
(9,10). Over the span of these 11 years, LBW rates have increased by more than 7% in the U.S
(9,10).

Low birth weight rates differ across the various states and regions of the U.S with the
southeast region having among the highest rates of LBW compared to all other regions (11). The
reason for this uneven distribution is two key factors. The first is that there are higher rates of
chronic diseases and poorer health in the south compared to all other U.S regions (12). The
second reason for this is that more African Americans live in the south (13). African American
women are almost two times more likely to give birth to a low birth weight infant compared to
white women (14). They also have the highest rates for LBW compared to all other race groups
(14). This disproportioned distribution of LBW emphasizes the racial and socioeconomic
disparities within the south.

Premature Birth and Small for Gestational Age



LBW can result from preterm birth (PTB), small for gestational age (SGA), or both.
Preterm birth is formally defined as any birth before 37 gestational weeks from the 1% day of the
last menstrual period (15). Preterm infants spend less time growing and developing in utero,
often resulting in lower weight at birth (15). In 2022, preterm births accounted for 10.4% of all
births (14). Small for gestational age (SGA) is defined as an infant whose weight is less than the
10™ percentile for their gestational age at birth (16). LBW is the product of many underlying
factors, but the literature identifies 3 main types. A LBW infant can be preterm, SGA, or both
SGA and preterm (6).

Determinants of Low Birth Weight

Low birth weight determinants can be categorized into 3 groups: Maternal factors,
placental factors, and fetal factors (6). This sub-section will review what current research
observe for the LBW determinants.

Maternal Factors

Some maternal determinants of low birth weight include smoking and alcohol
consumption, body mass index (BMI), access to quality prenatal care, medical assisted
reproduction (MAR), and chronic/acute disease and or conditions.

Toxins found in cigarettes and alcohol are harmful to a developing fetus (17,18). Alcohol
consumption and cigarette smoking interfere with normal fetal development and are linked to
LBW (17,18). Women who smoke during pregnancy are estimated to have almost twice the risk
of delivering a LBW infant compared to non-smokers (19). This risk is similar among pregnant
women who consume alcohol during pregnancy versus those who don’t (20).

Maternal weight and BMI are other important LBW determinants. There are three

weight-related measures that are important to maternal and fetal health. They include maternal



weight gain, body mass index (BMI), and current weight at delivery. Weight and weight gain can
be affected by many factors such as smoking status, metabolic conditions, genetics, lack of
access and financial stability to have enough food, and time to prepare meals (21,22). In 2009,
the Institute of Medicine (IOM) updated their guidelines for weight gain for pregnancies that
would reflect the 21%'-century landscape of the U.S. This meant accounting for higher rates of
women having children at later ages, women dealing with more chronic conditions, and births
with multiple gestations (23). Pregnant women who do not meet the IOM recommendations had
a higher risk of SGA (OR 1.53 [95% CI 1.44-1.64]) and preterm birth (OR 1.70 [95% CI 1.32-
2.20]) infants (23).

In the U.S, disparities in access to quality prenatal care persists, contributing to the
ongoing challenges in reducing rates of LBW. Over 35% of counties in the U.S have no access to
birthing hospitals, birth centers offering obstetric care, or obstetric providers (24). In 2022, this
affected over 2.3 million women of reproductive age (24). Compared to mothers who do not
receive prenatal care, mothers who receive prenatal care have a 38% lower risk of delivering a
baby with LBW (RR 0.62, 95% CI 0.47-0.81) (25).

Medically assisted reproductions (MAR) include infertility treatments, fertility
enhancing drugs, and artificial reproductive technologies (ART). Infertility treatments
encompasses all medical interventions or procedures that help couples having difficulty
reproducing. Fertility-enhancing drugs are medications given to stimulate or regulate ovulation
to increase the chances of conception (27). These are typically first line treatments (27). ART are
medical procedures that involve handling eggs, sperm, or embryos outside the body to achieve
pregnancy (27). ART singletons have a 2 to 3 fold increased risk of adverse perinatal outcomes

(28).



Placental and Fetal Factors

Some placental factors include issues related to the placement and function. An example
of abnormal placenta placement is placenta previa. Placenta previa is characterized by a low
lying placenta that can partial or totally cover the cervix (29). This can restrict blood flow and
compromise fetal growth (29). An example of abnormal placental function is placenta
insufficiency which impairs the placenta’s ability to support the fetus’s needs (30). A prime
example of a fetal factor is plurality. Having to share uterine space and resources can create a

high risk environment for the fetuses (31).
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CHAPTER 3
MANUSCRIPT
DETERMINANTS OF LOW BIRTH WEIGHT, UNITED STATES, 2014-2023
INTRODUCTION

Low birth weight (LBW) is the second leading cause of infant mortality and a major
contributor to infant morbidity in the United States (1, 2). LBW is defined as a birth weight of
less than 2,500 grams regardless of gestational age (3). It is categorized into moderately low
birth weight (MLBW, 1500 — 2499g), very low birth weight (VLBW, < 1500 g) and extremely
low birth weight (ELBW, <1000 g) (3).

