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Abstract

Objectives—To compare the association between neighborhood Latino immigrant concentration 

and infant mortality by maternal nativity among singleton births to Mexican-origin women in Los 

Angeles County.

Methods—Information about births, infant deaths, and infant and maternal characteristics were 

obtained from geocoded Los Angeles County vital statistics records (2002–2005). Linked data on 

neighborhood characteristics (census tracts) were obtained from the 2000 Census. Logistic 

regression models were used to predict infant mortality while accounting for spatial clustering by 

census tract.

Results—Two-thirds of births to Mexican-origin mothers were to foreign-born women. Foreign-

born mothers were older, had less education, and were more likely to have delivery costs paid by 

Medicaid than US-born mothers. Infants born to foreign-born women had a lower infant mortality 

rates than infants born to US-born women (3.8/1000 live births vs. 4.6, p=.002)). Among infants 

of foreign-born mothers, the odds of infant mortality increased with increasing immigrant 

concentration (OR: 1.29; 95%CI: 1.01–1.66). There was a similar pattern of association between 

immigrant concentration and mortality for infants of US-born mothers (OR: 1.29; 95% CI: 0.99–

1.67).
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Conclusions—In Los Angeles County, the odds of infant mortality among foreign-born 

Mexican-origin Latina were higher in higher-density immigrant neighborhoods, with a similar 

trend among US-born mothers. Thus, living in immigrant enclaves likely does not help to explain 

the lower than expected infant mortality rate among infants born to Latina women. Instead, higher 

neighborhood Latino immigrant concentration may indicate a neighborhood with characteristics 

that negatively impact maternal and infant health for Latinos.

INTRODUCTION

One-quarter of all childbearing women in the United States (US) are Latina, and half of 

childbearing women in California and Texas are Latina.(1,2) Latino infants have better than 

expected birthweight distribution and infant mortality, based on their relatively low 

socioeconomic status (SES).(3–6) Analysis of Latino subgroups is necessary to understand 

this “epidemiologic paradox” because there are differences in birth outcomes based on 

country of origin, maternal birthplace, and acculturation.(3–6) Since the share of births to 

Latina women is projected to increase, Latino subgroup differences in birth outcomes have 

important implications for US infant health metrics.(7)

Maternal nativity is a particularly important stratifying characteristic; foreign-born Latina 

women, who often have low SES, are less likely to smoke or drink alcohol during 

pregnancy, or have a comorbid chronic medical condition. Latina women also experience 

fewer complications of labor and delivery than White or Black women and have lower rates 

of low birthweight compared with Black women. (3,5,8,9) These factors partially account 

for the “paradoxical” birth outcomes among Latinos.(4,10–13) These differences in maternal 

characteristics and resultant birth outcomes are often attributed to traditional Latino culture.

(3,14,15) The hypothesized protective effect of Latino culture is supported by research 

findings demonstrating that foreign-birth and lower acculturation to US cultural norms 

among Latina women are associated with positive health behaviors, such avoidance of 

tobacco and alcohol, and a cultural orientation prioritizing family relationships.(5,6,14–18) 

These individual-level characteristics, however, do not fully explain the paradoxical birth 

outcomes among foreign-born Latina women.

Neighborhood context may also shape the cultural environment through normative beliefs 

and behaviors, group interactions that result in the availability of culturally-specific goods 

and resources, and social networks which maintain traditional Latino cultural norms.(19) 

This cultural context may affect birth outcomes, beyond the effects of individual level 

factors such as maternal foreign-birth. Areas of high Latino immigrant density may 

represent a local culture more aligned with Latino, rather than US, cultural norms, and thus 

may contribute to unexpectedly favorable birth outcomes among Latinos. In fact, several 

studies have demonstrated reduced odds of infant mortality and low-birth weight among 

infants born to Latina mothers in areas of higher Latino density.(12,20–22) Prior studies 

examining the association of Latino density and infant mortality have utilized measures of 

Latino density based on the county or metropolitan area of residence, as have some studies 

of birthweight.(12,20,21,23) However, contextual exposures defined by attributes of the 

county or metropolitan statistical area may not capture the interactions and resource 

availability at the neighborhood-level, which may be more important and relevant for 
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individual health and health behaviors.(24) To date, research on neighborhood-level 

contextual effects of Latino and immigrant density using infant birthweight as an outcome 

and census tracts or block groups as measures of neighborhood context have demonstrated 

no clear pattern of associations.(22,25–27) Lack of consistent findings by maternal nativity 

or Latino density underscore the complexity underlying the population-level findings of the 

epidemiologic paradox.

