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ABSTRACT

Samuel H. Fishman: Hispanic Paradox in North Carolina: Explaining the Favorable Birth Weight
Profile of Children Born to Foreign Born Hispanic Mothers
(Under the direction of S. Philip Morgan)

Much research finds that Hispanic Americans have similar health outcomes to non-Hispanic white
Americans despite facing discrimination and having relatively low socioeconomic statuses. In the
context of this “Hispanic Paradox”, this paper documents the effects of race and ethnicity on birth
weight in North Carolina, exploring several maternal health behaviors and conditions that could
account for the favorable birth outcomes of Hispanics (vis-a-vis other groups). I use data from the
North Carolina Birth Certificates, information on 901,873 first parity, singleton births between 1990
and 2009. While previous research finds similar rates of low birth weight among Hispanics and non-
Hispanic whites, my research finds that foreign born Hispanic mothers have a lower risk of low,
very low, and high birth weight than do non-Hispanic white mothers. Foreign born Hispanic
mothers’ favorable birth weight profile stems from longer pregnancies and lower rates of prenatal

smoking relative to non-Hispanic white mothers.
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INTRODUCTION

The “Hispanic Paradox” refers to Hispanics’ equal or superior health outcomes vis-a-vis
whites in the United States and their clearly superior health outcomes compared to U.S. Blacks. This
finding surprises public health researchers and social scientists given Hispanics’ similar
socioeconomic statuses and educational attainment levels to U.S. Blacks (Markides and Coreil 19806).
A large body of research addresses the question: why are the health outcomes of Hispanics relatively
“favorable”?

Some prior research documents more positive health outcomes for Hispanics (vis-a-vis non-
Hispanic whites) in a variety of populations and for a variety of health outcomes (Hummer et al.
2007; Markides and Eschbach 2005; Turra and Goldman 2007; Powers 2013); other analyses find
similar or worse health outcomes for Hispanics (vis-a-vis non-Hispanic whites) (Smith and
Bradshaw 2006; Crimmins et al. 2007; Hunt et al. 2003). There is agreement, however, that Hispanic
Americans have relatively positive health outcomes when compared to U.S. Blacks.

There is active debate on the reasons for the Hispanic Paradox. Some argue that Hispanics’
apparent health advantages are artifacts of inaccurate data. Others point to selection bias, i.e.,
immigration may select particularly healthy individuals. Alternatively, a “Salmon Bias™ has been
proposed -- the return of older individuals in poor health to their home country could produce the
Hispanic Paradox findings related to adult morbidity and mortality. Finally, the Hispanic Paradox
may be driven by healthy behaviors rooted in Hispanic immigrants’ culture (cultural buffering)
(Palloni and Arias 2004). Cumulative evidence suggests that selectivity on healthy immigrants is the

most reasonable explanation for the Hispanic Paradox; this finding is replicated among other
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immigrant groups of non-Western origins in Canada and Australia (Markides and Eschbach 2011).
For the purposes of my paper, I assume that Hispanic Paradox in birth weight is due to immigrant
selectivity.

My paper examines several maternal health mechanisms for the Hispanic birth weight
Paradox, addressing several questions. First, do Hispanics in North Carolina have a favorable birth
weight profile relative to non-Hispanic whites? Second, if so, which prenatal health mechanisms are
responsible for Hispanics’ favorable birth weight profile?

Previous research finds that the Hispanic Paradox is more visible for foreign-born Hispanics
than for those who were U.S. born. Thus, my research distinguishes between the children of foreign
born Hispanic mothers and native born Hispanic mothers. I expect that foreign born Hispanic
mothers have relatively low risk of adverse birth weight due to their low rates of prenatal smoking
and gestational diabetes. Smoking not only impacts birth weight by impeding intrauterine growth; it
also operates through gestational age by decreasing rates of preterm births. Foreign born Hispanic
mothers’ relatively low rates of negative prenatal health behaviors and conditions offset their lower
socioeconomic status. As a result they have a favorable birth weight profile relative to non-Hispanic
white and U.S. born Hispanic mothers.

The Birth Weight Paradox and Acculturation

This paper examines the Hispanic Paradox in North Carolina using adverse birth weight as a
measure of infant health. Past research finds similar rates of low birth weight among Hispanics
relative to those of non-Hispanic whites (Acevedo-Garcia et al. 2007; Leslie et al. 2003; Hesson and
Fuentes-Afflick 2000; Fuentes-Afflick et al. 1999; Fuentes-Afflick and Lurie 1997); this relatively
favorable birth weight profile is considered an instance of “Hispanic Paradox.”

Like non-Hispanic blacks in the U.S., Hispanics experience harmful discrimination and

socioeconomic disadvantage (Lariscy et al. 2015; Pew 2011; Arujo and Borrell 2000). Prior research



finds that chronic stress from discrimination and disadvantaged socioeconomic status are associated
with less favorable birth outcomes, including adverse birth weight (Strutz et al. 2012; LLauderdale
20006; Kramer 1987). However, unlike non-Hispanic blacks who consistently experience higher rates
of adverse birth weight (Martin et al. 2013), Hispanics have similar rates of low birth weight relative
to non-Hispanic whites (hence, the “Paradox”). Prior research on Hispanic Paradox in North
Carolina finds that Hispanics have similar rates of low birth weight, premature birth, and infant
mortality to those of non-Hispanic whites (Leslie et al. 2003).

Consistent with the hypothesis on healthy immigrant selectivity (Palloni and Arias 2004),
past research finds that time spent living in the U.S. among Hispanic Americans is associated with
less favorable birth outcomes (Markides and Eschbach 2011). Using national level vital statistics
data, researchers find that foreign born status is associated with lower rates of low birth weight than
Hispanic mothers who are born in the U.S., particularly among those of lower levels of education
(Acevedo-Garcia et al. 2005; Acevedo-Garcia et al. 2007). This finding may be due to changes in
health behavior that occur with time spent in the United States; for example, foreign born Hispanics
have healthier diets than those born in the U.S. (Guendelman and Adams 1995). Similarly, lack of
tobacco advertising targeting at Hispanics was associated with low rates of smoking; rates of
smoking among Hispanics began to dramatically rise during the late 1980s (Tye et al. 1987). Previous
literature on birth weight finds that Hispanic Americans have relatively low rates of adverse birth
weight, confirming the “Paradox.” This effect is stronger for foreign born Hispanics than for those
born in the U.S,, likely due to accumulation of negative health behaviors common in the U.S among
U.S. born Hispanics.

One key mechanism for the birth weight Paradox may be pregnancy length. Prior research
finds that Mexican Americans’ low rates of low birth weight are due to reduced rates of preterm

births relative to non-Hispanic white mothers. Buekens et al. suggests that future research on low



birth weight among Hispanics examine gestational age and preterm births as the proximate
mechanism for birth weight (2000). I use survival models to further examine potential mechanisms
for foreign born Hispanic mother’s longer pregnancies.

Fuentes-Afflick et al.’s (1999) research on Hispanic Paradox using California birth
certificates (1992) distinguishes four categories of birth weight: very low (500-1,499 grams), low
(1,500-2,499 grams), healthy (2,500-3,999 grams )and high birth weight (>4,000 grams). Their
research demonstrates the merit of differentiating low and very low birth weight as they find that
Hispanics have lower rates of very low birth weight; they also have slightly higher rates of low birth
weight in comparison with the children of non-Hispanic white mothers. However, they leave high
birth weight unexamined. I adopt the Fuentes-Afflick et al.’s measurement strategy and extend on
previous research in several ways.

