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Abstract 

The Presence of Maternal Hypertension as an Effect Modifier in the Relationship Between Intrapair Birth 
Weight Discordance and Infant Mortality in Live Twin Births. 

By Katherine Carssow 

Objective: To determine whether the presence of maternal hypertension interacts with intrapair twin 
birth weight discordance to affect the association between birth weight discordance and infant 
mortality among live twin births. 

Study Design and Methods: The study used the matched multiple birth data set compiled by the 
National Center for Health Statistics (NCHS), which contains matched records for all multiple births in 
the United States from national birth and death certificate data from 1995-2000.  Birth weight 
discordance was expressed as a percentage based on the weight of the larger twin, and classified into 5 
categories: <15%, 15-19%, 20-24%, 25-29%, and ≥30%.  Infant mortality was defined as any set of twins 
in which one or more members did not survive the first year of life.  Crude prevalence and odds ratios of 
infant mortality were calculated for each level of birth weight discordance, presence of maternal 
hypertension, and selected covariates.   

Results: The analysis used a total sample size of 289,953 live twin sets.  The crude rates of infant 
mortality in the highest and lowest categories of birth weight discordance were 9.4% and 2.5%, 
respectively.    The unadjusted association between weight discordance and infant mortality was 
significant both with and without considering the interaction between weight discordance and maternal 
hypertension. The association between maternal hypertension and birth weight discordance was also 
significant (OR 1.62, 95% CI 1.54-1.70).When the model associating death with birth weight discordance 
was adjusted for maternal demographics along with parity, placental abruption, gestational age, and 
presence of a congenital anomaly, the effect was attenuated. The p-value for the interaction term in the 
final model was p=0.70.  

Conclusion: Interaction between birth weight discordance and maternal hypertension does not appear 
to effect the association between weight discordance and infant mortality when important covariates 
are considered.   
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Chapter 1 

Background and Literature Review 

 

While the United States has experienced a notable decline in infant mortality over the past several 

decades, infant death is still a considerable public health concern and an important indicator of the 

health and wellness of a society.  In 2009 the infant mortality rate in the U.S. was 6.8 infant deaths per 

1000 births (1), compared with 100 infant deaths per 1000 live births in 1900 (2).  However, the U.S. 

infant mortality rate has seen very little decline since 2000 and remains high relative to other 

industrialized countries, with the U.S. ranking 29th in the world in infant mortality.  The plateau in the 

U.S. infant mortality rate is the first sustained period without decline since the 1950s.  Also of particular 

concern are the increasingly wide racial and socioeconomic disparities in infant mortality, suggesting a 

need for increased understanding of the risk factors related to infant death and effective means of 

prevention (2).   

Multiple risk factors for infant mortality have been identified and studied thoroughly.  Among the 5 

leading causes of infant death, preterm birth and maternal complications rank 2nd and 4th, respectively 

(3).  The most significant maternal complication of pregnancy is maternal hypertension, which 

contributes heavily to conditions that increase infant mortality.  Hypertensive disorders of pregnancy 

are classified as chronic hypertension, gestational hypertension, preeclampsia, and chronic hypertension 

with superimposed preeclampsia (4).   Current epidemiologic evidence suggests that hypertensive 

disorders of pregnancy complicate approximately 5-10% of pregnancies worldwide, and pose significant 

risks to maternal, fetal, and neonatal health.  Potential risks to infants of hypertensive mothers are 

related to two main etiologies: preterm birth and inadequate placental perfusion (7, 9). Preterm birth, 

defined as a delivery prior to 37 weeks gestation, causes up to 75% of perinatal, neonatal, and infant 
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mortality in the U.S. (8).  Maternal hypertension often necessitates the induction of labor before 37 

weeks gestation to prevent maternal and fetal complications (9).   

  Placental vasoconstriction decreases blood flow to the fetus, causing growth restriction such that 

infants of hypertensive mothers are often small for gestational age and exhibit immature organ 

functioning (4,5,7). The vasoconstriction also leads to frequent complications that cause spontaneous 

preterm labor without other discernible causes.  Maternal hypertension is a direct factor in two of the 

leading causes of infant mortality and often causes multiple complications, making it imperative to 

consider when examining other factors related the adverse neonatal outcomes. 

Twin gestations have an infant mortality rate that is more than five times the rate for singleton 

gestations (3).  According to the CDC’s linked birth/infant death data, multiple births accounted for 15% 

of all infant deaths in 2005, but only accounted for 3% of live births (2,3).  Women carrying twins are at 

an increased risk of developing gestational hypertension.  A study of 3650 pregnancies comparing 

hypertensive disorders in singleton versus twin gestations found a 12.9% pregnancy-specific prevalence 

of hypertension among women carrying twins versus 6.3% in singleton pregnancies (10).  The study also 

found that among the pregnancies where the mother developed hypertension, the risk of adverse 

pregnancy outcomes were higher among women carrying twins even when controlling for systolic and 

diastolic blood pressure.  For example, among pregnancies with gestational hypertension, the risk of 

delivering before 35 weeks gestation was considerably higher among twin gestations than singleton 

gestations (RR=11.27; 3.37-37.68) (10).  In the presence of preeclampsia, the risks of adverse outcomes 

such as lower birth weights, lower gestational ages at delivery, and risk of cesarean section remain 

higher among twins versus singletons as well.  While the incidence of hypertension and adverse 

pregnancy outcomes are higher in twin pregnancies versus singletons, among twin pregnancies the 

mothers who remained normotensive had a higher likelihood of delivering at an earlier gestational age, 



6 
 

suggesting that in twin pregnancies the development of hypertension might have a protective effect.  