Improving our understanding of neighborhood contextual effects on infant health outcomes 

may be especially salient for local policy and programming. One significant gap in smaller-

area contextual research on birth outcomes for Latinos is the paucity of information about 

neighborhood context and infant mortality. To our knowledge, the relationship between 

smaller-area contextual effects and infant mortality among infants born to Latina mothers 

has not been examined. Our analysis was guided by a social-ecological model to reflect the 

theoretical perspective that infant health is determined demographic, economic, social, and 

behavioral factors that operate at multiple levels, including the individual, family, and 

neighborhood levels.(28,29) The focus of our analysis is on the role of neighborhood 

factors. Additionally, in this study we concentrate on Latina mothers of Mexican-origin 

because they are the largest US Latino subgroup.(30) Our study setting is Los Angeles 

County, which has the largest Latino population of any US city and it alone accounts for 9% 

of the total US Latino population.(31) We examine the association between infant mortality 

and neighborhood Latino immigrant concentration, using census tracts to define 

neighborhoods. Neighborhood Latino immigrant concentration may be a relevant measure of 

neighborhood cultural orientation and thereby could be an important factor in accounting for 

observed differences in birth outcomes between US- and foreign-born Mexican-origin 

Latina women. Our study addresses unanswered questions about the relationship between 

exposure to Latino culture in the neighborhood context and infant mortality and may provide 

additional insights into the epidemiologic paradox.

METHODS

Data Source

We analyzed linked California infant birth and death records for live-born singleton infants 

born to Mexican-origin woman in Los Angeles County from 2002–2005. We restricted the 

analyses to infants for whom we were able to assign a census tract, based maternal birth 

record address or census tract (96% of the eligible births). Ninety percent of eligible births 

had census tract information already listed on the birth record. To verify the accuracy, we 

used ArcGIS 9 to perform automated assignment of census tract for a random subsample of 

the addresses that had census tract information in the birth record.(32) When we compared 

the recorded census tract with the census tract obtained from ArcGIS, we found 93% 

concordance. Discordant census tract assignments generally occurred when the mother’s 

address bordered two census tracts and ArcGIS assigned the address to an adjacent tract due 

to different programming specifications for assignment of addresses on tract borders. 

Having verified high accuracy of the birth record census tract assignment, we retained this 

assignment for the analyses. For birth records with missing tract information, we used the 

ArcGIS 9 automated geocoding function with the birth record address to assign tracts to 
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60% of these records. Remaining records had either missing address data or presumed 

typographical errors in data entry. We attempted to correct spelling and zip code errors for 

all deaths. We attempted correction for random subset of the remaining records. We chose 

only a subset of surviving infants for manual address correction tract due to limited 

resources for hand-coding of cases with address errors.

Measures

The primary outcome was infant death (death of a live born infant prior to the first birthday). 

All individual measures were based on birth record information except for infant death 

information, which was obtained from the linked death record. Characteristics of 

neighborhoods, represented by census tracts, were obtained from the 2000 US Census using 

measures publicly available from the Los Angeles Family and Neighborhood Survey’s 

Neighborhood Services and Characteristics Database (LA NSC).(33)

Maternal sociodemographic information included maternal age, which was categorized as 

<18, 18–25, 26–34, and ≥35 years. Maternal education was categorized as <9, 9–11, 12, and 

> 12 years. Insurance payor for delivery was categorized as private, Medicaid, uninsured, 

and other (e.g. Indian Health Service, Tricare). We did not include marital status because it 

was not collected during the birth registration process across all years of the study period.