First, I estimate models that sequentially add control variables and mediators to determine
the mechanisms that produce adverse birth weight and to differentiate between low birth weight
caused by preterm birth from that caused by restricted intrauterine growth.' I propose a conceptual
model (see Figure 1) to display the mechanisms for Hispanic birth weight Paradox. Foreign born
Hispanic mother’s favorable birth weight profile (relative to non-Hispanic whites and U.S. born
Hispanics) stems from low rates of prenatal smoking and gestational diabetes. Low rates of smoking
lead to decreased risk of adverse birth weight and concurrently lead to longer pregnancies. I
anticipate that foreign born Hispanic mothers’ longer pregnancies are also driven by unmeasured
factors. In turn, longer pregnancies decrease the risk of adverse birth weight. In summary, I expect
that foreign born Hispanic’s favorable birth weight profile is largely mediated by three mechanisms:

prenatal smoking, gestational diabetes, and pregnancy length.”

! Fuentes-Afflick et al. (1999) only includes bivariate and “preferred” models.

2 Other mechanisms for the Hispanic birth weight Paradox, such as diet, are unmeasured in my analysis.

7



Second, as previously mentioned, I adopt Fuentes-Afflick et al.’s birth weight measurement
strategy; allowing us to differentiate very low and low birth weight and explore mechanisms for high
birth weight. Third, my research provides more than an additional decade of data to the only other

study of the birth weight “Paradox” in North Carolina (Leslie et al. 2003).

Prenatal Pregnancy
Health Outcome
Mechanisms Mechanism
Prenatal
' Pregnancy -
Smoking Length \
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Figure 1: Conceptual Model of Birth Weight Factors
Establishing Context: North Carolina and Birth Weight Trends over Time

North Carolina is the tenth most populous state in the U.S. and is demographically diverse
with a substantial Hispanic population. In 2011 an estimated 828,000 Hispanics lived in North
Carolina, accounting for 9 percent of the population (Pew 2011). Hispanics in North Carolina are
economically disadvantaged with annual median personal earnings of $17,200 for individuals who
are age 16 or older.” Hispanics account for 15 percent of all births in North Carolina. The majority
of Hispanics in North Carolina are of Mexican descent (58%) (Pew 2011). As I will document,
foreign-born Hispanic mothers contribute a larger proportion of North Carolinian births in more

recent years.

3 Non-Hispanic Whites and non-Hispanic blacks have annual median personal earnings of $30,000 and $22,000,
respectively (Pew 2011).



Hispanic immigration to North Carolina began with Mexican farm laborers arriving in the
early 1980s. In the mid-1980s Mexicans began to work in rural (poultry processing and meatpacking)
and urban (manufacturing, construction, landscaping, nurseries, restaurant, and hospitality) jobs.
Mexicans have largely replaced African American factory and rural labor. Since the passing of the
Immigration Reform and Control Act of 1986, immigration to North Carolina has substantially
grown (Durand et al. 2005).

Hispanic immigration to North Carolina exploded between 1990 and 2000, with a massive
396 percent increase in Hispanic population, occurring in both urban and rural areas. This recent
wave of Hispanic immigration to North Carolina is part of a larger trend of immigration to
Southeast U.S (Kandel and Parrado 2000).

Previous research on the Hispanic birth weight Paradox uses data from older Hispanic
immigrant destinations such as California (Fuentes-Afflick et al. 1999; Fuentes-Afflick et al. 1998;
Hessol and Fuentes-Afflick 2000) and nationally representative sources (Fuentes-Afflick and Lurie
1997; Acevedo-Garcia et al. 2007). In contrast with this past research, my research (alongside Leslie
et al. 2003) examines this phenomenon in the Southeast U.S., capturing immigration trends from a
recent destination for Hispanic immigrants.

Despite the considerable body of literature on the Hispanic Paradox and birth weight, past
literature may be outdated. A recent national vital statistics report (Martin et al. 2013) shows that
rates of low birth weight by race/ethnicity have shifted since 1990, with Hispanics (telative to non-
Hispanic whites) having less favorable outcomes in 1990, more favorable outcomes in 20006, and less
favorable outcomes again in 2013. Building on Leslie et al.’s (2003) past work on birth weight
Paradox in North Carolina in the mid 1990’s, my analysis is sensitive to changes over a two decade

period (1990-2009).



Mechanisms for Adverse Birth Weight

My papet’s primary contribution to the literature on Hispanic Paradox is its examination of
mechanisms for Hispanic’s relatively healthy birth weight profile. Through iterative regression
analysis, I examine mechanisms for Hispanic Paradox using my hypothesized conceptual model (see
Figure 1). Adopting a more refined birth weight measurement strategy allows for more effective
analysis of mechanisms for adverse birth weight than previous research on the birth weight
“Paradox,” which use a binary variable (low and non-low birth weight). Notably, my analysis
examines high birth weight as a category of adverse birth weight with distinct mechanisms.

Adverse low birth weight is defined clearly in previous medical and public health literature.
The World Health Organization defines infants below 2,500 grams (5.5 pounds) at birth as having a
low birth weight. Infants below 1,500 grams (3.3 pounds) are considered to have a very low birth
weight (Kramer 1987; Fuentes-Afflick 1999; Strutz et at. 2012). Low birth weight can be caused by
restricted intrauterine growth or by preterm birth (Frisbie 2005; Kramer 1987). My research
examines both types of low birth weight.

While arbitrary in an absolute sense these distinctions are strongly predictive of health
problems — in both the short and long term. Infants with low birth weight have higher risk of
impaired growth, morbidity, brain damage, lung disease, liver disease, learning impairment, and
asthma than those of non-low birth weight (Shiono and Behrman 1995; Child Trends 2015).
Moreover, alongside gestational age and maturity of the infant, birth weight is one of the proximate
determinants of infant mortality and child morbidity. Most commonly, length of gestation impacts
on birth weight, which in turn influences the risk of infant mortality (Frisbie 2005). Infants at very
low birth weight are at greatly increased risk of health complications than those of moderately low
birth weight (Child Trends 2015); in fact, most infant deaths occur to very low birth weight infants

(Frisbie 2005). In 1988, 13 percent of all births were low birth weight. The costs of health care,
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childcare, and education for 3.5 to 4 million children who were born at a low birth weight accounted
for between $5.5 to $6 billion more than if these children were born with a healthy birth weight.
Furthermore, care for children with low birth weight accounted for 10% of all spending on health
care for children in the United States in 1988 (Lewit et al. 1995). More recent research from the 2001
Healthcare Cost and Ultilization Project found that half of infant hospitalization and one quarter of
pediatric costs were due to preterm and/low birth weight infants (Russell et al. 2007).

Most previous research on the Hispanic birth weight Paradox utilizes binary terms for birth
weight (low birth weight and non-low birth weight) (Cobas et al. 1995; Fuentes-Afflick and Lurie
1997; Hessel and Fuentes-Afflick 2000; Frank and Hummer 2002; Chung et al. 2003; Acevedo-
Garcia et al. 2005; Acevedo-Garcia et al. 2007). The dichotomization of birth weight fails to measure
the difference between very low birth weight (< 1,500 grams) and low birth weight (1,500-2,500
grams), categories of birth weight with very different levels of health risk (Strutz et al. 2012; Schieve
et al. 2002; Kleinman and Kessel 1987).