Another possibility is that because hypertension is multifetal pregnancy might increase the risk of fetal 

death, therefore the twins born alive after a hypertensive pregnancy were already at a relatively lower 

risk of neonatal death due to some other protective factor than twins born alive to normotensive 

mothers.  Entry into the study required that both twins were born alive, so the exclusion of fetal deaths 

could have excluded the individuals at highest risk of neonatal death had they survived to delivery.     

In recent years, there has been extensive research into the causes and consequences of intrapair birth 

weight discordance in twins (13).  Weight discordance is defined as any disparity in the weight of the 

larger twin and the smaller twin in a set, but the level at which the discordance becomes clinically 

significant has been debated.  The most frequent determination is that a 15% discordance based on the 

weight of the larger twin is the most reliable cutoff when considering clinically significant discordance 

(13,24).  The majority of studies determine discordance based on the weight of the larger twin, and 

consider a difference of 15%-24% moderate discordance and ≥25% severe discordance (19,24).  

Epidemiologic investigation has found that approximately a quarter of twins are at least 15% discordant 

(13).   

Intrapair birth weight discordance is an important factor in perinatal research because it contributes 

significantly to fetal and infant death (12-15,17,19).  Yalcin et al studied 357 twin live births and found 

that 33% of sets with >30% weight discordance resulted in neonatal mortality, compared with only 1.5% 

of sets with <10% weight discordance (27).   While some studies have found that the risk of neonatal 

mortality is not directly increased by the presence of weight discordance (28), the mixed results are 

often due to differing definitions of weight discordance and difficulty controlling for extraneous factors.  

Severely weight discordant twins are often small for gestational age, so in assessing neonatal mortality it 

is difficult to determine the role of weight discordance versus the effects of lower birth weights. One 
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study of 329 sets of twins found that approximately two-thirds of twins with ≥30% weight discordance 

were also small for gestational age, and low birth weight is one of the strongest known risk factors for 

neonatal mortality (29).  Despite conflicting reports of the direct risks attributable to weight 

discordance, most researchers agree the weight discordance often indicates suboptimal growth and 

developmental compromise in one or both twins in a set, and should be considered a potential risk 

factor for adverse perinatal outcome and neonatal mortality (30).  

Given the conflicting results regarding the link between intrapair birth weight discordance and 

subsequent neonatal mortality, it is important to continue exploring the mechanisms related to weight 

discordance and the associated risks to the infant.  Given that fetal development and neonatal 

outcomes are complex and inextricably linked to maternal conditions, one has to consider the maternal 

factors in researching risk factors for neonatal mortality.  Gonzalez-Quintero et al (2003) explored the 

potential antenatal factors associated with discordant growth in twin pregnancies, and found that 

preeclampsia was associated with severe weight discordancy (adjusted odds ratio, 1.70, 95% CI 1.21-

2.41) after adjusting for parity and placental membranes (23).  Various other studies have found that 

placental pathology and factors that impair optimal placental blood flow can contribute to severe 

weight discordance (38, 40). The etiology of maternal hypertension and the association between 

hypertension and multiple pregnancies suggests that birth weight discordance may have different 

implications in cases where the weight discordance is related to hypertension and cases where weight 

discordance is associated with other developmental factors.  The purpose of this study is to examine the 

association between intrapair birth weight discordance and neonatal mortality while considering the 

presence and severity of maternal hypertension as a potentially significant modifier.   

Many maternal and infant covariates are important to consider when analyzing infant mortality as an 

outcome.  Maternal demographics such as age, race, and level of education all have an impact on 
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neonatal outcomes (2-3, 23).  Maternal medical history and complications are important predictors of 

pregnancy and neonatal outcomes (2-3).  Placental abruption, when the placenta separates from the 

uterine lining, is a major cause of preterm birth and poor perinatal and neonatal outcomes, and has 

been estimated to effect between 10%-40% of preterm births (41).   Maternal parity (number of living 

children) is strongly associated with the risk of adverse pregnancy outcomes (2,3).  Preterm birth is 

unarguably the most important infant risk factor when looking at neonatal outcomes (2).  Because 

maternal factors are an important component in the cause and severity of preterm birth, it is essential 

to examine a combination of both maternal and infant risk factors in analyzing potential associations 

with infant mortality.  

