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Abstract

The purpose of this study was to identify disparities in neonatal, post-neonatal, and overall infant 

mortality rates among infants born late preterm (34–36 weeks gestation) and early term (37–38 

weeks gestation) by race/ethnicity, maternal age, and plurality. In analyses of 2003–2005 data 

from US period linked birth/infant death datasets, we compared infant mortality rates by race/

ethnicity, maternal age, and plurality among infants born late preterm or early term and also 

determined the leading causes of death among these infants. Among infants born late preterm, 

infants born to American Indian/Alaskan Native, non-Hispanic black, or teenage mothers had the 

highest infant mortality rates per 1,000 live births (14.85,9.90, and 11.88 respectively). Among 

infants born early term, corresponding mortality rates were 5.69, 4.49, and 4.82, respectively. 

Among infants born late preterm, singletons had a higher infant mortality rate than twins (8.59 vs. 

5.62), whereas among infants born early term, the rate was higher among twins (3.67 vs. 3.15). 

Congenital malformations and sudden infant death syndrome were the leading causes of death 

among both late preterm and early term infants. Infant mortality rates among infants born late 

preterm or early term varied substantially by maternal race/ ethnicity, maternal age, and plurality. 

Information about these disparities may help in the development of clinical practice and 

prevention strategies targeting infants at highest risk.
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Introduction

In 2002, US infants born at 34–36 weeks gestation, often called “late preterm infants,” 

accounted for 74.4 % of all preterm births and 7.7 % of all singleton births [1]. Infants born 

late preterm have been found to have an infant mortality rate three times that of term infants 

(7.9 vs. 2.4 per 1,000 live births), to account for nearly 10 % of all infant deaths, and to be at 

greater risk for many neonatal complications than their term counterparts [2–7]. Neonatal 

complications include respiratory distress, hypothermia, hypoglycemia and jaundice [3, 4]. 

Although considered to be term infants, infants born after 37–38 weeks of gestation have a 

greater risk for morbidity and death than infants born after 39–40 weeks of gestation [8–11]. 

In part because of this greater risk, increasing interest exists in creating a subcategory for 

these infants called “early term” and assessing risks among them much as is already done for 

infants classified as “late preterm.” [8].

Disparities in infant mortality rates by race/ethnicity, maternal age and plurality are well 

established. When analyzing infants of all gestational ages together, rates have been found to 

be highest by race/ethnicity among infants born to non-Hispanic black and American Indian/

Alaskan Native mothers, highest by age among infants born to teenage mothers, and highest 

by plurality among infants who are twins or higher order multiples [5, 12–17]. However, the 

magnitude of these disparities specifically among infants born late preterm or early term has 

not been determined. Doing so may provide opportunities for targeted efforts to reduce 

infant mortality rates among those infants at highest risk and thereby also reduce overall 

infant mortality rates. Our main objective in this study was to identify disparities in 

neonatal, post-neonatal, and overall infant mortality rates among US infants born late 

preterm or early term by race/ethnicity, maternal age, and plurality.

Methods

Data Source

We analyzed data from the National Center for Health Statistics’ (NCHS), United States 

Period Linked Birth/ Infant Death Datasets for 2003–2005 [18]. The datasets include a file 

of all infants less than 1 year of age who died during a given calendar year (from which we 

drew the numerators for our mortality rate calculations), and a file of all infants born in the 

calendar year in which the deaths occurred (from which we drew the denominators).

Study Population

The potential study population consisted of all late preterm or early term live-born infants 

whose mothers resided in the United States at the time of their delivery. We defined late 

preterm as infants born at a gestational age recorded as 34, 35, or 36 weeks, and early term 

as infants born at a gestational age recorded as 37 or 38 weeks.
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The NCHS edited gestational age reported in the public use data files, calculated primarily 

from the last menstrual period (LMP), was used for gestational age. Because LMP-based 

estimates of infant’s gestational age at birth are subject to error because of factors such as 

maternal recall error, post-conception bleeding, and delayed ovulation, this estimate was 

then compared to the clinical/obstetric estimate also available in the public use data files. If 

the two estimates differed by more than 2 weeks, then the clinical/ obstetric estimate was 

used [19]. California did not report a clinical/obstetric estimate, so no births/deaths from 

California were included in this analysis [20–22]. Also excluded from this study were 

infants with missing birth weight or birth weight less than 500 g and infants with missing 

clinical or obstetric estimate of gestational age.