Although research on birth weight primarily examines low birth weight, recent research finds
that high birth weight is also associated with health risks. Children with high birth weight have an
increased risk of later life obesity (Curhan et al. 1996; Deckelbaum et al. 2001; Gillman et al. 2003).
High birth weight also increases the risk of labor complications, Cesarian birth, chorioamnionitis,
shoulder dystocia, fourth-degree lacerations, postpartum hemorrhage, prolonged hospital stay, and
neonatal morbidity (Boulet et al. 2003; Stotland et al. 2003). Some researchers categorize births over
4,000 grams to be of high birth weight (Fuentes-Afflick et al. 1999; Strutz et al. 2012; Wei et al.
2003); others use 4,500 grams as a cut-off (Lipscomb et al. 2005; Berard et al. 1998; Nassar et al.
2003; Boulet et al. 2003).

High pre-pregnancy weight and height, parities greater than 2, longer pregnancies, and male

gender are associated with increased risk of high birth weight. Prenatal smoking is associated with a
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decreased risk of high birth weight (Orskou et al. 2003; Shrutz et al. 2012). Notably, gestational
diabetes mellitus is associated with increased risk of high birthweight (Xiong et al. 2001; Gillman et
al. 2003; Naver et al. 2013). I hypothesize that gestational diabetes serves as a measurable
mechanism through which foreign born Hispanics have decreased risk of high birth weight (see
Figure 1).

Prenatal maternal smoking is strongly associated with increased risk of low birth weight and
preterm births (Frisbie 2005; Chomitz, Cheung, and Lieberman 1995; Lundsberg, Bracken, and
Saftlas 1997; Brooke et al. 1989; Cnattingius et al. 1993). Lower rates of smoking among Hispanics
may serve as a mediator for lower rates of low birth weight and preterm birth (Leslie et al. 2013).
Lower rates of smoking among Hispanics may be due to lack of tobacco advertising among
Hispanic populations (Tye et al. 1987). I predict that prenatal smoking serves as a mechanism
through which foreign born Hispanics have decreased risk of very low and low birth weight (see
Figure 1).

Birth weight is directly dependent on the time period a child is in gestation. Gestational age
is usually measured in weeks; preterm birth is usually considered to be earlier than 37 weeks. 32, 33,
or 34 weeks are frequently used as a benchmark for very preterm births (Berkowitz and Papiernik
1993). As previously mentioned, preterm birth infants have lower birth weights than non-preterm
birth infants. This difference in weight is caused by the loss of time for intrauterine growth. Adding
a variable for gestational age allows statistical models to differentiate between preterm births and
low birth weight for gestational age (Frisbie 2005; Kramer 1987).

Rates of preterm birth vary by racial and ethnic background. The children of black mothers
have much higher risk of preterm birth than white mothers in the U.S. and U.K. In contrast, the
children of Hispanic mothers have relatively low rates of preterm birth (Goldenberg et al. 2008).

Previous medical research from North Carolina finds that the children of Hispanic women are less
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likely to have preterm births than the children of white and African American mothers (Brown et al.
2007). Gestational age may serve as a partial proximate mediator through which smoking may
impede birth weight (see Figure 1). Gestational age may also act as a proximate mediator of low
birth weight for other unspecified health mechanisms (Buekens et al. 2000). Likewise, longer
pregnancy length may serve as an influential mediator (acting independent of smoking) between
Hispanic race/ethnicity and reduced risk of low birth weight (see Figure 1).

Like birth weight, pregnancy length is impacted by other proximate health mechanisms.
Prenatal smoking is associated with preterm birth, likely operating through nicotine and carbon
monoxide or increased inflammation which can cause spontaneous birth (Goldenberg et al. 2008).
Likewise, gestational diabetes mellitus is associated with an increased risk of preterm birth as
increased rates of glycaemia are associated with spontaneous eatly birth (Hedderson et al. 2003).
Relatively low rates of prenatal smoking and gestational diabetes among foreign born Hispanics
likely serve as mechanisms for longer gestational period vis-a-vis non-Hispanic whites.

Socioeconomic status affects birth weight through other mediating factors such as nutrition,
infectious diseases, or exposure to toxins (Frisbie 2005; Kramer 1987). Increased level of maternal
education is associated with decreased risk of low birth weight. Maternal education level can serve as
a proxy for socioeconomic status. However, education also has an independent impact on birth
weight that operates outside of socioeconomic status (Victoria et al. 1992; Luo et al. 2000).

As Hispanics in the United States have low socioeconomic status in comparison with non-
Hispanic whites (Pew 2011), it is expected that these conditions would put them at increased risk of
adverse birth weight outcomes. My research will control for socioeconomic status through the proxy
of maternal education (see Figure 1).

Foreign born Hispanics in North Carolina over the age of 15 have higher rates of marriage

(49%) than Hispanics born in the U.S. (34%) and blacks (31%), but have much lower rates than
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whites (56%). Previous research finds that infants born to unwed mothers are at increased risk of
low birth weight (Frisbie 2005). I will control for marriage at time of birth using a dummy variable.

Advanced and early maternal age are associated with increased risk of low birth weight (Lee
et al. 1988). Additionally, advanced maternal age is associated with increased risk of preterm birth
(Joseph et al. 2005). Women’s fecundity begins to decline in their 20s; this decline accelerates in their
late 30s (Dunson et al. 2002). However, older maternal age is also beneficial as it is associated with
greater socioeconomic status (Stein and Susser 2000). Past research consistently finds U-shaped
relationships between maternal age and infants’ health. Maternal age has a U-shaped relationship
with low birth weight and preterm birth (Abel et al. 2002), infant mortality (Frisbie 2005; Misra and
Ananth 2002), and congenital malformations (Croen and Shaw 1995). Recent Hispanic immigrants
are often in the early 20s (Palloni and Arias 2004) and have high intensity periods of fertility
following immigration (Parrado 2011). I expect that foreign born Hispanics’ relatively young
maternal age at first birth is associated with increased risk of adverse birth weight (due to
socioeconomic disadvantage) (see Figure 1). I control for maternal age and include an additional
variable for maternal age squared in order to model the U-shaped relationship between maternal age
and child’s health.

I only examine first parity births in my paper as birth order impacts birth weight. Birth
weight increases after parity one. However, birth weight may decrease with higher parity births
(Kramer 1987). Foreign born Hispanic mothers may be more likely to have low parity births as
many recent Hispanic immigrants to the U.S. have high intensity periods of fertility in their post
migration period (Parrado 2011). The relatively young age of these immigrants (Palloni and Arias
2004) further contributes to an increased probability of low parity births.

Adding to the problem of parity, births are clustered within mothers. Because de-identified

birth certificates do not link births to mothers, I am unable to account for similarity between births
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to the same mother. For example, it is likely that mothers who give birth to low birth weight
children at first parity have increased risk of low birth weight in later parities compared to a mother
who has a child at a healthy, heavier birth weight. Using only first parity births counteracts this
threat of autocorrelation between births of the same mother and controls for parity’s impact on
birth weight. This exclusion has an additional benefit; mothers are most similar at first parity as
complications from previous pregnancies (such as C-section births) do not influence mothers and
children’s health.