 

 

 

 

 

 

 

 

 

 

 



9 
 

Chapter 2 

Methods 

Study Hypothesis: 

This study used a cohort follow-up design to test the hypothesis that maternal hypertension during 

pregnancy and twin birth weight discordance interact to increase the risk of infant mortality among twin 

gestations.   

 

Sample and Study Population: 

The data used in this study is drawn from the matched multiple birth data set, which was compiled by 

the National Center for Health Statistics (NCHS).  This data set contains matched records for all multiple 

births in the United States from national birth and death certificate data from 1995-2000.  To match the 

separate members of one set of multiples, each member was given a unique set identification number, 

allowing for the analysis of a complete set of multiples rather than individual member separately.  The 

data provides maternal information such as age, race, parity, demographics, lifestyle, and medical risk 

factors, as well as infant characteristics such as gestational age at birth, sex, birth weight, congenital 

anomalies, and many others.  Because the data also links death certificate data for each matched set on 

multiples, information about infant mortality for individuals within a set or for the set as a whole can be 

ascertained as well.  The NCHS reports that 98% of multiple birth records were successfully linked within 

the data (32).  While standard natality records do not enable the matching of individual members of a 

set of multiples, this data presents the opportunity to analyze characteristics and differences between 

all members within a set.      
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The data contains 325,516 sets of twins, 12,157 sets of triplets, and 760 sets of quadruplets.  For this 

analysis only twin gestations are considered, so the members of higher-order sets of multiples were 

excluded (n=40,660).  Additionally, records of unmatched twins were excluded (n=8520).  Based on 

findings from a thorough literature review, records with the following characteristics were also 

excluded: missing birth weight (n=3885), missing gestational age at birth (n=7,029), missing maternal 

race (n=5039), fetal death within the set (n=14,413), gestational age less than 23 weeks or greater than 

41 weeks (n=22,637), birth weight less than 300 grams (n=3,508), and implausible gestational age and 

birth weight combinations.  The original data is organized so that each member of a set is an individual 

observation.  This study aimed to analyze the twin pair rather than the individual members, so the data 

was merged based on the set ID numbers so that each observation represented a twin set with 

information regarding two individual infants and one mother.   To further ensure accurate analysis, twin 

sets with the following characteristics were excluded: inconsistent maternal age within the set 

(n=6,746), inconsistent maternal race within the set (n=6,271), and inconsistent gestational age within 

the set (n=18,045). The final data set included 289,953 sets of twins, including 8,790 sets in which a 

neonatal or infant death occurred.   

 

Variables: 

The outcome variable of interest was neonatal or infant death within the twin set, defined as death of a 

live born infant within the first year of life.  The matched multiple birth data set contains a “birthid” 

variable which denotes sets of live multiple births where all members survived the first year of life and 

live multiple births where one or more members did not survive the first year of life.  This variable was 

used to create a dichotomous mortality variable, where a positive value indicated that one or more 

members of a set did not survive the first year.  To check for consistency across the data, this variable 
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was tabulated with “age of death in days” and the ICD (9th revision) cause of death variables within the 

set.   All of the sets in which a death was indicated also contained information regarding age at death 

and cause of death.   Because this study sought to analyze the set of twins rather than the individual 

members within a set, a positive value for infant death included any case in which either member did 

not survive the first year.  Sets in which both members did not survive the first year were categorized 

into the same group as sets where one twin survived the first year and one did not.   

The main exposure variable of interest was birth weight discordance. Once the data was merged so that 

each observation represented a complete set of live born twins, the total intra-pair birth weight 

difference in grams was calculated for each set.  The number was then divided by the weight in grams of 

the larger twin within the set to obtain a discordance percentage.  Using these percentages, birth weight 

discordance was classified into 5 categories: >15% (reference category), 15-19%, 20-24%, 25-29%, and 

≥30%.  The use of this particular categorization was chosen after a literature review, focusing specifically 

on studies that used the matched multiple birth data set (17, 19).     

The secondary exposure variable of interest was maternal hypertension.  The matched multiple birth 

data reports information on three classes of maternal hypertension: chronic hypertension, pregnancy-

induced hypertension, and ecclampsia.  Distributions were calculated for each category separately, and 

then a new variable was created to account for any type of hypertension reported during the pregnancy 

(see Table 1).  A positive value in the new category indicated that one or more types of hypertension 

were reported during the pregnancy, so sets where more than one type was reported were given the 

same weight as those where only one type was reported.   