We included several variables from the birth record to characterize the pregnancy and 

delivery. Prenatal care utilization was classified as inadequate, intermediate, adequate, and 

adequate plus according to Kotelchuck’s Adequacy of Prenatal Care Utilization Index.(34) 

The number of prior live births was categorized as 0, 1–3, and >3. We identified women as 

having a previous adverse pregnancy outcome if the birth record listed prior history of a 

premature or low birthweight infant. Dichotomous variables for the presence of tobacco use, 

diabetes, or anemia were created from pregnancy complication codes listed on the birth 

record. We classified women as having other medical complications if at least one of the 

following was listed among the pregnancy complications: cardiac disease, chronic 

hypertension, or renal disease. Similarly, we classified women as having a labor/delivery 

complication if at least one of the following complications was listed: abnormal 

presentation, placental abruption, amnionitis and sepsis, cord prolapse, fever, labor 

eclampsia, placenta previa, precipitous labor, or preeclampsia during labor.

Infant characteristics included birthweight, gestational age, and sex. Birthweight was 

analyzed as a continuous variable. Gestational age categories were: very preterm (< 28 

weeks), moderately preterm (28–33 weeks), late preterm (34–36 weeks), term (37–41 

weeks), and postterm (≥42 weeks).

The main variable of interest was neighborhood Latino immigrant concentration score, 

which is a scaled variable from the LA NSC that was constructed using factor analysis and 

includes the proportion of foreign-born residents, non-citizens, immigrants, Spanish-

speaking adults, and Latinos in the census tract (Cronbach’s alpha: 0.89). Other scaled 

neighborhood measures from the LA NSC included residential stability score (constructed 

using the proportion of: dwellings in multi-unit housing, housing that is owner-occupied, 

households occupying the same dwelling in 1995 and 2000, and non-family households in 
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the census tract) and neighborhood diversity score (constructed by calculating one minus the 

sum of the squared percentages of each racial/ethnic group within the census tract). We 

characterized neighborhood income using census tract median household income.

Statistical Analyses

The Pearson χ2 statistic was used to test the statistical significance of differences in 

proportions for categorical maternal and infant characteristics by nativity among Mexican-

origin mothers. Differences in means (birthweight, neighborhood characteristics) were 

assessed using a two sample t-test. The two-sample Kolmogorov-Smirnov test for equality 

of distribution functions was used to compare the distributions of neighborhood 

characteristics between groups. We stratified the logistic regression models by maternal 

nativity to account for potentially different mechanisms by which individual and 

neighborhood characteristics impact infant mortality. We included a log transformation of 

the tract median household income variable to obtain a linear relationship with infant 

mortality. We improved the model fit by including a quadratic term for immigrant 

concentration. In the logistic models we employed census tract-specific random effects to 

account for spatial clustering. For each group, three model specifications were used. The 

first model included maternal SES factors (education and delivery payor); the second model 

included SES factors and neighborhood characteristics, and the third model included SES 

factors, neighborhood characteristics and all remaining maternal and infant covariates. 

Based on the logistic regression models, we constructed model-based probabilities for infant 

mortality at varying levels of neighborhood immigrant concentration by nativity group. All 

maternal, infant, and neighborhood characteristics were held at their mean value for each 

nativity group when determining the predicated infant mortality rate. Finally, we employed 

the following procedures to manage missing data: 1) We used an algorithm by Kotelchuck 

that estimates gestational age using infant sex and birthweight to assign gestational age for 

birth records missing this information (6.7%);(34,35) 2) Missing information on maternal 

education (1.4%) was imputed using the mode of educational attainment for each age 

category within each race/ethnicity/nativity group; and 3) We excluded 0.16% of records 

that were missing data for any of the other covariates. Sample summary statistics were 

calculated using non-imputed values; the regression analyses used imputed data. All 

analyses were performed using Stata version 12.1 (StataCorp LP, College Station, TX). This 

research was approved by the California Health and Human Services Agency Committee for 

the Protection of Human Subjects and the University of Michigan and Johns Hopkins 

Medicine Institutional Review Boards.

RESULTS

Our analyses were based on 289,464 singleton births to Mexican-origin Latina women. 

Two-thirds of births were to foreign-born mothers (Table 1). Foreign-born mothers had 

births at older ages than US-born mothers and had significantly less educational attainment. 