Period effects are particularly important for foreign born Hispanics as the flow of Hispanic
immigration changes over time, with clustering in specific periods (Durand et al 2000; Durand et al.
2001). In turn, these specific periods may be associated with phenomena or trends that influence
birth weight. In order to account for time trend and period effects my models include fixed effects
for year of birth.*

Data

My research uses de-identified data from North Carolina birth certificates (1990-2009), obtained
from the North Carolina Center for Health Statistics. Cases with missing data were eliminated using
list-wide deletion due to the small number of missing cases (less than 1%). Responses with
gestational age at birth greater than 44 weeks or less than 22 weeks were removed. These cut-points
were selected because previous research on gestational age distributions consider week 22-23 to be
the first age of viability (Kramer et al. 2001; Breborowicz 2001); these distributions generally cut off
at week 43-44 (Kramer et al. 2001; Davidoff et al. 2006). Of the original 2,265,326 cases, 2,163,923

cases remained after list-wide deletion and the removal of unrealistic eatly births. Non-singleton and

! Births at 40-44 weeks of gestational age have decreased in recent years. Simultaneously, there have been increases in
births between 37-39 weeks and 34-36 weeks. These changes are observed across all categories of delivery (Davidoff et
al. 2000).
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non-first parity births were also removed from the dataset. Additionally, Asian and mothers of
“Other” race were removed from the data because of the focus on the Hispanic Paradox (and the
contrast with non-Hispanic whites and Blacks). After these restrictions 901,873 cases remained.’

The outcome variable is birth weight, recorded in grams in the birth certificate data. A
medical professional present at a birth records the child’s weight immediately after birth.
Measurements of birth weight in the North Carolina birth certificates are highly reliable (Vinikoor et
al. 2010).

As noted above, birth weight in grams was converted into four categories of birth weight:
Very low birth weight (<1,500 g), low birth weight (1,500-2499 g), healthy birth weight (2,500-
4,499), and high birth weight (>4,500 g). This categorization is similar to previous variables used to
measure the effects of maternal body mass on children’s birth weight (Strutz et al. 2012; Fuentes-
Afflick et al. 1999).°

Maternal race and ethnicity is divided into four categories, non-Hispanic white, non-
Hispanic black, U.S. born Hispanic, and foreign born Hispanic. This variable was constructed from
variables on race, Hispanic identification, and Hispanic mothers’ birth place (U.S. or foreign).
Despite the heterogeneity among Hispanic backgrounds and places of origin, I use Hispanic identity
as a mutually exclusive category in my analysis. Variables for race not only measure one’s
racial/ethnic self-identification, they also encapsulate the cumulative social experiences of a person

of this group.

5 Unrealistic birth weights were not removed from the data because no cases appeared to be outliers. Also, the exclusion
of the top .01 percent and bottom .01 percent of birth weight had no impact on the results.

® My categorization uses a higher weight threshold (4,500 grams) than Strutz et al. (2012) and Afflick et al. (1999) (4,000
grams) for high birth weight in order to more clearly differentiate between birth weights that are large due to high height

and weight of mothers (and hence not necessarily unhealthy) and birth weights that are high and detrimental to maternal
and child health.
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The variable for prenatal smoking has four categories: non-smoker, 1-10 cigarettes per day,
11-20 cigarettes per day, and more than 20 cigarettes per day. Multiple categories are used to
measure smoking because non-smokers are qualitatively different in health from individuals who
smoke any number of cigarettes. Reported prenatal smoking rates may be driven down by social
desirability bias, thus reducing statistical power. The dummy variable for diabetes indicates which
mothers had gestational diabetes mellitus during their pregnancy. The variable for gestational age
measures the length of time between conception and birth in weeks. This variable is kept in its
original interval-ratio form.” Education was broken into fmy categories based on years spent in
school: less than high school degree (<8 years), high school degree (12 years), some college (>12 and
<16), and bachelor’s degree or more (=16). The variable for marriage indicates whether or not the
mother was married at the time of birth.
Methods and Results
Descriptive Results
A small but substantial percentage of first births in North Carolina are very low (1.6%) or low
(6.5%) birth weight (8.1% when added together) (see Table 1); this finding is in line with the national
average (for births of all parities) in 2006 (8.3%) and slightly above national average in 1990 (7%)
(Martin et al. 2013). Approximately 1.2 percent of births are high birth weight (1.16%, see Table 1).
The majority of the births are to non-Hispanic white mothers (66.7%); however a substantial
percentage were to foreign born Hispanic mothers (7%). The modal education of first time mothers

is high school (30.8%).

7 Previous research finds that the last menstruation method of determining gestational age is subject to greater random
error and overestimation in comparison with ultrasound (Savitz et al. 2002). However, researchers compared linked data
from the North Carolina birth certificates and PIN (2000-2004, 2006 birth cohorts), a clinical study based on data from
patients at University of North Carolina associated hospitals (Vinikoor et al. 2010). 91% of the women in PIN had their
gestational age estimated by ultrasound (Savitz et al. 2012). This comparison finds a 98% agreement and a Spearman’s
Cotrelation of .9 between the cases of linked data (Vinikoor et al. 2010). Therefore, the measurement error is minimal and
my models can utilize gestational age operating under the assumption of zero measurement error.
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Table 1: Continuous and Categorical Variables

Mean gt(i; Min Max Percent
Gestational Age at Birth (wecks) 39 2 22 44
Birth Weight (grams) 3271 601 28 6549
Maternal Age 24 6 10 55
Year of Birth 2000 6 1990 2009
Birth Weight Categories
Very low 1.6
Low 6.5
Normal 90.8
High 1.2
Maternal Race/Ethnicity
White 66.8
Black 24.5
U.S. born Hispanic 1.7
Foreign born Hispanic 6.9
Maternal Education
No high school 21.5
High School 30.8
Associate's degree 22.0
Bachelot's degree 25.8
Prenatal Smoking
Non-smoker 88.6
1to 10 8.7
11 to 20 2.4
More than 20 0.3
Gestational Diabetes (yes) 2.4
Married at Time of Birth (yes) 59.3

N=901,873

Table 2 shows that over 99.6 percent of foreign born Hispanic mothers are non-smokers
during the prenatal period. Smoking is much more prevalent among non-Hispanic white, non-
Hispanic black, and U.S. born Hispanic mothers. Non-Hispanic white mothers have the highest
rates of prenatal smoking with over 10.9 percent smoking 1-10 cigarettes per day, and 3.5 percent
smoking 11-20 cigarettes per day. Maternal diabetes is the least prevalent among foreign born
Hispanic mothers (1.9%); non-Hispanic white mothers are much more likely to have diabetes

(2.6%). Notably, foreign born Hispanic women are of particularly low socioeconomic status; less

18



than half have completed high school. Only 42.2 percent of these foreign born women are married
at time of birth. U.S. born Hispanics’ have much higher levels of education (29% with less than high
school), and a higher percentage are married at time of birth (54.6%) relative to foreign born
Hispanics. These findings on smoking, diabetes, and socioeconomic status are consistent with
previous findings of “Hispanic Paradox” (Leslie et al. 2003; Lariscy et al. 2015) and my conceptual
model (see Figure 1).