Study Measures

Maternal and Infant Characteristics—Maternal characteristics from the variables 

available on the 1989 revision of the US Certificate of Live Birth examined for this study 

included race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, Asian/Pacific 

Islander or American Indian/Alaskan Native), maternal age (< 20, 20–24, 25–29, 30–34 or ≥ 

35 years of age), and parity (1, 2, 3, 4, 5, or ≥ 6). Infant characteristics examined were sex, 

plurality (singleton or twin), and birth weight (500–999, 1,000–1,499, 1,500–1,999, 2,000–

2,499, or ≥2,500g).

Primary Outcome—The primary outcome was death among infants born late preterm or 

early term. We classified deaths that occurred during the infants’ first 27 days of life as 

“neonatal death,” deaths that occurred from 28 to 364 days of life as “post-neonatal death,” 

and deaths that occurred anytime from 0 to 364 days of life as “infant deaths” [6, 17]. We 

then stratified results (neonatal, post-neonatal, and overall infant mortality rates) by the 

maternal race/ethnicity, maternal age, and plurality categories described above.

Analysis

Among the infants who died during infancy and met inclusion criteria for the study, we 

assessed differences in the frequency distributions of the maternal and infant characteristics 

(maternal race/ethnicity, age and parity and infant sex, plurality and birth weight) between 

infants born late preterm and infants born early term. Using Pearson χ2 tests, we considered 

p values <0.05 to be indicative of statistical differences.

In our primary analysis, we calculated mortality rates by race/ethnicity, and maternal age 

only among singleton infants. However, because a higher proportion of infants born late 

preterm are from multiple gestations, we performed a sub-analysis comparing mortality rates 

among singleton infants with rates among twins. Because infants from multiple births 

involving more than one other sibling are at higher risk for infant death and likely to receive 

additional monitoring and medical intervention, we did not include them in this sub-

analysis.

We compared infant mortality rates by maternal race/ ethnicity, maternal age and plurality 

using confidence intervals and z-tests according to NCHS methods [5, 14, 15]. In these 
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comparisons, non-Hispanic white infants, infants born to mothers aged 25–29 years, and 

singletons were the reference populations.

We also identified the three leading causes of death among infants in each of the previously 

described demographic categories. The cause of death categories were based on the 130 

Selected Causes of Infant Death adapted for use by the Division of Vital Statistics. The 130 

Selected Causes of Infant Death is a specialized list of causes of death affecting infants, 

created by grouping and recoding the ICD-10 codes indicated as the underlying cause of 

death, from which 71 rankable causes of death can be derived [23].

All statistical analyses were conducted with SAS statistical software version 9.2 (SAS 

Institute, Cary, NC). This study was reviewed by the Emory University Institutional Review 

Board, which classified it as non-human subjects research and exempt from further review.

Results

Distribution of Characteristics

During 2003–2005, 874,532 US infants were born late preterm and 3,164,489 infants were 

born early term and met the inclusion criteria for this study: 7,092 of those infants born late 

preterm and 10,007 of those infants born early term died during infancy. No difference was 

found in the distribution of race/ethnicity or gender between the late preterm infants and 

early term infants who died during infancy with over 50 % born to non-Hispanic white 

mothers and slightly over 50 % male (Table 1). Significant differences existed in the 

categories of plurality and birth weight. Twins constituted 11.6 % of deaths among late 

preterm infants and 3.9 % among early term infants. Among late preterm infant deaths, 34.0 

% weighed 2,000–2,499 g at birth and 39.7 % weighed ≥ 2,500 g, whereas among early term 

infant deaths 15.6 % weighed 2000–2499 g at birth and 77.0 % weighed ≥ 2,500 g.