Nearly three-quarters of US-born mothers had completed high school or more education 

(71.4%), but only 37% of foreign-born women had at least a high school education. Births to 

foreign-born women were much more likely to have Medicaid listed as the payor for 

delivery than births to US-born women (79.5% vs. 50.8%, respectively; p <.001). There 
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were no substantive differences between births to US- and foreign-born Mexican-origin 

mothers in prenatal care utilization, mean birthweight, or the distribution of births by 

gestational age. The infant mortality rate was higher among births to US-born women than 

among births to foreign-born women (4.6/1000 live births vs. 3.8, respectively; p=.002)). 

There were also differences in the distribution of timing of death. Among infant of US-born 

mothers who died during the first year 53% were classified as a neonatal death, while 67% 

of infant deaths among foreign-born mothers were in the neonatal period.

In general, the distribution of neighborhood characteristics was similar between US- and 

foreign-born Mexican-origin mothers (Figure 1). However, foreign-born mothers were more 

likely to reside in neighborhoods with a higher proportion of immigrants, lower income, and 

less residential stability.

In the first set of multivariate models that focused on the association of infant death with 

SES factors, there was no significant association between SES characteristics and infant 

mortality among births to foreign- or US-born women (Table 2). In the second model, which 

added neighborhood characteristics to the first model, the odds of infant mortality increased 

as neighborhood immigrant concentration increased for infants born to both US- and 

foreign-born women. In the final model, which included the full set of covariates, immigrant 

concentration remained associated with increased odds of mortality for infants of foreign-

born mothers (OR: 1.29; 95% CI: 1.01–1.66), with a similar trend for infants of US-born 

mothers (OR: 1.29; 95% CI: 0.99–1.67). For both groups, there was a strong association 

between very preterm birth and increased infant mortality. There was also an association 

between late preterm birth and infant mortality among foreign-born women (OR: 1.61; 

95%CI: 1.24–2.10). We also completed several additional regression analyses to further 

explore the relationship between immigrant concentration and infant mortality (results not 

shown). To assess whether the results varied by infant age at death, we undertook stratified 

analyses of deaths in the neonatal and post-neonatal periods. The regression results for the 

neonatal and post-neonatal periods were similar to the findings presented here for deaths 

among all infants and did not change any of our main substantive results and conclusions, 

although the confidence intervals were larger as a result of the smaller sample sizes. We 

were unable to examine models based on causes of infant deaths, due to small sample sizes. 

We also evaluated for an interaction between maternal nativity and immigrant concentration 

in a model including both nativity groups and there was no significant interaction.

Finally, we generated model-based probabilities of the risk of infant mortality among births 

to US- and foreign-born Mexican-origin mothers at varying levels of neighborhood 

immigrant concentration (Figure 2). For both subgroups of Mexican-origin women we found 

a pattern of increased rates of infant death as immigrant concentration increased.

DISCUSSION

In this study of Mexican-origin women in Los Angeles County, we found that living in 

higher-density immigrant Latino neighborhoods was associated with increased odds of 

infant mortality among infants born to foreign-born women, with a similar association 

among US-born women, though immigrant concentration did not remain significant after 
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adjustment for individual-level maternal and infant characteristics. Thus, living in immigrant 

enclaves likely does not help to explain the lower than expected infant mortality rate among 

infants born to Latina women. Our finding of higher infant mortality for Latinos at higher 

levels of neighborhood immigrant concentration stands in contrast to studies examining 

mortality among Latino infants and where context was defined using large areas, such as a 

metropolitan statistical areas.(12,20,21) Our study used a substantially smaller contextual 

area, which may be more reflective of the daily interactions that contribute to maternal and 

infant health.(36) This study is among the first to examine the relationship between 

neighborhood immigrant context and infant mortality among Latinos.

Our findings, though distinct from some prior contextual effects research, are not entirely 

unexpected. The association between high density Latino or immigrant neighborhoods, or 

enclaves, has been examined for several other health outcomes, and both positive and 

negative health effects of enclaves have been demonstrated.(19,37–41) Factors common to 

high density immigrant neighborhoods, such as concentrated poverty, crime, and fewer 

neighborhood resources, have been shown to negatively affect health and may overshadow 

positive health effects of immigrant enclaves.(19,37) Unfavorable neighborhood 

characteristics are thought to result in “unhealthy” or “low opportunity” neighborhoods that 

have deleterious effects across the lifecourse.(26,42,43) Neighborhood poverty and 