Table 2: Prenatal Smoking, Education, Diabetes, and Birth Weight by Mothet’s Race/Ethnicity (%)

White Black U.S. Born Hisp.  For. Born Hisp.
Non-Smoker 85.3 93.8 95.4 99.6
1 to 10 Cig. 10.8 5.6 4.0 0.4
11 to 20 Cig. 3.4 0.6 0.6 0.0
More than 20 Cig. 0.4 0.1 0.1 0.0
No High School 14.4 28.4 29.0 63.4
High School 29.3 36.5 35.0 23.6
Associate's 23.7 21.5 21.7 7.3
Bachelot's 32.6 13.7 14.4 5.7
Diabetes (Yes) 2.6 2.3 22 1.9
Married (Yes) 74.8 22.3 54.6 42.2
VLBW 1.2 3.0 1.4 0.9
LBW 5.4 9.9 6.0 53
Healthy BW 92.0 80.6 91.7 93.0
High BW 1.4 0.5 0.9 0.8

N=901,873

Table 3 displays the percentage of live pregnancies that remain in gestation at specific weeks
in pregnancy. The table shows that non-Hispanic black mothers have substantially earlier gestational
age at birth than do other racial/ethnic groups as only 79.9 percent of pregnancies reach full term
(i.e., 37 weeks). Gestational age at birth is nearly indistinguishable between non-Hispanic white
mothers and U.S. born Hispanic mothers as 84.4 percent and 84 percent of their respective
pregnancies reach full term. Notably, foreign born Hispanic mothers have a slightly lower rate of
births between week 35 and 37 than non-Hispanic white and U.S. born Hispanic mothers. Their

children are the most likely to reach full term (86.5 %). Once again these results are consistent with
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my conceptual model (see Figure 1) as increased gestational age at birth for foreign born Hispanics
(in comparison with non-Hispanic whites) is likely associated with decreased risk of low birth
weight.

Table 3: Live Births Remaining Unborn at Gestational Age (weeks) by Maternal Race/Ethnicity (%)

White Black US Born Hisp.  For. Born Hisp.
30 99.0 97.3 98.7 99.2
31 98.7 96.8 98.5 98.9
32 98.3 96.1 98.0 98.6
33 97.7 95.2 97.5 98.1
34 96.7 93.8 96.4 97.2
35 94.9 91.8 94.6 95.7
36 91.4 87.7 91.1 92.7
37 84.5 80.1 84.0 86.6
38 71.2 065.4 69.4 72.3
39 48.6 42.7 44.4 47.7
40 17.0 13.8 15.4 17.2
Full term
N= 745,460

Table 4 shows an increase in the percent of births to foreign born Hispanic mothers,
peaking at 11.6 percent in 2006. After 2006 the percentage of births foreign born Hispanic mothers
rapidly declines. Meanwhile, there is steady growth in the percentage of births to U.S. born Hispanic
mothers and steady and slow decline in the percentage of births to non-Hispanic white mothers.
The results from Table 4 demonstrate that North Carolina may be a recent destination for Hispanic
immigrants as it shows a large increase the percentage of births to foreign born Hispanic women.
However, Hispanic immigration appears to be slowing in the late 2000s, possibly due to the
economic recession.

Table 4: Maternal Race/Ethnicity and Year of Birth (%)

1?2;}; White Black  US Hisp. 1512;
1990 713 27.1 0.7 1.0
1991 712 273 0.6 1.0
1992 70.9 27.0 0.7 14
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1993 69.8 27.7 0.8 1.7
1994 70.2 26.8 0.9 2.1
1995 69.6 26.4 1.2 2.9
1996 69.8 25.1 1.2 4.0
1997 69.3 24.4 1.3 5.0
1998 69.0 24.1 1.3 5.6
1999 68.0 235 1.5 7.0
2000 66.9 22.6 1.5 8.9
2001 64.6 22.9 1.7 10.7
2002 65.1 22.6 1.8 10.5
2003 65.4 222 2.0 10.4
2004 64.7 22.7 2.0 10.6
2005 63.1 23.1 2.3 11.4
2006 62.4 235 2.5 11.6
2007 62.3 237 2.8 11.3
2008 62.5 24.5 32 9.8
2009 63.5 24.5 3.6 8.4
Total 66.8 24.5 1.7 6.9
N=901,873

Multinomial Logistic Regression Analysis

I use multinomial logistic regression to estimate the effects of race/ethnicity on birth weight. My use
of a four category outcome variable improves on previous authors’ use of binary logistic regression
models by differentiating the magnitude of low birth weight and examining high birth weight. My
model is robust to the independence of irrelevant alternatives assumption because the outcome
variable is not based on choices, but rather the birth weight categories are constructed from interval-
ratio level data. The model estimates the likelihood of a mother giving birth to a child with low, very
low, or high birth weight relative to healthy birth weight in 7 births and # time.

p(Adverse BW = 3);;
" p(Healthy BW = 1);;

= a + P11 + Bas; + Bad; + Bugi + Bsei + Bemy + Bra; + Pgal + v =z

The hypothesized model includes terms for maternal race/ethnicity (7), prenatal smoking (s),
gestational diabetes (d), and gestational age at birth (g). This model also includes control variables for

maternal education (¢), marriage at time of birth (), maternal age (), maternal age squared (<), and
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fixed effects for year of birth (). The outcome variable measures the log odds of adverse birth

p(Adverse BW=3);;
p(Healthy BW=1);

weight relative to that of healthy birth weight; it is represented by In . My outcome

variable is displayed as relative risk ratios (RR). Significant results and non-significant results are
shaded in grey and white respectively. Relative risk ratios from year fixed effects are not displayed
with the results. I use a .001 alpha level as my large sample size causes my analysis to be very
sensitive to significant results.

Model 1 in Table 5 is the bivariate model. Foreign born Hispanic mothers’ first births have
reduced risk (RR=.78, i.e, factor reduction in risk compared to non-Hispanic white mothers at 1.0)
of very low and high (RR=.61) birth weight when compared with non-Hispanic white mothers
(p<.001). Foreign born Hispanics are not significantly different from non-Hispanic whites in their
risk of low birth weight. U.S. born Hispanics are not significantly different from non-Hispanic
whites, except they have a lower risk of high birth weight. Non-Hispanic blacks have a greatly
increased risk (RR= 2.81) of very low and low (RR=1.94) birth weight, but reduced risk (RR=.39) of
high birth weight relative to non-Hispanic whites (p<.001).

When I add controls for maternal education, marriage at time of birth, and maternal age (see
Model 2), the births of foreign born Hispanics gain an advantage in low birth weight in addition to
their previous advantages in very low and high birth weight (when compared with the children of
non-Hispanic white mothers). Net of other variables in the model, foreign born Hispanics have
reduced risk of very low (RR=.606), low (RR=.76), and high (RR=.78) birth weight relative to non-
Hispanic whites (p<.001). U.S. born Hispanics have similar risk of low and very low birth weight
and decreased risk of high birth weight when compared to non-Hispanic whites. Non-Hispanic
blacks continue to have increased risk of very low and low birth weight and decreased risk of high

birth relative to non-Hispanic whites. Model 2 has an improved fit in comparison with Model 1.
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Findings from Model 2 indicate that foreign born Hispanics’ low levels of socioeconomic status are
partially suppressing their low risk of adverse low birth weight.

Model 3 includes terms for the mediators, diabetes and prenatal smoking, in addition to
control variables. Mothers who smoke during pregnancy are at increased risk of very low and low
birth weight and decreased risk of high birth weight than non-smokers. Greater amounts of
cigarettes smoked per day are consistently associated with increasing risk of low birth weight and
decreasing risk of high birth weight.

Mothers with gestational diabetes have twice the risk of high (RR=2.01) birth weight relative
to those without the condition when holding other variables in Model 3 constant (p<.001).
However, in Model 3 foreign born Hispanics actually have a decreased risk of high birth weight in
comparison with previous models. It is likely that foreign born Hispanics’ low rates of prenatal
smoking lead to increased risk of high birth weight. The influence of smoking on high birth weight
appears to be more substantial than the influence of gestational diabetes, because of the large
percentage of the population that smokes (relative to the small population that has gestational
diabetes).