Mortality Rates by Race/ethnicity

Among infants born late preterm, the infant mortality rate per 1,000 live births was highest 

for infants born to American Indian/Alaskan Native mothers [(14.85, (6.75 during the 

neonatal period and 8.10 during the post-neonatal period))] (Table 2). All of these rates were 

significantly higher than corresponding rates among infants born to non-Hispanic white 

mothers (8.20, 4.43 and 3.77, respectively). The overall infant mortality rate (9.90) and post-

neonatal mortality rate (5.39) among infants born to non-Hispanic black mothers were also 

significantly higher than the overall and post-neonatal rates among infants born to non-

Hispanic white mothers. Only the post-neonatal mortality rate among infants born to 

Hispanic mothers was significantly lower than the corresponding rate for infants born to 

non-Hispanic white mothers.

Among early term infants, mortality rates were also significantly higher for infants born to 

American Indian/Alaskan Native [(5.69, 1.85 during the neonatal period and 3.84 during the 

post-neonatal period)] and black mothers (4.49, 1.36 and 3.13, respectively) than for infants 

born to white mothers (2.97,1.14 and 1.83, respectively) but the rates were only a third to a 

half as high as the rates for infants born late preterm (Table 3). Infants born to Asian/Pacific 

Islander mothers had significantly lower mortality rates (2.08, 0.91 and 1.17) than infants 
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born to white mothers while Hispanic mothers had significantly lower infant (2.61) and 

post-neonatal (1.55) rates but not neonatal rate.

Mortality Rates by Maternal Age

Among infants born late preterm the overall infant mortality rate and the post-neonatal 

mortality rate were highest for infants born to teenage mothers (11.88 and 6.77, 

respectively) and generally decreased with maternal age (Table 2). The neonatal mortality 

rates among infants born to teenage mothers (5.12) and infants born to mothers ≥35 years of 

age (5.23) were significantly higher than infants born to mothers aged 25–29 years (4.25). 

Among early term infants, all rates were significantly higher for infants born to mothers <24 

years of age [<20 years: 4.82 overall (1.42 during the neonatal period and 3.40 during the 

post-neonatal period); 20–24 years: 4.22, 1.30 and 2.92, respectively] than for infants born 

to mothers 25–29 years of age (2.81, 1.11 and 1.70, respectively)], and the neonatal 

mortality rate was higher for infants born to mothers ≥35 years of age (1.26) than for infants 

born to mothers 25–29 years of age (Table 3).

Mortality Rates by Plurality

Among infants born late preterm, all mortality rates were significantly lower for twins [(5.62 

overall, (2.33 during the neonatal period and 3.29 during the post-neonatal period))] than for 

singletons (8.59, 4.53 and 4.06, respectively) (Table 2). However, among early term infants, 

both the overall infant mortality rate and the neonatal mortality rate were significantly 

higher for twins (3.67 and 1.43, respectively vs. 3.15 and 1.17 for singletons) (Table 3).

Leading Causes of Death

In all categories of infants born late preterm, congenital anomalies were the most common 

cause of death and sudden infant death syndrome (SIDS) was the second most common 

(Table 4). Accidents were the third most common cause of death in all categories except 

infants born to Asian/Pacific Islander mothers and infants born to mothers ≥29 years of age, 

among whom diseases of the circulatory system were the third most common cause. The 

third most common causes of death among infants born to American Indian/Alaskan Native 

mothers were accidents and flu as they were each responsible for the same number of deaths 

among those infants.

Among infants born early term, congenital anomalies were the most common cause of death 

and SIDS was the second most common in all categories of infants except infants born to 

teenage mothers, for whom these two causes were reversed (Table 5). Accidents were the 

third most common cause of death in all categories of infants except infants born to mothers 

≥35 years of age, for whom accidents were tied with diseases of the circulatory system.