The determinants of low birth weight are well-studied; however, the literature remains
limited in examining how these determinants vary across different types of LBW. There are three
main types of LBW. This includes LBW infants that are preterm, small for gestational age
(SGA), or both. This research examines five distinct types of low birth weight infants: those born
preterm, those who are both preterm and small for gestational age (SGA), those who are
exclusively SGA, those who are neither preterm nor SGA, and those classified as appropriate for
gestational age (AGA) or large for gestational age (LGA). By understanding which different
determinants are linked to specific LBW types, we may identify certain pathways and trends in
infants with LBW. The aims of this study were (1) To examine the main determinants of low
birth weight in the U.S and by various categories of gestational age and fetal growth patterns,

and (2) To examine the time trends of important LBW determinants from 2014-2023.
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METHODS
Data Source

The National Vital Statistics System (NVSS) birth data documents 100% of birth
certificates registered in all U.S states and D.C. These documented births account for more than
99.9% of all births in the U.S. The NVSS birth data captures maternal and neonatal health
characteristics during the prenatal, delivery, and postnatal stages.
Analytic Population

The source population were the total births from 2014-2023, N = 37,937,754. N = 53,483
were excluded from the study as observations had missingness for variables birth weight (main
outcome), and gestational age (main exposure). This left N = 37,884,271 observations left that
were used to analyze any type of descriptive data such as rates or frequencies. We then randomly
sampled 15% of births each year leaving 5,683,640 births that was used to model the
relationships. Due to resource constraints, the computational system used for analysis lacked the
capacity to process and model the dataset when observations were over 37 million, hence, a
random sample was utilized for modeling. A chi-square test was conducted to test whether there
were significant differences between the distribution of the sample and the distribution of the
complete dataset. All p-values were statistically insignificant reflecting that there were no

significant differences in the distributions. Refer to Figure 1.
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Figure 1: Births, United States, 2014-2023

Births, United States, 2014-2023
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N =3,141,028

Statistical Analysis

We began by conducting descriptive which included calculating simple frequencies and
rates. Then we analyzed what were the potential risk factors and mediators of low birth weight.
This was done by calculating unadjusted risk ratios for all variable and by constructing a directed
acyclic graph (DAG). After examining the unadjusted risk ratios, we then did the same analysis
but stratified by preterm birth (PTB) and small for gestational age (SGA) as they appeared to be
effect modifiers in the early stages of the analysis. Time trends describing relevant LBW risk
factors were analyzed using simple rates over the 2014-2023 time span.

Direct Acyclic Graph

The DAG included potential determinants and the main outcome (low birth weight). The
DAG was the first step at analyzing potential relationship as it offers a visual approach to
understand the relationship between variables. The variables STIs, gestational hypertension, and
eclampsia were all grouped together into the category diseases/conditions, but only for the
purpose of not overburdening the DAG. These variables were not merged in the analysis. Refer

to Figure 2.
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Figure 2: Direct Acyclic Graph
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Variable Selection

Unadjusted risk ratios were calculated for all potential determinants of LBW (reference:
normal birth weight, NBW). Refer to Figure 3. We considered an unadjusted risk ratio of 1.2 or
greater to be a strong risk factors, and anything less than 1.1, but greater than 1.0 to be weaker
risk factors. We also hypothesized that SGA and preterm birth were effect modifiers since their
risk ratios were very large. We tested this by stratifying by preterm birth and SGA. If the
unadjusted risk ratios in the stratum were significantly different from the overall adjusted risk
ratio, we considered them to be effect modifiers. Refer to Table 1 of an example of stratifying by
preterm birth. The DAG and the calculated unadjusted risk ratios for both the overall and the
stratum specific, were used to direct which variables to select and how they would be used in the

modeling analysis.
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Figure 3: Forest Plot of Unadjusted Risk Ratios
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Table 1: Example of Stratum Specific Risk Ratios

20 25

Source: National Vital Statistics System

Overall RR = 3.8 95%CL(3.81, 3.86)

Low Birth Weight

Normal Birth
Weight

Eclampsia: 32,453 62,568
Yes
Eclampsia: 31,624,570

No

3,086,598

Preterm = Yes; RR =2.7 95%CL (2.67, 2.82)

Low Birth Weight

Normal Birth
Weight

Eclampsia: 4,763 51,079
Yes
Eclampsia: 30,044,471

No

963,776

Preterm

=No ; RR=1.295%

CL (1.22, 1.24)