Adding variables for smoking and diabetes accounts for some of foreign born Hispanic
mothers’ advantage in very low and low birth weight (shown in Model 2). Simultaneously, the risk of
very low and low birth weight increases for foreign born Hispanic mothers and decreases for non-
Hispanic white mothers. Foreign born Hispanic mothers have a reduced risk of adverse birth weight
compared to white mothers. The increased risk of very low (RR=.75) and low (RR=.92) birth weight
among the children of foreign born Hispanic mothers in Model 3 relative to Model 2 (RR=.66 and
RR=.76 respectively) indicate that smoking serves as a mediator for these outcomes. Foreign born
Hispanics still have a reduced risk of very low (RR=.75), low (RR=.92), and high (RR=.67) birth

weight relative to non-Hispanic white mothers when holding other variables constant (p<.001).
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Non-Hispanic blacks and U.S. born Hispanics have increased risk of very low, low, and decreased
risk of high birth weight relative to non-Hispanic whites in Model 3.

Model 4 includes another mediating variable (alongside the control variables), gestational age
at birth, while excluding diabetes and prenatal smoking. Adding gestational age to the model greatly
improves the fit; Model 4’s BIC is nearly half of that of Model 2 and 3; it also reduces the odds of
very low and low birth weight for each racial/ethnic group. While foreign born Hispanic mothers’
advantage in low birth weight becomes smaller (relative to Model 2), they still have a reduced risk of
very low (RR=.73), low (RR=.88), and high (RR=.74) birth weight relative to non-Hispanic white
mothers when holding other factors constant (p<.001). However, their advantage in very low birth
weight is negligible when gestational age is held at mean (week 39) as the predicted probability of
having very low birth weight is almost zero for all fmy racial and ethnic groups in Model 4 (see
Table 7 for predicted probabilities). This shift indicates that early term births likely account for most

cases of very low birth weight.
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Table 5: Multinomial Logit Model: Birth Weight Categories with Coefficients Displayed as Relative Risk Ratios

Model 1 Model 2 Model 3 Model 4 Model 5
VLB LEW HEW VLB LEBW HEW VLB LEW HEW VLB LEW HEW VLB LEW HEW
Race/Ethnicity
Black 2.80 1.94 0.58 253 1.68 0.02 272 1.8% 0.45 218 1.658 0.53 272 192 048
U 5. born Hispanie 1.18 1.11 0.65 1.18 1.04 77 125 115 072 0.93 1.04 078 112 1.20 072
Foreign born Hispanic 077 0.96 0.60 0.63 074 0.80 07 0.90 0.69 07 0.85 076 1.00 1.10 0.65
Ilzternz]l Education
High School 0.85 072 1.34 0.82 0.85 1.24 0.80 072 1.34 2.m 0.87 1.24
Some College 073 0.66 1.37 079 075 1.20 0.58 0.63 1.37 073 074 121
Bachelot's 0.46 049 1.24 0.52 0.59 1.06 0.38 0.49 1.20 0.53 0.63 1.03
MMareied 132 137 0.78 127 1.15 0.85 127 1.50 076 112 118 0.83
Maternal Age 1.03 097 1.16 1.01 0.94 1.18 111 103 1.16 1.06 0.99 117
Maternal Age Squared 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
FPrenstal Smoking
1to 10 Cig. 143 1.73 0.45 270 2.04 0.44
10 to 20 Cig. 152 211 0.36 419 2.80 0.36
Mozte than 20 Cig. 221 220 020 4.86 287 020
Gastational Diabetes 1.04 1.20 20 0.46 0.59 288
Gestational Age 0.17 0.41 1.78 0.17 0.40 1.81
p==001
hlodel hlodel Mlodel hlodel hlodel
1 2 3 4 E
df 69 a7 o9 o0 99
LE chi2 10265 15451 18623 2062468 300091
EIC 681390 876452 T3445 395478 392018

N=0901.873

25



U.S. born Hispanics have similar risk of low birth weight and decreased risk of high birth
weight relative to non-Hispanic white mothers. As in previous models, non-Hispanic blacks have
increased risk of low birth weight and decreased risk of high birth weight (when compared with
non-Hispanic whites).

Model 5 is the hypothesized model; it includes diabetes, prenatal smoking, gestational age at
birth, and control variables. Model 5 has the best fit of the five models with a BIC value slightly
lower than that of Model 4. Like Model 4, the predicted probability (see Table 7) of very low birth
weight in Model 5 is negligible for all racial/ethnic groups as the model holds gestational age at its
mean (39 weeks). Foreign born Hispanics’ reduced risk of low and very low birth weight (relative to
non-Hispanic whites) disappears. In fact, foreign born Hispanic mothers have an increased risk of
low birth weight (RR=1.13) relative to non-Hispanic white mothers net of other factors in Model 5
(p<.001). However, foreign born Hispanics’ decreased risk of high birth weight (when compared
with non-Hispanic whites) remains. While foreign born Hispanics have reduced risk of very low and
low birth weight in comparison with non-Hispanic white mothers when including both low birth
weight due to preterm birth and those caused by impeded intrauterine growth, they have increased
risk of low birth weight when only examining births which are due to impeded intrauterine growth
in comparison with non-Hispanic white mothers.

The effect of smoking increases in Model 5, indicating that gestational age is suppressing its
influence. The risk of very low and low birth weight among mothers who smoke during the prenatal
period greatly increases relative to that of non-smokers. Mothers who smoke 1-10 cigarettes each
day have increased risk (RR=2.09) of low birth weight relative to non-smokers when holding other
variables constant (p<.001). Akin to Model 3, the risk of low birth weight increases and the risk of

high birth weight decreases with the amount of cigarettes smoked each day. This finding indicates
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that prenatal smoking has a more substantial effect on impeding intrauterine growth than on
inducing preterm birth.

Consistent with my conceptual model (see Figure 1), foreign born Hispanic mothers’ low
rates of prenatal smoking and longer pregnancies serve as mechanisms for foreign born Hispanic
mothers’ reduced risk of very low and low birth weight vis-a-vis non-Hispanic white mothers.
Effects of Hispanic Ethnicity on Gestational Age: Conditional Cox Proportional Hazard Model
Motived by the finding that foreign born Hispanic mothers’ reduced risk of low birth weight is
partially mediated by gestational age, I use a second model to decompose the effects of Hispanic
ethnicity on gestational age at birth.

I use a Cox Proportional Hazards model in order to examine potential mechanisms for
foreign born Hispanic mothers’ longer gestational periods. This model is conditional on survival at
birth, as fetal deaths are not included in these data. I also exclude births with gestational ages lower
than 30 weeks and those (greater than 30 weeks) with birth weight lower than 1,500 grams due to
high risk of fetal death for births of these categories. Past research finds that the average birth
weight at 30 weeks is 1,500 grams (Kramer et al. 2001) and small for gestational age births are at
greatly increased risk of fetal death (Cnattingius et al. 1998), I can assume that most removing very
low birth weight and very eatly births will exclude births at highest risk of fetal mortality. This
exclusion removes potential bias from fetal death from my models. Similar research on prenatal and
neonatal health utilizes Cox Proportional Hazards models in order to analyze variations in time to
event (Hartnoll et al. 2000; Bartels et al. 2005). Because the Cox regression model is semi-parametric,
it does not require that a distribution be specified. The use of a partial likelihood estimator allows
for coefficients to be estimated without a baseline hazard function. Cox regression models estimate
the instantaneous hazard of an event occurring using hazard ratios (Allison 2012). In my model, the

event occurring is birth. The Cox Proportional Hazards model operates under the proportional odds
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assumption, assuming that the hazard ratios of variables in the model do not change over time.
While there may be interactions between variables in the Cox regression model and time (gestational
age), the model estimates the averages of the variables, providing a useful approximation of the
association between race/ethnicity and gestational age at birth.