Discussion

In general, we found disparities in infant mortality rates by race/ethnicity and maternal age 

that mirrored disparities found in previous studies among infants across all gestational ages 

[5, 12–15, 17]. Our finding that infant mortality rates among late preterm infants were 

higher for singletons than twins is inconsistent with studies that compare births of all 
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gestational ages [5], but consistent with findings from previous studies comparing infants of 

similar gestation [24,25]. So, while twin infants born extremely preterm (<25 weeks) and 

term (>37 weeks) have higher rates of mortality compared to singletons born extremely 

preterm and term, this association is reversed for infants born late preterm [24, 25].

Nationally, gestational age distributions for twins and singletons differ; twins are more 

likely to be born late preterm and singletons at term. However, twins are also more likely to 

deliver before 34 weeks gestation than their singleton counterparts [26, 27], and these 

infants born very preterm have higher mortality risks than infants born late preterm. The 

increase in the percentage of preterm and late preterm births during the 1990s and early 

2000s, particularly among singletons, is often explained by higher rates of obstetric 

intervention resulting from maternal or fetal complications [1, 28, 29]. Thus, twins reaching 

late preterm delivery may be healthier than their singleton counterparts who may be more 

likely to deliver late preterm due to complications.

Mortality rates generally decreased with increasing maternal age up to 35 years. The greater 

risk for death among children of mothers aged 35 or older is largely attributable to many 

leading causes of neonatal death, including complications of birth and congenital anomalies 

being more common among children of older mothers [30, 31].

In previous studies of the causes of infant death, Tom-ashek et al. [6] found that the three 

leading causes of death among late preterm US infants were congenital anomalies, SIDS, 

and accidents and Reddy et al. [11] similarly found that the leading causes among early term 

infants were birth defects, SIDS and accidents. Our results were consistent with both of 

these findings.

This study is the first of which we are aware to assess disparities in infant mortality rates 

among infants born late preterm or early term. A major strength of this study was the large 

size of our study population which allowed us to calculate statistically reliable infant 

mortality rates for specific subgroups of US infants. One potential limitation of our study 

was our exclusion of infants born in California because clinical or obstetric estimates of 

infants’ gestational age at birth were not reported on California birth certificates during the 

study period. Although, LMP-based estimates of infant’s gestational age at birth provided in 

the dataset are subject to error because of factors such as maternal recall error, post-

conception bleeding, and delayed ovulation, the validity of the clinical or obstetric estimate 

reported on birth certificates has not been sufficiently evaluated [19]. Therefore, to assess 

the extent to which excluding infants born in California may have affected our results we 

repeated our analysis including infants born in California and using the NCHS edited 

gestational age reported in the public use data files, which is calculated from the estimated 

date of a woman’s last menstrual period (LMP) except when information on LMP is missing 

or when the infant’s birth weight is incongruent with the LMP based estimate of gestational 

age [20–22]. In general, the mortality rates we calculated using this measure of gestational 

age were slightly higher than the rates we calculated using clinical or obstetric gestational 

age estimates as a correction for error in the LMP based estimate, but disparities in rates by 

race/ethnicity, maternal age and plurality were similar (data not shown).
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Although we were able to calculate adjusted infant mortality rates by gestational age and 

timing of death specific to different categories of race/ethnicity, maternal age and plurality, 

small numbers of deaths precluded further stratified analyses. Given the disparities in 

gestational age-specific infant mortality rates, future investigations should seek to 

understand reasons for early delivery whether by obstetric intervention or spontaneous 

delivery [32]. Indications for early delivery are complex and relate to maternal and fetal 

complications or pathology.

Conclusions

The disparities we observed in post-neonatal death rates are of particular concern, especially 

because SIDS and accidents (unintentional injuries) were among the three leading causes of 

post-neonatal deaths. Risk for SIDS and sleep-related accidental suffocation may be reduced 

if recommendations for safe infant sleep practices are followed [33]. Additionally, as 

congenital anomalies were the most common cause of infant death in nearly all categories, 

promotion of preconception heath and health care use for expectant mothers is crucial to 

attempt reductions in known risk factors for birth defects.