structural disadvantage have been shown to adversely affect infant health outcomes across 

racial-ethnic groups.(13,26,27,44,45) We did not find a significant relationship between 

neighborhood income and infant mortality among Latinos in Los Angeles County, and we 

performed several different analyses to ensure that our measure of neighborhood income did 

not result in the lack of association. Sensitivity analyses that replaced neighborhood income 

with measures of concentrated advantage or disadvantage, did not yield a statistically 

significant relationship with mortality. Additionally, we found no significant interaction 

effect between immigrant concentration and neighborhood median income in our infant 

mortality models. These findings support those of a prior large-area contextual study, which 

found that the association between infant birthweight among Latinos and immigrant 

enclaves was more robust than the association with neighborhood poverty.(23)

Prior work has demonstrated that neighborhood structural characteristics, such as 

neighborhood racial/ethnic composition and poverty, are markers for underlying social 

processes that that have more direct effects on health outcomes. For example, negative 

effects of neighborhood poverty on birth outcomes are thought to be mediated through 

neighborhood social processes such as neighborhood crime, physical disorder, and lack of 

collective efficacy.(26,27,46–48) However, the relationship between Latino immigrant 

neighborhoods and associated social processes are poorly characterized. Among previous 

studies that have found a protective effect of Latino immigrant enclaves on health outcomes 

and mortality, the effect was attributed, in part, to enhanced social cohesion resulting from 

the cultural orientation of Latino immigrants. However, several studies have demonstrated 

that high-density immigrant communities have lower social cohesion compared to less 

concentrated immigrant areas.(19,37,49) Additionally, at an individual level immigrant 

Latina women report less social support than US-born Latina women.(50) Increased social 

support, when characterized at the individual or contextual-level, has been associated with 

improved birth outcomes.(12,20,51) Latino immigrant concentration itself may or may not 
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be a proxy for other neighborhood characteristics that influence birth outcomes. Further 

understanding the role of Latino immigrant enclaves on birth outcomes requires additional 

study of the type and distribution of neighborhood social processes in high-density Latino 

immigrant neighborhoods.

Our findings must be interpreted in the context of certain limitations. First we used a 

composite measure to define neighborhood Latino immigrant concentration. This measure 

may not be the best way to characterize neighborhood cultural orientation, and the health 

effects of living in such a neighborhood. Additionally, the high correlation among the 

different components of this index means that it is difficult to determine which specific 

aspects of this measure are important for infant mortality. Second, we may not have 

adequately adjusted for the role of individual economic factors in our models. Family 

income is not reported on California birth records, so we used California Medicaid (Medi-

Cal) payment for delivery as a proxy for low-income status. Delivery coverage denoted on 

California birth records has been shown to be very reliable. Medi-Cal coverage nearly 

always reflects a family income at or below 200% of the federal poverty level, though it is 

not uncommon for women who are income-eligible for MediCal to have private insurance.

(13) Misclassification of low-income women due to their eligibility for private insurance 

coverage would bias our adjustment for individual low-income towards the null. Third, birth 

record data may include substantial underreporting of maternal and family characteristics 

that may be important factors in infant mortality. We did not account for paternal race/

ethnicity and nativity in our analyses because birth records had substantial missing data 

about paternal characteristics. Paternal characteristics may be important in understanding 

birth outcomes, but obtaining valid and complete information from birth registration data 

remains challenging.(52) Marital status was not collected across all years of data, and thus 

could not be included. Additionally, tobacco use is underreported and labor and delivery 

complications are not well-specified in in birth registration data.(4,52) Fourth, we cannot 

capture return migrants using these data, which would artificially lower the infant mortality 

rate among foreign-born women. The contribution of return migrants to lower infant 

mortality among foreign-born Latina women remains in question, but likely is not a 

significant contributor to the lower IMR among foreign-born Latinas.(53) Fifth, our findings 

may not reflect Mexican-origin mothers across the US. Los Angeles County has the highest 

density of Latinos in the US, and the influence of contextual factors may differ across 

settings. Finally, we caution that our analyses were based on cross-sectional data so 

causality cannot be determined and that we used census tract as a proxy for neighborhood 

characteristics, but the census tract may not reflect an individual’s experience, or the health 

effects, of a neighborhood.