Analysis

My conditional hazards model estimates the hazard of birth in 7 births and # time during the
gestational period (g) such that:

Hazard of Birth(g); = ho(g)exp(B,ri + B,s; + Bsd; + B,e; + Bsmi + Boa; + Baf +v,)
Where rserves as a term for maternal race/ethnicity, s represents a term for prenatal smoking, and o
serves as a term for gestational diabetes. The model also includes control variables for maternal
education (¢), marriage at time of birth (%), age (4), and age squared (&), and fixed effects for year of
birth (y). The unobserved baseline hazard is represented by Ao(g). All results are displayed as hazard
ratios, with significant results shaded in grey. Hazard ratios for year of birth are not displayed in
Table 6. Similar to my first model, I use a .001 alpha level for measuring significance because of my
large sample size.

All results are displayed as hazard ratios, with significant results shaded in grey. Hazard ratios for
year of birth are not displayed in Table 6. Similar to my first model, I use a .001 alpha level for
measuring significance because of my large sample size.

Model 1 is the bivariate model, measuring “sutvival” in gestation by race/ethnicity. Foreign
born Hispanic mothers have lower risk of birth at each week than those of non-Hispanic white
mothers (Model 1). The hazard of birth for foreign born Hispanic mothers is 6 percent lower than
that of non-Hispanic white mothers (p<.001). Non-Hispanic black mothers have an 11 percent

higher hazard of birth in comparison with the children of non-Hispanic white mothers net of other
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variables in the model (p<.001). There is no significance difference between the risk of birth for U.S.

born Hispanic mothers and non-Hispanic white mothers.

Table 6: Cox Proportional Hazard Model: Gestational Age at Birth

Model 1 Model 2 Model 3
HR SE HR SE HR SE

Race/Ethnicity

Black 1.091 0.003 1.097 0.003 1.102 0.003

U.S. born Hispanic 1.009 0.008 1.012 0.008 1.016 0.008

Foreign born Hispanic 0.942 0.004 0.939 0.004 0.948 0.004
Maternal Education

HS completion 0.984 0.003 0.989 0.003

Some College 0.985 0.004 0.993 0.004

Bachelot's degree 0.945 0.004 0.961 0.005
Married 0.990 0.003 0.987 0.003
Maternal Age 0.985 0.002 0.982 0.002
Maternal Age Squared 1.000 0.000 1.000 0.000
Prenatal Smoking

1 to 10 Cig. 1.032 0.004

10 to 20 Cig. 1.049 0.007

More than 20 Cig. 1.056 0.021
Gestational Diabetes 1.451 0.010
p<=.001

‘ Model 1 Model 2 Model 3

df 22 28 32
LR chi2 8422 9107 11791
N=886,954

Model 2 includes control variables for maternal education and maternal age. Consistent with
findings from Model 1, non-Hispanic black mothers have an 11 percent higher hazard of birth in
comparison with the children of non-Hispanic white mothers net of other variables in the model
(p<.001). Likewise, there is no significant difference in the hazard of birth for U.S. born Hispanic

mothers and non-Hispanic white mothers. While controlling for maternal education and maternal

29



age at birth improves model fit,’ it has no impact on foreign born Hispanic mothers’ increased
gestational age vis-a-vis non-Hispanic white mothers.

Model 3 includes mediating terms for prenatal smoking and gestational diabetes. Adding
terms for prenatal smoking and diabetes does not impact foreign born Hispanic mothers’ tendency
towards longer pregnancies. The hazard of birth for the children of foreign born Hispanic mothers
is 6 percent lower than that of the children of white mothers when holding all other terms in the
model constant (p<.001). Consistent with previous models, non-Hispanic black mothers have earlier
births than white mothers and U.S. born Hispanic mothers have similar length of pregnancy in
comparison with non-Hispanic white mothers.

In comparison with non-smokers, mothers who smoke during pregnancy have shorter
pregnancies. The risk of early birth increases with the amount of cigarettes smoked daily with 4, 5,
and 7 percent increases (for those who smoke 1-10, 11-20, and 20 or more cigarettes per day
respectively) in the hazard of birth relative to non-smokers. Likewise, mothers with diabetes have a
45 percent greater hazard of birth relative to mothers without diabetes net of other variables in the
model (p<.001). Model 3 has the greatest statistical fit of the three models.

The Cox regression analysis’ shows that foreign born Hispanic mothers have longer
pregnancies than non-Hispanic white mothers. While prenatal smoking and gestational diabetes are
associated with decreased gestational age at birth, foreign born Hispanic mothers’ longer
pregnancies (relative to those of non-Hispanic white mothers) are not fully explained by their lower

rates of prenatal smoking or gestational diabetes.

8 BIC was not used to measure goodness of fit as the large sample size made the fit statistics for the three models
indistinguishable.

91 ran supplemental analyses using OLS, binary logit (preterm/non-preterm), and multinomial logit (four categoties of
gestational age) models. Like the Cox Proportional Hazards model, these analyses found that foreign born Hispanics
have a robust advantage in pregnancy length relative to non-Hispanic whites. The multinomial logit model found their
favorable birth profile to be consistent throughout gestation, providing evidence for the proportional hazards
assumption.
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Discussion
Mechanisms for the Birth Weight Paradox

Using the North Carolina birth certificates, I find that foreign born Hispanic mothers have
considerably lower risk of adverse birth weight than white mothers. While foreign born Hispanic
mothers have slightly favorable birth weight outcomes in the bivariate model, their advantage over
non-Hispanic white mothers becomes more substantial when I account for socioeconomic status
and maternal age. Moreover, foreign born Hispanic mothers’ reduced risk of low birth weight is
mediated by longer pregnancies and lower rates of prenatal smoking vis-a-vis non-Hispanic white
mothers, overwhelming the negative effects of low socioeconomic status. These findings are
consistent with my conceptual model (see Figure 1).

Interestingly, the relationship between prenatal smoking and low birth weight is partially
suppressed by, rather than mediating through, gestational age, diverging from my conceptual model.
This suppression indicates that smoking has a stronger effect on impeding intrauterine growth than
on inducing early pregnancy. While foreign born Hispanics are not a homogenous group, they are
homogenous in prenatal smoking behavior (over 99% are nonsmokers). This population propensity
benefits these mothers in having relatively low rates of low birth weight.

U.S. born Hispanic mothers do not share the positive birth weight profile of foreign born
Hispanics; their birth weight profile resembles that of non-Hispanic whites. U.S. born Hispanics
acquire many of the same negative health behaviors as non-Hispanic white and non-Hispanic blacks,
such as smoking and poor diet, negatively influencing their birth weight profile.

High Birth Weight
While past research on birth weight usually concentrates on low birth weight, high birth

weight has been left relatively unexamined. Notably, non-Hispanic white mothers are at increased
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risk of unhealthy high birth weight in comparison to foreign born Hispanic, U.S. born Hispanic, and
non-Hispanic black mothers.