Covariates 

All information in the matched multiple birth data set is based on what is documented on the birth 

certificate or death certificate of the individual infant.  Maternal race was categorized as white, black, or 
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other.  Maternal age was classified into 5 different categories: <20 years, 20-24 years, 25-29 years, 30-35 

years, and >35 years.  Maternal education was categorized as (1) less than high school, (2) completed 

high school, (3) some college, (4) completed college or greater, and (5) unknown.  Gestational age at 

delivery is reported based on either mother’s last menstrual period or clinical ultrasound, depending on 

the method recorded on the birth certificate.  Gestational age was categorized into 4 classes: <28 weeks, 

28-32 weeks, 33-36 weeks, or ≥37weeks.  The data also reported information on any congenital 

anomalies that were recorded on the infant birth or death certificate.  The data contains specific 

information about 21 different congenital anomalies, as well as a category for any other unknown or 

unspecified anomalies.  Distributions were calculated for each anomaly separately, and a new variable 

created to represent the presence of any type of anomaly.  Presence of congenital anomaly was further 

classified as present, not present, or unknown or unspecified.  Maternal parity was categorized as either 

nulliparous or multiparous.  Adequacy of prenatal care was classified as either (1) early prenatal care 

(entry in to prenatal care during the first trimester), (2) late prenatal care (entry into prenatal care after 

the first trimester), or (3) no prenatal care or unknown.  Placental abruption was classified as present, 

not present, or unknown.   

 

Statistical Analyses 

The data was analyzed using SAS version 9.3 (SAS institute, Cary, NC).   Associations between the 

outcome (infant mortality), birth weight discordance, maternal hypertension, and potential covariates 

were assessed using crude mortality risk and obtaining ORs for the exposures and outcome. .  Stratified 

analysis was conducted using the Breslow-Day test for homogeneity to evaluate possible effect 

modification.  Mantel-Haenszel adjusted odds ratios were also calculated to evaluate possible 

confounding (> 10% change in the odds ratios). Covariates considered as potential confounders by these 
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methods and the literature included: maternal race, maternal age, maternal education, adequacy of 

prenatal care, gestational age at delivery, parity, presence of a congenital anomaly, and presence of 

placental abruption.  Effect modification was assessed for selected interactions that were biologically 

plausible, which included birth weight discordance with maternal hypertension, gestational age with 

birth weight discordance, and maternal age with gestational age. Unconditional logistic regression 

models were used to evaluate associations between birth weight discordance and infant mortality. 

Maternal and infant risk factors were added to the model and eliminated in a step-wise method.   

Interaction terms were tested for statistical significance using likelihood ratio tests and were kept in the 

model if p<0.05.   

 

Results 

The characteristics and medical risk factors among the twin sets stratified by 5 levels of birth weight 

discordance are shown in Table 1.  A total of 289,953 sets of twins were available for analysis.  Of these 

sets, 213,024 (73.5%) were <15% discordant, 28,022 (9.6%) were 15-19% discordant, 22,310 (7.7%) were 

20-24% discordant, 12,323 (4.2%) were 25-29% discordant, and 14,274 (4.9%) were ≥30% discordant.    

In the four separate categorizations of maternal hypertension, the crude prevalence of birth weight 

discordance was highest amongst sets in which maternal hypertension was present.  Severe birth weight 

discordance (≥30%) was most prevalent among sets where the mother was either <20 years old or >35 

years old.  The crude prevalence of severe birth weight discordance was highest among preterm births, 

with the lowest prevalence being seen in gestational ages of ≥37 weeks.  Crude prevalence of severe 

birth weight discordance was markedly higher among sets in which a congenital anomaly was present.  

The crude prevalence of infant mortality stratified on 5 levels of birth weight discordance showed a 

progressive increase in mortality with increasing birth weight discordance.  Among severely weight 
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discordant twins, the crude mortality rate was 9.4%, compared with 2.5% in the lowest discordance 

category.   

Table 2 shows the crude infant mortality rates (per 100 live births) by the exposure variables and 

covariates.  The infant mortality rate was highest in the most birth weight discordant group. Across all 

levels of maternal hypertension, the infant mortality rate was highest amongst the sets where maternal 

chronic hypertension was present, but lower for sets where pregnancy-induced hypertension is present.  

A possible explanation for this inconsistency is that birth certificate is  could be inaccurate when 

differentiating between preexisting hypertension and hypertension that is purely pregnancy-induced  

This possibility is supported by studies examining the reliability of birth certificate data (34, 44).  Among 

the 3 included racial categories, black mothers had the highest crude infant mortality rate.  The crude 

infant mortality rate was also markedly increased among the following groups:  young maternal age (<20 

years), preterm births, and births where a congenital anomaly was present.  Table 3 shows the infant 

mortality rates by birth weight discordance stratified by maternal hypertension.  The infant mortality 

rate increased with increasing birth weight discordance, however the highest infant mortality rates were 

seen amongst non-hypertensive mothers and those with unknown hypertensive status.   Table 3 also 

allows for the calculation of rate ratios (RRs) between hypertensive and non-hypertensive mothers for 

each category of birth weight discordance.  The RR in the most severely discordant category was 1.25, 

compared with 1.91 in the least discordant category, suggesting possible effect measure modification of 

birth weight discordance and mortality by maternal hypertension.    