In conclusion, even though infants of Mexican-origin mothers have unexpectedly low infant 

mortality rates based on their family SES, the neighborhoods in which these mothers live 

may play a role in increasing mortality risk for their infants. Latino immigrant enclaves 

might be expected to extend the protective effect of individual cultural orientation because 

they likely have a higher concentration of people with a Latino cultural orientation. 

However, we found that living in high-density Latino immigrant neighborhoods increased 

the odds of infant mortality for infants of foreign-born Mexican-origin mothers, with a 

similar, though not statistically significant association for infants of US-born mothers. There 
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may be characteristics of Latino immigrant neighborhoods that make them “unhealthy” 

places to live and undermine positive cultural benefits. Further study is warranted to 

determine whether, and how, neighborhood factors affect birth outcomes among Latinos by 

nativity, country of origin, infant age and cause of death, and in varied settings. Achieving 

national health goals for decreasing infant mortality rates requires careful attention to 

Latinos as the proportion of US births to Latinos continues to grow. Policies that promote 

healthier neighborhoods and communities may benefit Latino infants and generate 

opportunities for improvement in US birth outcomes across racial/ethnic groups.
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Figure 1. 
Distribution of neighborhood characteristics by maternal nativity among births to Mexican-

Origin Latina Mothers in Los Angeles County (2002–2005)*
*Using the Two-sample Kolmogorov-Smirnov test for equality of distribution functions 

there were significant differences (p <.001) in the distribution of each of these neighborhood 

characteristics by maternal nativity.
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Figure 2. 
Predicted infant mortality rate by neighborhood Latino immigrant concentration among 

births to Mexican-Origin mothers, by maternal nativity†

†The predicated infant mortality rate was derived from logistic regression models that were 

adjusted for maternal age, education, payor for delivery, prenatal care utilization, prior birth 

history, prior adverse pregnancy outcomes, pregnancy complications (tobacco use, anemia, 

diabetes, other medical complications), and labor/delivery complications, infant sex, 

birthweight, and gestational age, and neighborhood Latino immigrant concentration, income, 

residential stability, and diversity. Excepting neighborhood Latino immigrant concentration, 

all maternal, infant, and neighborhood characteristics were held at their mean value for each 

nativity group when determining the predicated infant mortality rate.

*Denotes percentile of neighborhood Latino immigrant concentration across all Los Angeles 

County census tracts included in this study
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Table 1

Selected maternal and infant characteristics by maternal nativity among births to Mexican-origin Latina 

women from the Los Angeles County Birth Cohort 2002–2005 (n=289,464)

US-born mothers
n=105,606

Foreign-born mothers
n=183,858 p-value*

Maternal Characteristics

Age, years (%)

 < 18 8.1 3.1

<.001
 18–26 52.2 35.4

 27–34 33.5 46.8

 >34 6.2 14.8

Education, years (%)

 <9 2.1 30.2

<.001
 9–11 26.5 32.4

 12 40.6 25.3

 >12 30.8 12.0

Payor for delivery, %

 Medicaid 50.8 79.5
<.001

 Private Insurance 46.6 18.4

Prenatal care utilization**

 Inadequate 11.1 11.4

.02
 Intermediate 18.7 19.0

 Adequate 43.3 43.0

 Adequate plus 26.9 26.6

Prior Live Births

 0 42.0 29.6

<.001 1–3 54.1 63.8

 >3 3.9 6.6

Infant Characteristics

Male infant, % 50.9 51.0 0.5

Mean birthweight, g (SD) 3338 (552) 3358 (540) <.001†

Gestational age, weeks (%)

 Very preterm, <28 0.6 0.5

 Moderately preterm, 28–33 2.3 2.1

 Late preterm, 34–36 7.6 7.5 <.001

 Term, 37–41 81.9 83.2

 Post-term, ≥ 42 7.6 6.8

Mortality Rate (per 1000 live births) 4.6 3.8 .002

Neonatal Deaths, (% of deaths among infants <28 days) 52.9 67.0 <.001

*
Determined by Pearson χ2 except where noted

†
Determined using Student’s t-test
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**
Determied using Kotelchuck’s Adequacy of Prenatal Care Utilization Index
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