Low Birth Weight

Normal Birth
Weight

Eclampsia:
Yes

4,763

51,079

Eclampsia:
No

963,776

30,044,471
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Variables

Final variables selected were categorized into maternal and fetal factors, and pregnancy
outcomes. Refer to Figure 4. Some variables were recategorized for the model to reduce
convergence. Maternal race and ethnicity were recategorized into non-Hispanic White, non-
Hispanic Black, and other races. Other race included multiple races, non-Hispanic AIAN, non-
Hispanic Asian, non-Hispanic NHOPI, and Hispanic. Maternal height was made into percentiles
with short stature being considered anything below the 10" percentile, anything above the 99
percentile being tall stature, and anything between being average. Pre-pregnancy BMI was
recategorized as a BMI > 24.9 kg/m? being overweight or greater and underweight being BMI <
18.5 kg/m?. Educational attainment was recategorized into the level’s attainment of a high school
degree or anything less and the second level which was attainment of some college, a college
degree, or anything higher. Health insurance was recategorized into government insurance which
included Medicaid and other types of government insurances like Indian Health Service and
CHAMPUS/TRICARE, private health insurance, and self-pay. All STIs types were grouped
together as a binary (yes or no). Infertility treatment which was an umbrella term to include
treatments like fertility enhancing drugs and assisted reproductive technology. Gestational
hypertension included pregnancy induced hypertension (PIH) and pre-eclampsia. Prenatal care
and cigarette smoking were binary variables (either yes or no). Weight gain was a binary variable

with mother either gaining 11 pounds or more during her pregnancy or less than 11 pounds.
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Figure 4: Variables
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Outcome Variables

The main outcome variable was low birth weight (< 2,500 g), and low birth weight types
This means that LBW was analyzed among those who were preterm, non-preterm, SGA,
AGA/LGA, and those neither preterm nor SGA. Refer to Figure 5.

Figure 5: Etiologic Diversity of Low Birth Weight
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Models

For the last part of the analysis, log binomial regression (link = log) was employed to
obtain the adjusted risk ratios. Before the models were build, multivariate imputation by chained
equations (MICE) in R were used. No variable in the subsample had more than 8% missingness.
Each variable type had a different method of imputation. Refer to Figure 6. Five datasets were
imputed (m = 5) with a maximum of five iterations (maxit = 5). The imputed datasets were
combined using Rubin’s rule to produce the final pooled dataset used for modeling.

Figure 6. Multivariate Imputation by Chained Equations

Polytomous !OgIStICS Proportional odds
regression model

e Maternal race ¢ Prenatal care onset e Body mass index
¢ Health insurance ¢ Maternal weight gain ¢ Maternal education

e Gestational
hypertension

e Hypertension
eclampsia

* Previous preterm
e |nfertility treatment

e Sexually transmitted
infections

e Plurality
e Marital status
e Cigarette use

The following models were built to find the adjusted risk ratio for each subgroup taking
in consideration not to overfit and to work around convergence. The Wald test was used to
compare nested models and to aid in building models with better fit. An adjusted risk ratio with
its respective 95%CL were considered clinically significant if > 1.2. Statistical insignificance
was based on if the 95% confidence intervals included 1.0. This includes adjusted risk ratios of

1.1 that had a confidence interval with values below 1.1. All determinants were based on
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clinically significant findings. Note that variables not included in the following models were

analyzed in separate models to understand their adjusted risk ratios.

Model 1: Comparing Low Birth Weight vs Normal Birth Weight

Y =1 low birth weight, and 0 for normal birth weight
P(Y = 1|X) = e*(By + Bi(MaternalAge) + B,(InfantSex) + B;(PrenatalCare) +
B4(MaternalRace) + f;(HealthInsurance) + f4(MaternalEducation) +
B, (MaritalStatus) + Bg(WIC) + Bo(STIs))

Model 2: Comparing Low Birth Weight Among PTB vs Normal Birth Weight Among PTB

Y =1 low birth weight among preterm birth, and 0 for normal birth weight among preterm birth

P(Y = 1|X) = e*(By + Bi(MaternalAge) + B,(InfantSex) + B;(PrenatalCare) +
B,(MaternalRace) + Bs(MaternalEducation) + 4(MaritalStatus) + 3, (WIC))

Model 3: Comparing Low Birth Weight Among Not PTB vs Normal Birth Weight Among
Not PTB

Y =1 low birth weight among non-preterm birth, and 0 for normal birth weight among non-
preterm birth

P(Y = 1|X) = e*(By + B1(Gestational Hypertension) + 8, (InfertilityTreatment) +
B;(MaternalAge) + B,(InfantSex) + [Bs(PrenatalCare) + 3,(MaternalRace) +