 

Multivariate logistic regression models were used to assess the association between birth weight 

discordance and infant mortality (Table 4 and Table 5).  The unadjusted odds showed a progressive 

increase in the odds ratio (OR) as the level of birth weight discordance increases (Table 4).  Adjusting for 
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demographic factors (Model 2: maternal age, maternal race, and maternal education) strengthened the 

association between birth weight discordant and mortality.  In Model 3, adjusting for maternal and 

infant risk factors resulted in an attenuation of the OR for the highest level of birth weight discordancy 

(≥30%) and a slight decrease in the OR for all other levels of birth weight discordance. Table 5 displays 

the results after an interaction term was included in the model to assess the interaction between birth 

weight discordancy and maternal hypertension.  When the interaction term was included and 

demographic factors were added to the model, the ORs increased slightly for all levels of birth weight 

discordance among sets where maternal hypertension was present or information on maternal 

hypertension was missing.  The observations in which information on maternal hypertension was 

classified as missing showed the most observable difference between the levels of birth weight 

discordance. 

Table 5 shows the results of multivariate analysis for the association between birth weight discordance 

and infant mortality adjusting for the interaction of maternal hypertension and birth weight 

discordance.  Selected modeling output is reported in the table to demonstrate the significant effect 

modification of discordance by presence of maternal hypertension.   Respective to the ORs found in 

table 4, where the interaction between maternal hypertension and birth weight discordance is not 

included, the results showed an increase in the value of the OR across every level of birth weight 

discordance in sets where maternal hypertension is present.  A p-value for the interaction term is 

included for each model presented in Table 5 to demonstrate that the interaction term was significant in 

the early models and ceased to be significant in the final model.  After adjusting for maternal and infant 

risk factors, the ORs across all levels of birth discordance and maternal hypertension were attenuated.   

Among the observations in which information about maternal hypertension is missing, the disparities 

between levels of birth weight discordance are the most notable. Adjusting for maternal demographic 

factors does not notably affect the ORs respective to the unadjusted model. When adjusted for 
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maternal and infant risk factors along with medical risk factors, the ORs are decreased across all levels of 

birth weight discordance.  Overall, the association between birth weight discordance appears to 

increase with increasing birth weight discordance, however the effect is notably attenuated when 

adjusted for the following maternal and infant risk factors:  gestational age at delivery, maternal parity, 

presence of placental abruption, and presence of a congenital anomaly.   

Because the observations where information on maternal hypertension was missing appeared to 

influence the ORs between birth weight discordance and infant mortality, the same logistic regression 

models were run omitting the observations where maternal hypertension was missing.  Compared with 

the results in which missing values were included, the ORs were decreased across all levels of birth 

weight discordance when the missing values of maternal hypertension were excluded.     

 

Discussion 

 This study was intended to assess whether the presence of maternal hypertension affects the 

association between birth weight discordance and infant mortality among twin pregnancies.  The results 

suggest that intra-pair birth weight discordance is strongly associated with subsequent infant mortality, 

after adjusting for maternal and infant risk factors such as maternal demographics, maternal medical 

complications, parity, gestational age at delivery, and presence of a congenital anomaly.  The presence 

of maternal hypertension also appears to be associated with risk of infant mortality, although in 

observations where information regarding maternal hypertension is missing the risk appears to be 

greater than when hypertension was present (crude infant mortality rates of 3.56 and 3.14, 

respectively).   After the addition of an interaction term to assess for interaction between maternal 

hypertension and birth weight discordance, the initial results suggested that the association between 

birth weight discordance and infant mortality was amplified in the presence of maternal hypertension, 
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In interaction models, among hypertensive mothers the OR for the most severely birth weight 

discordant group compared to the least discordant group was 6.02 (95% CI 4.90-7.41); in contrast in 

models without the interaction the adjusted association of the most discordant compared to the least 

discordant controlling for hypertension was 3.98 (95% CI 3.75-4.24).  After adjusting for maternal 

demographic factors the results remained similar, however the addition of maternal and infant medical 

risk factors (placental abruption, parity, gestational age, and presence of a congenital anomaly) resulted 

in an attenuation of the ORs across all levels of birth weight discordance and all categories of maternal 

hypertension.  The addition of medical risk factors also increased the p-value of the interaction term to 

p=0.699, suggesting no significant interaction between birth weight discordance and maternal 

hypertension on subsequent infant mortality when controlling for other important risk factors.   

Twin sets where information on maternal hypertension was missing appeared to have the most 

observable differences in ORs across all levels of birth weight discordance, suggesting that these 

observations could significantly affect the overall associations found between maternal hypertension, 

birth weight discordance, and infant mortality.  A potential explanation for this result could lie in the 

importance of adequacy of birth certificate data.  Studies examining the importance of birth certificate 

completeness have found that incomplete birth certificates are a marker for high-risk mothers and 

vulnerable infants (34-36).  This explanation is logical because an incomplete birth certificate could 

indicate a general lack of medical care or ability to accurately recount past medical history.  Gould et al 