Non-Hispanic white mothers’ elevated risk of high birth weight could be explained by
racial/ethnic differences in height and obesity (Orskou et al. 2003; Shrutz et al. 2012). If a child’s
appropriate birth weight is relative to parental height, these births may not be of an unhealthy
weight. However, the use of a relatively high bar for high birth weight (4,500 grams) in lieu of a
lower bar (4,000 grams), should account for much of the variability due to parental height. It is
much more likely that high birth weight in my data are due to maternal obesity rather than height.
Updating Past Findings

My research finds more notable advantage for foreign born Hispanics in avoiding low birth
weight (vis-a-vis non-Hispanic whites) than previous literature on the birth weight “Paradox”
(Acevedo-Garcia et al. 2007; Leslie et al. 2003; Hessol and Fuentes-Afflick 2000; Fuentes-Afflick et
al. 1999; Fuentes-Afflick and Lurie 1997). Prior research finds that Hispanics have similar or even
slightly increased rates of low birth weight relative to non-Hispanic whites; in contrast, by using
iterative analysis my research finds reduced rates of very low, low, and high birth weight for foreign
born Hispanics in comparison with non-Hispanic whites."” Consistent with recent research on
Hispanic Paradox and mortality (Lariscy et al. 2015), I find that low socioeconomic status partially
suppresses foreign born Hispanics’ healthy birth weight profile.

Foreign born Hispanics’ healthy birth weight profile relative to that of U.S. born Hispanics
lends support to the healthy immigrant selectivity hypothesis. My analysis, however, only partially

resolves the “Paradox.” Prenatal smoking accounts for a portion of foreign born Hispanic mothers’

10 Supplemental analysis finds no difference in the relationship between race/ethnicity and birth weight for the two decades
of analysis (1990-2009). This analysis is available in an appendix on request from the authors.
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relatively low rates of low birth weight. However, the analysis does not explain foreign born
Hispanic mothers’ longer pregnancies. My only option is to speculate on possible mechanisms.

If foreign born Hispanic mothers are selected on better health, they may have decreased
chance of preterm birth vis-a-vis the average mother from the immigrants’ native country (and non-
Hispanic whites in the U.S.). Yet, the healthy immigrant hypothesis does not provide a plausible
mechanism. While cultural buffering through community support is possible, it is unlikely to be a
key factor in pregnancy length."' Possibly, these women have healthier diets than non-Hispanic
white mothers and Hispanic mothers born in the U.S."”* As previously mentioned, diet among
Hispanics becomes less healthy in subsequent generations of Hispanic Americans following
immigration to the U.S. (Guendelman and Adams 1995). The diet hypothesis is consistent with the
finding that U.S. born Hispanic mothers have increased risk of low birth weight relative to foreign
born Hispanic mothers.

Conclusion

My analysis finds a Hispanic Paradox in North Carolina. Foreign born Hispanic mothers
have reduced risk of giving birth to children with low, very low, and high birth weight vis-a-vis non-
Hispanic white mothers. The foreign born Hispanic advantage in low birth weight is explained by
low rates of prenatal smoking and longer pregnancies. The subsequent analysis was unable to
determine a mechanism for foreign born Hispanic mothers’ relatively long pregnancies.

My adoption of a more refined measure of birth weight allows for the examination of high
birth weight in the context of the Hispanic birth weight Paradox. Foreign born Hispanic mothers (as

well as Black and U.S. born Hispanic mothers) have reduced risk of high birth weight relative to

11 Research on preterm birth, social support, and stress has inconsistent findings. If anything, there is little support that
social support is associated with lower risk of preterm birth (Dole et al. 2003; Copper et al. 1996).

12 Healthy diet has been linked to reduced risk of preterm birth (Scholl et al. 1992; Siega-Riz et al. 2004; Mikkelson et al.
2008).
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non-Hispanic white mothers. While gestational diabetes is associated with an increased risk of high
birth weight, it is not an influential mechanism. Maternal obesity and height may account for non-
Hispanic white mothers’ relatively high rates of heavy births.

This research serves as an update on previous research on the Hispanic birth weight
Paradox. My findings indicate that Hispanics have a more clear advantage in birth weight than in
past research (Acevedo-Garcia et al. 2007; Leslie et al. 2003; Hesson and Fuentes-Afflick 2000;
Fuentes-Afflick et al. 1999; Fuentes-Afflick and Lurie 1997). Future research on the birth weight
“Paradox” may wish to examine shifting trends in birth weight by racial and ethnic groups and the

population level influence of nutrition on birth weight.
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APPENDIX
Using the parameter estimates derived from my first model, I calculated the predicted
probabilities of falling into a birth weight category (see Table 7). These predicted probabilities are

calculated with each independent variable held at its mean using this equation:

exp (ZBW Category)
1+ Z eXp(ZBW Category)

p(BW Category) =

Predicted probabilities from maternal education, maternal age, maternal age squared, and fixed

effects for each year of birth are not displayed with the results.
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Table 7: Multinomial Logit Model: Birth Weight Categories using Predicted Probabilities

Model 1 Model 2 Model 3
VLEBW LEW Mormal HEW VLEW LEW MNormal HEW VLEW LEW Normal HEW
TWhite 0.012 0.054 0.920 0.014 0.011 0.055 0921 0.013 0.011 0.052 0.924 0.013
Black 0.031 0.099 0.865 0.005 0.030 0.095 0.869 0.005 0.031 0.098 0.866 0.005
U.5. Bom 0.014 0.060 0.917 0.009 0014 0.057 0919 Q.010 0.014 0.060 0917 0.009
For. Born Hizp. 0.009 0.032 0.930 0.009 0.008 0.042 0.940 0.010 0.008 0.048 0.935 0.009
Mon-smoker 0014 0.057 0919 0.011
1-10 Cig. 0.020 0.097 0.879 0.005
11-20 Czg. 0.020 0118 0.861 0.004
Mozre than 20 0.029 0.119 0.850 0.002
Mo Duabetes 0014 0.061 0.916 0.010
Dizbetes 0.015 0.071 0.895 0.019
Model 4 Model 5
VLBW LEW Mormal HEW VLEW LEW Normal HEW
White 0.000 0.022 0.969 0.008 0.000 0021 0972 0.008
Black 0.000 0041 0.955 0.004 0.000 0.043 0.954 0.003
U.5. Born Hisp. 0.000 0.024 0.970 0.006 0.000 0.025 0.969 0.006
For. Born Hizp. 0.000 0.020 0.974 0.006 0.000 0.023 0.972 0.005
Non-smoker Q000 0.023 0.970 0.007
1-10 Cig. 0.000 0.047 0.950 0.003
11-20 Czg. 0.000 0.063 0.935 0.002
MMore than 20 0.000 0.064 0.935 0.001
Mo Duabetes 0.000 0.025 0.969 0.006
Dizbetes 0.000 0.015 0.963 0.017
Gest. Age (Weeks)
24 0996 0.004 Q.000 Q.000 0996 0.004 0.000 Q.000
28 0.8%0 0.109 0.000 0.000 0.8%0 0.109 0.000 0.000
32 0.1m 0.752 0.057 0.000 0.1%0 0.754 0.056 0.000
36 0.002 0.261 0.736 0.001 0.002 0.259 0.738 0.001
40 0.000 0.009 0.978 0.013 0.000 0.009 0.979 0.012
44 0.000 0.000 0.883 0.112 0.000 0.000 0.886 0.114
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