B,(MaternalEducation) + Bg(WIC) + Bo(BMI) + B,,(HealthInsurance) +
B11(MaritalStatus) + B;2(STIs) + B;3(Smoking) + B,,(WeightGain))

Model 4: Comparing Low Birth Weight Among SGA vs Normal Birth Weight Among SGA
Y =1 low birth weight among SGA and 0 for normal birth weight among SGA

P(Y = 1|X) = e*(By + Bi1(MaternalAge) + B,(InfantSex) + ;(PrenatalCare) +
B,(HealthInsurance) + B5(STIs) + B¢ (MaternalEducation) +

B,(WIC) + Bg(BMI) + By(Unmarried))

Model 5: Comparing Low Birth Weight Among AGA/LGA vs Normal Birth Weight

Among AGA/LGA
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Y =1 low birth weight among AGA/LGA and 0 for normal birth weight among AGA/LGA

P(Y = 1|X) = e*(By + Bi(InfertilityTreatment) + ,(MaternalAge) + B;(InfantSex) +
B,(PrenatalCare) + Bs(MaternalRace) + B4(WIC) +

B,(MaternalEducation) + Bg(MaritalStatus) + Bo(STIs) + B1,(Smoking) +
B:1(HealthInsurance))

Model 6: Comparing Low Birth Weight Among Not PTB No SGA vs Normal Birth Weight
Among Not PTB No SGA

Y =1 low birth weight among non-preterm birth and not SGA and 0 for normal birth weight
among non-preterm birth and not SGA

P(Y = 1|X) = e*(By + B1(WeightGain) + 3,(MaternalAge) + B;(InfantSex) +
B,(PrenatalCare) + Bs(MaternalRace) + B4(WIC) +

B,(MaternalEducation) + Bg(MaritalStatus) + Bo(STIs) + B1,(Smoking) +

B:1(HealthInsurance) + + B;,(GestationalHypertension) + f,;(Plurality) +
B14(PreviousPreterm) + ;s (InfertilityTreatment) + ,,(MaternalHeight) + ;7 (BMI))
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RESULTS

8.3% (N = 3,141,028) of births were low birth weight. The average birth weight among
LBW infants was 2,310 g. The average birth weight of an infant who was born preterm and low
birth weight was 1,838 g, and 2,081 g if the infant was SGA and LBW. Infants with LBW had an
average gestational age of 34.2, with 1.84 standard deviations lower than the mean gestational
age in the overall population (Cohen’s d= 1.84). Preterm birth rates in the U.S have slightly
increased in 2023 compared to 2014 (10% vs 9.5%) but have slightly decreased among infants
born with LBW (58% to 56%). This relationship is reversed for SGA births. SGA births have
slightly decreased in the overall population (10% to 9.6%) but have increased among LBW
infants (38% vs 42%). 57% of LBW infants were classified as preterm, 39% were classified as
SGA, 12% were classified as both SGA and PTB, and 4% were classified as neither SGA nor
preterm. Refer to Figure 5.

The overall findings are summarized in Table 2 and Table 3. All columns labeled as
“subset” in both tables are the LBW types tested for. In general term, all LBW determinants were
statistically significant except for maternal age < 20 years (adjusted RR = .99, 95%CI = .98-1.00)
and government health insurance (adjusted RR = 1.0, 95%CI = 1.03-1.05). Infertility treatment
and female infant sex were considered non-clinically meaningful variables for LBW infants
compared to NBW infants.

The overall trend was that there were more defined trends among LBW infants born
preterm and among infants born SGA. The links to LBW among preterm infants are biologically

related through variables such as eclampsia, maternal race, and plurality, whereas the links to
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LBW infants that are SGA are factors related to pre-pregnancy conditions that were not
important in LBW infants born before 37 gestational weeks.