(2002) reported that incomplete birth certificates were “most common in the case of women at high risk 

for poor perinatal outcomes and infants dying within the first day.”  Although the inclusion of 

observations with missing information on maternal hypertension caused less clear results in this study, it 

is important to consider this high-risk group to accurately assess the risk of infant mortality.   
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It is important to consider the limitations of this study when interpreting the results.  The initial 

exclusions that were necessary to perform an analysis could have caused an exclusion of many high-risk 

twin pairs with incomplete birth certificates.  This study considered the twin pair as the unit of analysis 

instead of the individual member of the set, so information about individual risk is lost. Because the 

study used vital statistics data, many potential risk factors were not available for analysis.  Information 

about chorionicity and zygosity are not available, and studies have determined these to be important 

factors affecting fetal development and neonatal outcome in twin pairs (37).  Smoking during pregnancy 

is a well-documented risk factor for poor infant outcomes, low birth weight, and exacerbation of 

maternal hypertensive disorders (38-40).  However, the information regarding smoking available in this 

data did not appear to be accurate or sufficient enough to be included in the analysis, likely due to 

underreporting of smoking in basic birth certificate data (40).  The advantages of the data used include 

having a large sample size, a large sample of infant deaths, and the large number of maternal and infant 

variables available for analysis. 

  



19 
 

Chapter 3 

Public Health Implications 

Infant mortality remains a very important public health concern and indicator of the overall health of a 

society.  While the United States is at the forefront of many medical advances and public health 

initiatives, the infant mortality rate still reflects a need to improve the screening and treatment of 

pregnant women, especially in the case of multifetal pregnancies (1).  A major hindrance to advances in 

this area is a lack of understanding of fetal development and the causes of the most important 

determinant of neonatal outcomes, which is preterm birth. A multitude of maternal factors seem to 

contribute to preterm birth, low birth weight, and adverse neonatal outcomes, so it is imperative that 

ample research is dedicated to parsing through the many possible risk factors that are contributing to 

the high infant mortality rate.   

Another factor to consider is the implication of the increasing use of assisted reproductive technology 

(ART).  Reynolds et al (2003) examined trends in the use of ART and its’ effect on multiple pregnancies, 

and suggest that the use of ART is becoming an increasingly important cause of multiple pregnancy.  

Because the use of the technologies is on the rise, twins could become an increasingly common, so it is 

imperative to continue to explore the unique risks faced by these infants and their mothers.   

 

This study was designed to contribute to the ongoing research into causes of infant mortality.  Because 

multifetal pregnancies have a significantly increased risk of adverse neonatal outcomes (2-4), the study 

was unique to twins and considered the specific risks involved that multifetal pregnancy poses on 

maternal health and ability to maintain a safe pregnancy.  Birth weight discordant twins have an even 

great risk of poor outcomes. Hollier et al (1999) found that severely weight discordant twins were more 
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like to have adverse perinatal outcomes, even after controlling for gestational age and weight of each 

individual twin (39).  While infant mortality is a clear and easily measured poor pregnancy outcome, it is 

important to consider other negative consequences of birth weight discordance.  Babson et al (1973) 

carried out a study to test the long-term outcomes of birth weight discordant twins, and found that 

members of weight discordant sets showed significant differences in height, weight, head 

circumference, and significant differences in intelligence based on standardized intelligence measures 

compared with members of non-discordant sets.  Os et al (2001) observed a link between weight 

discordant twins and subsequent problem behavior in children, which often persists into adulthood. 

 Because maternal hypertension is often exacerbated by multiple pregnancy, and maternal hypertension 

further complicates fetal growth and development, it seemed pertinent to examine how the presence of 

maternal hypertension.   The results of this study reinforce the need for further inquiry into risk factors 

for infant mortality in twin pregnancies.  In the literature review, it was apparent that most studies of 

twins still analyze the individual twins rather than the pair as one singular unit of analysis.  The 

availability of the matched multiple birth file offers future researchers the opportunity to analyze the 

pair as a whole, which could potentially reveal new information about twins and the risks involved in 

twin pregnancies.   
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Table 1. Distributions of Maternal and Newborn Characteristics by Birth Weight Discordance

Birth Weight Discordance

<15% 15-19% 20-24% 25-29% ≥30% 

N=289,953 (n=213,024) (n=28,022)  (n=22,310) (n=12,323) (n=14,274)