With the increase in late preterm birth, positive decreases in stillbirth and perinatal mortality 

have been seen [32]. However, our results indicated that more can still be done to address 

disparities in mortality rates among late preterm and early term infants. Knowledge of 

disparities in infant mortality rates among late preterm and early term infants can help health 

officials devise interventions that target infants at relatively high risk and thus help reduce 

overall infant mortality rates.

Abbreviations

LMP Last menstrual period

NCHS National center for health statistics

SIDS Sudden infant death syndrome
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Table 1

Distribution of select characteristics among infants born late preterm or early term who died during infancy, 

United States, 2003–2005

Characteristics Late preterm
(n = 7,092) %

Early term
(n = 10,007) %

p value

Maternal

  Race/ethnicity 0.11

    Non-Hispanic white 54.4 56.4

    Non-Hispanic black 23.2 22.7

    Hispanic 16.4 15.3

    Asian/Pacific Islander 3.2 2.8

    American Indian/Alaskan Native 1.9 1.8

  Age (years) <0.0001

    <20 15.6 14.5

    20–24 30.3 33.4

    25–29 22.8 23.9

    30–34 17.4 16.2

    ≥35 13.9 12.0

  Parity <0.0001

    1 32.9 30.0

    2 29.3 32.7

    3 19.2 20.4

    4 9.4 9.5

    5 4.2 3.8

    ≥6 4.3 3.3

  Infant

  Sex 0.66

    Male 56.9 56.6

    Female 43.1 43.4

  Plurality <0.0001

    Singleton 88.8 96.2

    Twin 11.2 3.9

  Birth weight (g) <0.0001

    500–999 1.3 0.3

    1,000–1,499 5.6 1.6

    1,500–1,999 19.3 5.6

    2,000–2,499 34.0 15.6

    ≥2,500 39.9 77.0

Percentages may not sum to 100 in each of the groups because of unknown or not stated data

Births in California, those with birthweight <500 g, and multiples greater than twin are excluded
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Table 4

Leading causes of infant deaths among late preterm US infants by maternal race/ethnicitya, maternal agea and 

plurality, 2003–2005

# of deaths % of deaths Cause of death (130 selected causes of infant death codes)

Maternal race/ethnicitya

Non-Hispanic white 1,531 45.2 Congenital anomalies (Q00-Q99)†

436 12.9 Sudden infant death syndrome (R95)

173 5.1 Accidents (unintentional injuries) (V01-X59)

Non-Hispanic black 486 33.4 Congenital anomalies (Q00-Q99)†

231 15.9 Sudden infant death syndrome (R95)

84 5.8 Accidents (unintentional injuries) (V01-X59)

Hispanic 575 54.1 Congenital anomalies (Q00-Q99)†

70 6.6 Sudden infant death syndrome (R95)

36 3.4 Accidents (unintentional injuries) (V01-X59)

Asian/Pacific Islander 115 53.5 Congenital anomalies (Q00-Q99)†

14 6.5 Sudden infant death syndrome (R95)

8 3.7 Diseases of the circulatory system (I00–I99)

American Indian/Alaskan Native 49 40.5 Congenital anomalies (Q00-Q99)†

15 12.4 Sudden infant death syndrome (R95)

6 5.0 Accidents (unintentional injuries) (V01-X59)

6 5.0 Flu/pneumonia (J10-J18)

Maternal age (in yearsf)a

<20 355 34.4 Congenital anomalies (Q00-Q99)†

163 15.8 Sudden infant death syndrome (R95)

77 7.5 Accidents (unintentional injuries) (V01-X59)

20–24 706 37.2 Congenital anomalies (Q00-Q99)†

316 16.6 Sudden infant death syndrome (R95)

119 6.3 Accidents (unintentional injuries) (V01-X59)

25–29 654 46.3 Congenital anomalies (Q00-Q99)†

155 11.0 Sudden infant death syndrome (R95)

63 4.5 Accidents (unintentional injuries) (V01-X59)