Table 2. Summary Adjusted Risk Ratio (95%CL) for Variables by LBW and LBW Types

Not Preterm SGA Not Preterm Not SGA
Variables LBW : NBW Preterm subset subset subset AGA/LGA subset subset
Maternal Age 40 + years 1.5 (1.45, 1.49) 1.0 (1.02, 1.04) 12(1.19, 1.25) 13 (132, 1.36) 134 (1.32,1.36) 13 (1.19, 1.36)
Maternal Age <20 years 0.99 (0.98, 1.00)) 1.1 (1.05, 1.07) 1.07 (1.05, 1.09) 0.91 (0.90, 0.93) 0.97 (0.97, 1.02) 1.1 (1.07, 1.21)
Race Black: White 1.7 (1.66, 1.69) 12 (1.23,1.24) 2.1(2.03,2.09) 1.1 (L11,1.13) 1.7 (172, 1.76) 1.9 (1.86, 2.02)
WIC 0.93 (0.92,0.93) 97(0.96,0.97) 1.0 (1.00, 1.01) 0.97 0.96, 0.97) 0.93 (0.90, 0.96) 0.93 (0.90, 0.97)
No Prenatal Care 1.8(1.73, 1.82) 1.0 (1.02, 1.04) 1.2 (1.16, 1.24) 1.1 (111, 1.16) 2.0 (1.95,2.01) 1.2 (1.08, 1.30)
BMI <18.5 kg/m2 1.5 (148, 1.52) 1.1 (1.05, 1.07) 1.7 (1.69, 1.76) 12 (114, 1.18) 1.4 (1.40, 1.45) 1.8 (1.66, 1.89)
Pre-Pregnancy BMI > 24.9 kg/m2 0.9 (0.90,0.91) 1.1 (1.06, 1.07) 0.70 (0.69, 0.70) 1.1 (1.10, 1.12) 1.0 (0.94, 0.96) 0.69 (0.66, 0.71)
Weight Gain <11 Ibs. 1.6 (1.61, 1.63) 12 (1.16, 1.17) 1.6 (1.56, 1.61) 1.1 (113, 1.16) 1.9 (1.83, 1.87) 1.7 (1.60, 1.76)
Gestational Hypertension 2.3(2.32,2.34) 1.1 (111, 1.12) 2.2 (2.14,221) 22(2.14,2221) 2.0 (1.97,2.00) 2.8 (2.69,2.90)
Eclampsia 3.6 (3.56,3.72) 12 (118, 1.22) 2.6 (2.38,2.75) 23(2.21,2.33) 4.0 (3.90,4.14) 2.6 (2.18,3.14)
Previous Preterm 2.4(2.33,238) 1.0 (1.00, 1.01) 1.5 (1.51, 1.58) 1.6 (1.61, 1.66) 2.9 (2.88,2.94) 1.8 (171, 1.94)
Infertility Treatment 1.1 (113, 1.13) 1.0 (1.00, 1.01) 1.1 (1.06, 1.12) 1.6 (1.55, 1.60) 1.1 (1.06, 1.09) 1.1(1.00, 1.18)
STIs 12(1.16, 1.19) 1.05 (1.06, 1.07) 1.1 (1.07, 1.12) 1.0 (1.02, 1.06) 1.1 (112, 1.17) 12 (1.13, 1.30)
Infant Sex 1.1 (113, 1.14) 1.1 (112, 1.25) 1.5 (1.48, 1.51) 0.93 (0.92, 0.94) 1.0 (1.02, 1.03) 1.4 (1.41, 1.49)
Maternal Education 12(1.16, 1.18) 1.0 (0.99, 1.00) 1.1 (1.00, 1.14) 1.1 (1.02, 1.06) 12 (1.22, 1.25) 1.1 (1.08, 1.17)
Plurality 7.9 (7.86,7.94) 1.5 (1.47, 1.48) 8.5 (8.41, 8.65) 2.9 (2.90,2.94) 10.7 (10.63, 10.77) 15.6 (15.04, 16.27)
Marital Status 12(1.17, 1.19) 1.0 (1.05, 1.07) 1.2(1.15, 1.18) 1.0 (1.03, 1.05) 1.2 (1.18, 1.21) 12 (112, 1.21)
Cigarette Smoking 17(1.72, 1.75) 1.1(1.12, 1.13) 2.1(2.09,2.16) 12 (115, 1.18) 1.4 (1.43, 1.46) 1.9 (1.7, 1.95)
st “”:i'r':e(::if; 12(1.24, 1.26) 1.1 (1.07, 1.08) 1.6 (1.60, 1.65) 1.0 (1.04, 1.06) 1.6 (1.53, 1.66) 1.6 (153, 1.66)
Maternal Height: (>99th 0.89 (0.85, 0.92) 0.91 (0.89, 0.94) 0.62 (0.57, 0.68) 1.02 (0.96, 1.08) 0.55 (0.44, 0.68) 0.54 (0.44, 0.68)
percentile)
Government: Private Insurance 1.0 (1.03, 1.05) 1.00 (0.99, 1.00) 1.0 (1.06, 1.07) 1.0 (1.00, 1.02) 1.0 (1.02, 1.04) 1.0 (1.01,1.09)
Self Pay : Private Insurance 0.76 (0.710, 0.818) 0.95 (0.94,0.97) 0.85 (0.80, 0.91 0.82 (0.79, 0.96) 0.84 (0.80, 0.88) 0.75 (0.68, 0.82)