Maternal Race

White (n=230,126) 73.5% 9.7% 7.7% 4.3% 4.9%

Black (n=48,593) 73.7% 9.6% 7.8% 4.2% 4.8%

Other (n=11,234) 72.7% 9.6% 7.7% 4.5% 5.5%

Maternal Hypertension

Hypertension-All Categories

Present (n=28,608) 67.9% 10.7% 9.2% 5.3% 7.0%

Not Present (n=257,632) 74.1% 9.5% 7.5% 4.1% 4.7%

Missing (n=3,713) 73.4% 10.1% 7.0% 4.7% 4.9%

Chronic Hypertension

Present (n=2,984) 67.5% 10.1% 8.3% 5.3% 8.7%

Not Present (n=283,256) 73.5% 9.7% 7.7% 4.2% 4.9%

Missing (n=3,713) 73.4% 10.1% 7.0% 4.7% 4.9%

Pregnancy-induced Hypertension

Present (n=23,837) 68.0% 10.7% 9.3% 5.4% 6.6%

Not Present (n=262,403) 74.0% 9.6% 7.6% 4.1% 4.8%

Missing (n=3,713) 73.4% 10.1% 7.0% 4.7% 4.9%

Ecclampsia

Present (n=2,880) 66.3% 11.3% 9.6% 5.1% 7.8%

Not Present (n=282,524) 73.5% 9.6% 7.7% 4.2% 4.9%

Missing (n=3,713) 73.4% 10.1% 7.0% 4.7% 4.9%

Maternal Age

<20 (n=19,303) 74.3% 9.1% 7.5% 4.2% 5.0%

20-24 (n=54,310) 75.2% 9.3% 7.2% 3.9% 4.4%

25-29 (n=78,109) 74.0% 9.7% 7.5% 4.2% 4.6%

30-35 (n=96,410) 73.0% 9.8% 7.9% 4.3% 5.1%

>35 (n=41,821) 71.0% 10.0% 8.4% 4.6% 6.0%

Maternal Education

Less than high school (n=44,327) 74.3% 9.4% 7.5% 4.1% 4.8%

High school (n=86,882) 73.7% 9.6% 7.7% 4.2% 4.8%

Some college (n=66,060) 73.8% 9.6% 7.5% 4.3% 4.8%

College or Greater (n=87,468) 72.7% 9.9% 7.9% 4.4% 5.2%

Unknown (n=5,216) 73.1% 9.6% 7.9% 4.6% 4.9%

Gestational Age at Delivery

<28 weeks (n=9,582) 71.3% 9.0% 7.3% 4.2% 8.2%

28-32 weeks (n=30,785) 68.0% 8.8% 8.2% 5.0% 10.0%

33-36 weeks (n=121,383) 72.4% 9.8% 8.0% 4.5% 5.3%

≥ 37 weeks (n=128,203) 76.0% 9.8% 7.3% 3.8% 3.0%

Congenital Anomaly

Present (n=4,937) 61.9% 9.9% 9.9% 6.5% 11.9%

Not Present (n=273,719) 73.8% 9.7% 7.7% 4.2% 4.8%

Missing or not classified (n=11,297) 71.8% 9.9% 7.9% 4.4% 6.0%

 Prenatal Care

No Prenatal Care (n=2,626) 72.8% 10.0% 7.5% 3.4% 6.3%

Prenatal Care in First Trimester (n=241,901) 73.5% 9.7% 7.7% 4.2% 4.9%

Prenatal Care After First Trimester (n=34,111) 74.2% 9.5% 7.4% 4.3% 4.4%

Missing (n=11,315) 71.9% 10.0% 7.7% 4.5% 5.9%

Parity

Nulliparous (n=107, 789) 73.7% 9.7% 7.6% 4.2% 4.8%

Multiparous (n=151, 891) 73.5% 9.7% 7.7% 4.2% 4.9%

Missing (n=30,273) 73.0% 9.6% 8.1% 4.3% 5.2%

Placental Abruption

Yes (n=3,696) 73.4% 9.6% 7.8% 4.4% 6.0%

No (n=283,453) 73.5% 9.7% 7.7% 4.3% 4.9%

Missing (n=2804) 72.9% 9.6% 7.4% 4.6% 5.2%

Infant Mortality Rate* 2.5% 2.9% 3.1% 4.3% 9.4%

 *Percentage of sets within the birth weight discordance category where at least oneinfant did not survive the first year of life.



Table 2: Distribution of Infant Mortality Rates* (per 100 births)

Birth Weight Discordance

<15% 2.54

15-19% 2.87

20-24% 3.14

25-29% 4.3

≥30% 9.41

Maternal Race

White (n=230,126) 2.7

Black (n=48,593) 4.88

Other (n=11,234) 2.71

Maternal Hypertension

Hypertension-All Categories

Present (n=28,608) 1.96

Not Present (n=256,847) 3.14

Missing (n=3,713) 3.56

Chronic Hypertension

Present (n=2,984) 3.85

Not Present (n=283,256) 3.02

Missing (n=3,713) 3.56

Pregnancy-induced Hypertension

Present (n=23,837) 1.67

Not Present (n=262,403) 3.15

Missing (n=3,713) 3.56

Ecclampsia

Present (n=2,880) 2.81

Not Present (n=282,524) 3.03

Missing (n=3,713) 3.56

Maternal Age

<20 (n=19,303) 5.78

20-24 (n=54,310) 4.04

25-29 (n=78,109) 2.94

30-35 (n=96,410) 2.35

>35 (n=41,821) 2.19

Maternal Education

Less than high school (n=44,327) 4.25

High school (n=86,882) 3.38

Some college (n=66,060) 2.79

College or Greater (n=87,468) 2.16

Unknown (n=5,216) 4.72

Gestational Age at Delivery

<28 weeks (n=9,582) 43.34

28-32 weeks (n=30,785) 6.36

33-36 weeks (n=121,383) 1.36

≥ 37 weeks (n=128,203) 0.8

Congenital Anomaly

Present (n=4,937) 17.16

Not Present (n=273,719) 2.74

Missing or not classified (n=11,297) 3.89

Prenatal Care

No Prenatal Care (n=2,626) 10.78

Prenatal Care in First Trimester (n=241,901) 2.81

Prenatal Care After First Trimester (n=34,111) 3.35

Missing (n=11,315) 4.99

*Infant mortality refers to sets in which one or more infants did not survive the first year of life



Table 3.