30–34 551 51.2 Congenital anomalies (Q00-Q99)†

87 8.1 Sudden infant death syndrome (R95)

40 3.7 Diseases of the circulatory system (I00–I99)

≥35 512 58.3 Congenital anomalies (Q00-Q99)†

51 5.8 Sudden infant death syndrome (R95)

30 3.4 Diseases of the circulatory system (I00–I99)

Plurality

Singletons 2,969 43.4 Congenital anomalies (Q00-Q99)†

839 12.3 Sudden infant death syndrome (R95)
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# of deaths % of deaths Cause of death (130 selected causes of infant death codes)

344 5.0 Accidents (unintentional injuries) (V01-X59)

Twins 265 33.3 Congenital anomalies (Q00-Q99)†

150 18.9 Sudden infant death syndrome (R95)

60 7.6 Accidents (unintentional injuries) (V01-X59)

a
Singletons only

†
Code represents congenital malformations, deformations, and chromosomal abnormalities
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Table 5

Leading causes of infant mortality among early term US infants by maternal race/ethnicitya, maternal agea and 

plurality, 2003–2005

# of deaths % of deaths Cause of death (130 selected causes of infant death codes)

Maternal race/ethnicitya

Non-Hispanic white 1,821 33.6 Congenital anomalies (Q00-Q99)†

1,071 19.8 Sudden infant death syndrome (R95)

477 8.8 Accidents (unintentional injuries) (V01-X59)

Non-Hispanic black 593 27.3 Congenital anomalies (Q00-Q99)†

490 22.6 Sudden infant death syndrome (R95)

215 9.9 Accidents (unintentional injuries) (V01-X59)

Hispanic 578 38.8 Congenital anomalies (Q00-Q99)†

192 12.9 Sudden infant death syndrome (R95)

104 7.0 Accidents (unintentional injuries) (V01-X59)

Asian/Pacific Islander 95 34.8 Congenital anomalies (Q00-Q99)†

42 15.4 Sudden infant death syndrome (R95)

17 6.2 Accidents (unintentional injuries) (V01-X59)

American Indian/Alaskan Native 53 29.3 Congenital anomalies (Q00-Q99)†

35 19.3 Sudden infant death syndrome (R95)

13 7.2 Accidents (unintentional injuries) (V01-X59)

Maternal age (in yearsf)a

<20 344 24.3 Sudden infant death syndrome (R95)

318 22.4 Congenital anomalies (Q00-Q99)†

164 11.6 Accidents (unintentional injuries) (V01-X59)

20–24 822 25.5 Congenital anomalies (Q00-Q99)†

780 24.2 Sudden infant death syndrome (R95)

344 10.7 Accidents (unintentional injuries) (V01-X59)

25–29 801 34.6 Congenital anomalies (Q00-Q99)†

420 18.1 Sudden infant death syndrome (R95)

187 8.1 Accidents (unintentional injuries) (V01-X59)

30–34 673 43.6 Congenital anomalies (Q00-Q99)†

191 12.4 Sudden infant death syndrome (R95)

97 6.3 Accidents (unintentional injuries) (V01-X59)

≥35 552 48.9 Congenital anomalies (Q00-Q99)†

109 9.7 Sudden infant death syndrome (R95)

44 3.9 Diseases of the circulatory system (I00–I99)

44 3.9 Accidents (unintentional injuries) (V01-X59)

Plurality

Singletons 3,166 32.9 Congenital anomalies (Q00-Q99)†

1,844 19.2 Sudden infant death syndrome (R95)
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# of deaths % of deaths Cause of death (130 selected causes of infant death codes)

836 8.7 Accidents (unintentional injuries) (V01-X59)

Twins 114 29.6 Congenital anomalies (Q00-Q99)†

76 19.7 Sudden infant death syndrome (R95)

43 11.2 Accidents (unintentional injuries) (V01-X59)

a
Singletons only

†
Code represents congenital malformations, deformations, and chromosomal abnormalities
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