Table 3. Summary Clinically Significant Risk Factors of LBW and LBW Types

Preterm Not Preterm SGA AGA/LGA Not Preterm Not
Variables LBW : NBW subset subset subset subset SGA subset

Maternal Age 40 + years X X X X X
Race Black: White X X X X X

No Prenatal Care X X X
BMI <18.5 kg/m2 X X X X X
R x x x x
Hyportension X X X X X
Eclampsia X X X X X X
Previous Preterm X X X X X
STIs X X
Infant Sex X X

Maternal Education X X
Plurality X X X X X X
Marital Status X X X X
Cigarette Smoking X X X X X
Maternal Height (<10th X % X %

percentile)

“X” denotes a risk factor with an adjusted risk ratios > 1.2
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Low Birth Weight Determinants Among Preterm Infants

Pathways to LBW among preterm infants are more specific and are biologically related.
This groups of infants had only 3 clinically significant risk factors: Eclampsia (adjusted RR =
1.2, 95%CI = 1.18-1.22), plurality (adjusted RR =1.5, 95%CI = 1.47- 1.48), and non-Hispanic
African American maternal race (adjusted RR =1.2, 95%CI = 1.23- 1.24). Variables such as
maternal weight gain, gestational hypertension, infant sex, and cigarette smoking were
significant but with low risks.

All factors relating to socioeconomic status and pre-pregnancy conditions such as
previous preterm and pre-pregnancy BMI were not associated with LBW infants born before 37
gestational weeks. Non-modifiable factors such as maternal height and maternal age were
insignificant, yet maternal race which was also non-modifiable was significant. Pregnant non-
Hispanic African American women were 1.2 times as likely to deliver a LBW infant that was
born before 37 weeks compared to pregnant non-Hispanic White women, controlling for all other
factors.

Female infants have higher rates of LBW compared to male infants (Female:9% vs
Male:7.6%). They also have higher rates of LBW among preterm births (Female: 61% vs Male:
54%). However, males have higher rates of preterm birth compared to females (Female:9.6% vs
Male:10.4%). Males also have higher rates of preterm birth among low birth weight infant
(Female: 64.8% vs Male: 73.6%). When comparing between LBW types, the non-preterm group
and the non-preterm and non-SGA group had higher rates for LBW among female infants

compared to the preterm group. Lastly, we found that preterm birth was the most common type
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of LBW (57%), yet out of all the LBW types it had the fewest determinants, and the most
specific trends.

Low Birth Weight Determinants Among Non-Preterm Infants

Low birth weight infants that were born 37 weeks or later had many determinants and
broader pathways. LBW was associated with eclampsia (adjusted RR = 2.6, 95%CI 2.38 - 2.75))
and gestational hypertension (adjusted RR = 2.2, 95%CI 2.14- 2.21) in the non-preterm group. It
was also associated with pre-pregnancy conditions like having a pre-pregnancy BMI that was
underweight (adjusted RR = 1.7, 95%CI 1.69-1.76) and with previous preterm (adjusted RR =
1.5, 95%CI 1.51-1.58. LBW was also linked to non-preterm birth through maternal weight and
height. For example, pregnant women that gained less than 11 lbs. during their pregnancy were
1.6 times as likely to give birth to a LBW infant at 37 weeks or after compared to women that
gain 11 pounds or more, controlling for all other factors (adjusted RR = 1.6, 95%CI 1.56-1.61).

We calculated the adjusted risk ratios for the interaction effect between preterm birth,
LBW, and the variables. This allowed a between group comparison of preterm and non-preterm
birth. However, looking at the determinants of each LBW type separately was a within group
comparison. Refer to Table 4. Most adjusted risk ratios were less than 1 indicating that the risk
of LBW was associated with covariates greater among non-preterm births. The association of
such LBW determinants were stronger or had a greater effect in the non-preterm birth infants
than in the preterm infants. The within and between group analyses justifies that there are more
determinants and broader pathways to LBW among non-preterm infants compared to preterm

infants.
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Table 4. Adjusted Risk Ratios for Interaction Effects of Preterm Birth on Low Birth Weight and

Variables

Preterm Adjust Risk Ratios
Variables 95%CI

Preterm : Maternal Age 40 + years
Preterm : Maternal Age <19 years
Preterm : Maternal Race Black
Preterm: No Prenatal Care
Preterm: WIC

Preterm : BMI > 24.9

Preterm: Weight Gain < 11 Ibs.
Preterm: Gestational Hypertension
Preterm: Eclampsia