Infant Mortality Rate by Birth Weight Discordance Among Hypertensive Mothers

Discordance Mortality Rate (per 100 live twin births)

<15% 1.38

15-19% 1.86

20-24% 1.64

25-29% 2.7

≥30% 7.75

Infant Mortality Rate by Birth Weight Discordance Among Non-Hypertensive Mothers

Discordance Mortality Rate( per 100 live twin  births)

<15% 2.64

15-19% 3.01

20-24% 3.34

25-29% 4.51

≥30% 9.66

Infant Mortality Rate by Birth Weight Discordance (Hypertension unknown)

Discordance Mortality Rate( per 100 live twin  births)

<15% 3.46

15-19% 1.78

20-24% 3.68

25-29% 5.21

≥30% 10.5



Birth Weight Discordance Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

<15% (reference) 1.00 1.00 1.00

15-19% 1.13 1.05 1.22 1.17 1.08 1.26 1.19 1.09 1.30

20-24% 1.24 1.15 1.35 1.27 1.17 1.38 1.23 1.12 1.35

25-29% 1.72 1.57 1.89 1.74 1.58 1.92 1.72 1.55 1.91

≥30% 3.98 3.75 4.24 4.20 3.94 4.48 2.92 2.72 3.15

†Selected modeling output represented in the table

*Matched Multiple Birth Data Set, 1995-2000

Model 1: Unadjusted

Model 2:  Adjusted for demographic factors: maternal age, race, and education

Model 3: Adjusted for demographic factors, along with gestational age at delivery, parity, placental abruption,and presence of a congenital anomaly.  

Table 4.  Odds ratio and confidence intervals using 

logis�c regression modeling† for MMB 1995-2000*, 

with death as the outcome varaible and birth weight 

discordance as the main exposure variable.



Birth Weight Discordance Model 1 Model 2 Model 3

Where Hypertension is Present OR 95% CI OR 95% CI OR 95% CI

<15% (reference) 1.00 1.00 1.00

15-19% 1.36 1.02 1.81 1.45 1.08 1.95 1.24 0.91 1.69

20-24% 1.19 0.86 1.65 1.21 0.87 1.70 1.00 0.71 1.42

25-29% 1.99 1.43 2.78 2.12 1.51 2.99 1.55 1.08 2.23

≥30% 6.02 4.90 7.41 6.41 5.18 7.94 2.86 2.27 3.60

    Where Hypertension is not Present

<15% (reference) 1.00 1.00 1.00

15-19% 1.14 1.05 1.23 1.17 1.08 1.27 1.19 1.09 1.30

20-24% 1.27 1.17 1.38 1.30 1.19 1.42 1.25 1.14 1.38

25-29% 1.75 1.59 1.92 1.75 1.59 1.94 1.75 1.56 1.95

≥30% 3.94 3.68 4.20 4.12 3.85 4.41 2.94 2.72 3.18

    Where Hypertension is Missing

<15% (reference) 1.00 1.00 1.00

15-19% 0.48 0.21 1.10 0.57 0.25 1.33 0.39 0.08 1.84

20-24% 1.05 0.52 2.12 1.05 0.50 2.20 1.78 0.44 7.14

25-29% 1.22 0.56 2.67 1.23 0.53 2.87 0.61 0.09 4.00

≥30% 3.66 2.20 6.10 4.55 2.70 7.63 2.42 0.86 6.80

p-value for interaction term** 0.005 0.006 0.699

†Selected modeling output represented in the table

*Matched Multiple Birth Data Set, 1995-2000

**Interaction between maternal hypertension and birth weight discordance

Model 1: Unadjusted model of infant death on birth weight discordance and including the interaction between maternal hypertension and birth weight discordance.

Model 2:  Adjusted for demographic factors: maternal age, race, and education

Model 3: Adjusted for demographic factors, along with gestational age at delivery, parity, placental abruption,and presence of a congenital anomaly

Table 5.  Odds ra�o and confidence intervals using logis�c regression modeling† for MMB 

1995-2000*, with death as the outcome varaible and birth weight discordance as the main 

exposure variable, and including the interaction between birth weight discordance and 



Model 1: Unadjusted model of infant death on birth weight discordance and including the interaction between maternal hypertension and birth weight discordance.


	fin
	T1
	T2
	T3
	T4
	T5