Preterm: Previous Preterm Birth
Preterm: Infertility Treatment
Preterm : STIs

Preterm : Health Insurance GOV
Preterm : Infant Sex

Preterm : Maternal Education
Preterm : Plurality

Preterm : Marital Status

Preterm : Cigarette Smoking

0.80 (0.78, 0.82)
0.94 (0.92, 0.96)
0.68 (0.67, 0.68)
0.82 (0.80, 0.85)
0.95 (0.93, 0.96)
1.2 (1.15, 1.18)
0.81 (0.80, 0.82)
0.56 (0.55, 0.56)
0.48 (0.45, 0.52)
0.63 (0.62, 0.65)
1.03 (1.00, 1.07)
0.81(0.79, 0.83)
0.87 (0.85, 0.88)
0.75 (0.74, 0.76)
0.81(0.80, 0.82)
0.17 (0.17, 0.18)
0.84 (0.82, 0.84)
0.56 (0.55, 0.57)

Low Birth Weight Determinants Among Infants with AGA/LGA Growth

Similarly to the non-preterm LBW group, AGA/LGA infants born with low birth weight
had many associated determinants. The trends were also less defined, and the pathways were
broader. This group however seems to have the highest associated risk for LBW in the absence
of prenatal care (adjusted RR = 2.0, 95%CL 1.95-2.01). Receiving no prenatal care was the
highest among non-Hispanic NHOPI (5.4%) and non-Hispanic AIAN (3.5%) pregnant women.

Rates were also relatively high among non-Hispanic Black pregnant women (3.1%). The lowest
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rates of not receiving any prenatal care were among Non-Hispanic Asians (0.88%). More
pregnant women did not receive any prenatal care in 2023 compared to 2014 (2.2% vs 1.4%).

Low Birth Weight Determinants Among Small for Gestational Age Infants

Unlike LBW infants that were born before 37 gestational weeks, LBW infants that were
classified as SGA were affected by pre-pregnancy factors such as previous preterm (adjusted RR
= 1.6, 95%CI 1.61-1.66) and pre-pregnancy BMI < 18.5 kg/m? (adjusted RR = 1.2, 95%CI 1.14-
1.20). Mothers who previously gave birth to a preterm infant were 1.6 times as likely to give
birth to a LBW infant that was SGA in their later pregnancy compared to women who did not
have a previous preterm birth (controlling for all other factors).

Based on the results, non-Hispanic Black women have a higher rate of delivering a LBW
infant compared to white women overall and in all LBW group. However, their risk for LBW
among SGA growth (adjusted RR= 1.1, 95%CL (1.11, 1.13), controlling for all factors) was
lower compared to all other LBW types. Refer to Table 5 to see differences in SGA rates by
maternal race and birth weight.

Table 5. Rates of SGA by Maternal Race and Birth Weight

Non-Hispanic White Mothers Non-Hispanic Black
Mothers
Rate of SGA among NBW 6.4% 11.9%
Infants
Rate of SGA among LBW 37.1% 41.2%
Infants

Low Birth Weight Determinants Among Infants Neither SGA nor Preterm

Low birth weight infants that are neither SGA nor preterm are the rarest type of LBW
infants. These infants made up 4% of LBW births. All infants within this group were born early

term at 37 weeks with a mean birth weight of 2,464 g. The minimum birth weight was 2,430 g
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and the maximum was 2,499 g. Although this is a rare type of LBW, it has many determinants
linked to it. Like non-preterm LBW infants, and AGA/LGA LBW infants, the pathways to LBW
among infants that are neither SGA nor preterm are less defined and broad. This group however
does have the highest risk for gestational hypertension (adjusted RR= 2.8, 95%CL (2.69, 2.90)
compared to all other LBW types. Rates of gestational hypertension in the U.S have increased by
2 fold from 2014 to 2023 (4.95% to 10.1%). The highest rates of gestational hypertension were
among pregnant non-Hispanic Black women (9%) and pregnant non-Hispanic-AIAN women
(9.2%).

Specific Trends

In 2023, more pregnant women used an infertility treatment compared to rate in 2014
(1.5% vs 2.5%). After adjusting for by plurality, infertility treatment showed no significant
association with any type of LBW, except for the general LBW group and the SGA subset.
However, due to convergence issue, infertility treatment could not be adjusted for by plurality for
the SGA subset. Although we were unable to adjust for it, this estimate might decrease or
become insignificant after adjustment. The groups with the highest use of infertility treatment(s)
are non-Hispanic Asians (3.6%) and non-Hispanic White (2.7%)

The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC)
was slightly protective in reducing LBW (adjusted RR=0.93, 95%CL (0.92, 0.93). WIC as a
protective factor against LBW was most pronounced when analyzed by maternal race. It was
protective in reducing LBW across all racial groups except for non-Hispanic White women. It
provided the greatest protection for non-Hispanic AIAN and non-Hispanic NHOPI women.
Refer to Table 6. Although WIC provides protection against LBW, there are less pregnant

women receiving WIC in 2023 compared to 2014 (31% vs 41%).
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Table 6. Adjust Risk Ratios and Rates of WIC Recipients by Maternal Race

Maternal Race Adjusted Risk Ratio WIC Rate:
Overall vs LBW
non-Hispanic AIAN 0.88 (0.86,0.91) 52.5 vs 50.0
non-Hispanic Black 0.91 (0.91, 0.91) 53.0vs 51.9
non-Hispanic Asian 0.92 (0.90, 0.93) 199vs 19.3
non-Hispanic NHOPI 0.92 (0.87,0.97) 39.2 vs 36.1
non-Hispanic White 0.99 (0.98, 0.99) 23.2 vs 28.1
Hispanic 0.92 (0.91, 0.92) 53.9vs 52.0
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DISCUSSION

The most defined pathways to LBW are among infants born preterm and infants born
SGA. The link between preterm birth and LBW is related to biological factors like eclampsia and
plurality but were independent of pre-pregnancy conditions and SES factors. The non-PTB group
and the SGA group were linked to pre-pregnancy conditions like previous preterm and pre-
pregnancy BMI. Non-preterm births were linked to LBW through non-modifiable risk factors
like advanced maternal age, maternal race, infant sex, and maternal height.

In the paper by Villar et al. (2012), preterm birth is described as a syndrome influenced
by various determinants. The authors emphasize that preterm birth is associated with significant
maternal, fetal, and placental conditions. While maternal factors are acknowledged as critical,
Villar et al. appears to highlight a greater number of fetal and placental determinants that
contribute to preterm birth. Maternal factors he highlights are biological conditions like pre-
eclampsia, eclampsia, and extrauterine infections (4). Similarly, this study identified biological
pathways linking preterm birth to LBW, specifically through the same conditions - eclampsia
and plurality. Since few fetal and placental factors were included in this study, it could be that
these factors are the missing link as to why preterm birth pathways are very specific and few
even though preterm birth was the most common LBW type.

A study on SGA determinants found that some of its main risk factors included advanced
maternal age and underweight pre-pregnancy BMI (5). This matches our study except we have
linked it with LBW. It was unusual that previous preterm birth was not linked to LBW infants

who were preterm birth but was linked to non-preterm and SGA infants. This relationship is
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understudied, however there was one study that explored this relationship. It found that women
with a previous preterm birth had an increased likelihood of delivering an SGA baby if their
pregnancy went to full term (6).

Many studies have linked infertility treatments to LBW and various adverse pregnancy
outcomes (7-8). However, this study found that infertility treatments had an overall insignificant
or low association with LBW after adjusting for plurality. One reason for this low risk is that the
study grouped many therapies together. It could be that some treatments are associated with a
lower risk, while others are linked to a higher risk for LBW. We believe a similar issue may
apply to STIs, as some STIs were associated with a greater unadjusted risk ratio for low birth
weight compared to others. By combining all STI types into one category, the effect may appear
to have a low or negligible risk for LBW.

This study has several limitations. First due to convergence issues, we were unable to
adjust for some variables, which could lead to residual confounding. To address this, we
considered a conservative estimate of clinical significance, defining an adjusted risk ratio of 1.2
or greater as significant. Second, MICE assumes data is missing at random. If this assumption is
not met, it could introduce selection bias. Third, the data contained outliers, such as infants born
at 17 weeks, which is extremely rare. Including these outliers in the analysis could affect the cut
off points for categories like SGA, AGA, and LGA, making them slightly wider. Additionally,
we had to merge some categories including STTIs, race, and infertility treatments, to prevent
frequent convergence issues. Finally, we lacked information on fetal and placental characteristics
as well as pregnancy intervals, which could have provided a deeper explanation of trends in

LBW types.

32



The strength of this study is that we used population based data and a large enough
sample size in the model to get estimates that were generalizable to LBW in the U.S. Another
strength is that because we analyzed multiple LBW groups, we were able to compare different
kinds of LBW and how determinants varied by LBW type. Lastly, although we could not fully
adjust for confounding we did manage to control for some.

In the future, we plan to incorporate fetal and placental factors to this analysis. Further
exploration is due to preterm birth accounting for most LBW births yet its pathways were
specific and few. Whereas non-SGA and non-PTB, which made up 4% of LBW births, had a
broader range of pathways. This may seem contradictory, but it could reflect the predominant

influence of maternal factors in our current analysis.
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CONCLUSION

In conclusion, the pathways to low birth weight are heterogeneous and vary by
gestational age and fetal growth patterns. This suggests that distinct determinants may influence
low birth weight across different birth pathways, such as preterm, full-term, or small, adequate,

or large for gestational age, with varying factors at play for each pathway.
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