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Summary

Background—Reducing infant mortality is a major public health goal. The potential impact of 

breastfeeding on infant deaths is not well studied in the United States (US).

Methods—We analyzed linked birth–death certificates for 3,230,500 US births that occurred 

in 2017, including 6,969 post-perinatal deaths from 7–364 days of age as the primary outcome, 
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further specified as late-neonatal (7–27 days) or post-neonatal (28–364 days) deaths. The primary 

exposure was ‘ever breastfed’ obtained from birth certificates. Multiple logistic regression 

examined associations of ever breastfeeding with post-perinatal deaths and specific causes of 

deaths, controlling for maternal and infant factors.

Findings—We observed an adjusted reduced odds ratio (AOR)= 0·74 with 95% confidence 

intervals (CI)=0·70–0·79 for the association of breastfeeding initiation with overall infant 

deaths (7–364 days), AOR=0·60 (0·54–0·67) for late-neonatal deaths, and AOR=0·81 (0·76–

0·87) for post-neonatal deaths. In race/ethnicity-stratified analysis, significant associations of 

breastfeeding initiation with reduced odds of overall infant deaths were observed for Hispanics 

[AOR=0·64 (0·55–0·74)], non-Hispanic Whites [AOR=0·75 (0·69–0·81)], non-Hispanic Blacks 

[AOR=0·83 (0·75–0·91)], and non-Hispanic Asians [AOR=0·51 (0·36–0·72)]. Across racial/

ethnic groups, effect sizes for late-neonatal deaths were consistently larger than those for post-

neonatal deaths. Significant effects of breastfeeding initiation were observed for deaths due to 

infection [AOR=0·81(0·69–0·94)], Sudden Unexpected Infant Death [AOR=0·85 (0·78–0·92)], and 

necrotizing enterocolitis [AOR=0·67 (0·49–0·90)].

Interpretation—Breastfeeding initiation is significantly associated with reduced odds of post-

perinatal infant deaths in multiple racial and ethnic groups within the US population. These 

findings support efforts to improve breastfeeding in infant mortality reduction initiatives.
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Introduction

Infant mortality, defined as death of a child before the first birthday, is viewed as a measure 

of infant health and an overall indicator of a nation’s well-being.1 The infant mortality 

rate (IMR) in the United States (US) is higher than in other high-income countries 2 and 

major disparities exist by race/ethnicity.3 In 2018, there were 5·7 infant deaths per 1,000 

live births in the US; leading causes included congenital malformations (21% of deaths), 

short gestation and low birthweight (17%), maternal complications of pregnancy (6%), 

sudden infant death syndrome (SIDS) (6%), and unintentional injuries (5%).4 According 

to 2018 national statistics,5 non-Hispanic Black infants had the highest IMR (10·8 per 

1000 births) and non-Hispanic Asian infants had the lowest IMR (3·6 per 1000 births). 

As with IMR, racial/ethnic disparities in breastfeeding exist; for infants born in 2017, the 

lowest breastfeeding initiation rate was among non-Hispanic Black infants (73·7%) and the 

highest was among non-Hispanic Asian infants (90·0%).6 While the racial/ethnic disparities 

on infant deaths in the US remain poorly understood, it has been postulated that lower 

breastfeeding rates in non-Hispanic Black population may partially explain the disparities. 

Given the high overall IMR and racial inequities in the US, interventions that could decrease 

the risks for overall infant deaths and reduce the disparities are needed. Examining the 

associations of breastfeeding with infant deaths could contribute important strategies to 

decrease infant mortality across the nation.
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Breastfeeding is the optimal source of nutrition for infants 7 and is associated with reduced 

risk of acute otitis media, gastrointestinal and severe lower respiratory infections, type 1 

diabetes, necrotizing enterocolitis (NEC), SIDS, asthma, and childhood obesity.8,9 Protective 

effects of breastfeeding against infectious diseases play an important role in reducing infant 

mortality in low- and middle-income countries.10,11 However, studies are limited in high-

income countries where infectious diseases account for a smaller portion of infant deaths, 

due to better resources of hygiene and control of infectious diseases.12

Analyzing a representative sample of US infants born in 1988, Chen and Rogan13 reported 

an adjusted odds ratio (AOR)=0·79 with 95% confidence intervals (CI)=0·67–0·93 for 

the association between initiation of breastfeeding and post-neonatal mortality, defined as 

deaths between 28 and 364 days. More recently in Shelby County, Tennessee, Ware and 

colleagues14 found that breastfeeding initiation was significantly associated with reductions 

in total post-perinatal mortality, defined as deaths between 7–364 days [AOR=0·81 (0·68–

0·97)] and late-neonatal mortality, defined as deaths between 7–27 days [AOR=0·49 (0·34–

0·72)]. Based on risk reductions associated with breastfeeding, it has been estimated that if 

90% of US infants exclusively breastfed for 6 months, more than 700 deaths among infants 

<1 year of age could be prevented annually.15 Breastfeeding may reduce infant mortality 

through optimized nutrition, improved feeding hygiene, enhanced maternal-infant bonding, 

and the unique immunological properties of breast milk with development of a healthy gut 

microbiome.16,17 However, no large US studies have examined breastfeeding and all-cause 

infant mortality.

Methods

Data source

The National Vital Statistics System (NVSS) led by the National Center for Health Statistics 

(NCHS) is a census of all live births and deaths in the US, derived from the Standard 

Certificates for Live Birth and Death.18,19 Starting in 2016, all 50 states and District 

of Columbia (DC) adopted the 2003 revision of the birth certificates, which includes 

breastfeeding initiation, allowing us to analyze US national data to examine the impact 

of breastfeeding initiation on infant death using linked birth and infant death files. Using 

NVSS data, we created the “2017 birth cohort” consisting of birth data from infants born 

in 2017 linked to infant death data occurring in 2017 or 2018 (up to one year after birth).20 

Only births and deaths occurring in the 50 states and DC were included. Among 3,864,754 

births in 2017, a total of 22,197 died before 365 days of life, yielding an IMR of 5·74 

per 1000 live births in this cohort. Exclusion criteria included infants born to mothers 

who were foreign residents (n=9,254), birth weight <500 grams (n=6,187), death <7 days 

(n=6,913), and death due to malignant neoplasms (n=42) or congenital anomalies (n=1,843), 

which limited the study to the US birth population and reduced the possibility of reverse 

causality. Births in California and Michigan were also excluded, as California did not report 

breastfeeding data to NCHS during the study period and Michigan collected breastfeeding 

data inconsistently. After excluding California (470,225), Michigan (109,886), and infants 

with missing breastfeeding data from other states (29,904), the final analytical population 
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included 3,230,500 births delivered in 2017, of which 6,969 infants died between 7–364 

days (Figure 1).

Outcome variables

Among 6,969 total post-perinatal deaths (7–364 days), there were 1,722 late-neonatal 

deaths (7–27 days) and 5,247 post-neonatal deaths (28–364 days). Cause of death was 

certified according to the International Classification of Diseases, Tenth Revision21 as 

follows: Causes due to infection included diarrhea and gastroenteritis of infectious origin 

(A09), whooping cough (A37), meningococcal infection (A39), septicemia (A40 to A41), 

meningitis (G00, G03), acute upper respiratory infections (J00 to J06), influenza and 

pneumonia (J10 to J18), acute bronchitis and bronchiolitis (J20 to J21), chronic and 

unspecified bronchitis (J40 to J42), congenital pneumonia (P23), and bacterial sepsis of the 

newborn (P36). Sudden Unexpected Infant Death (SUID) was used to describe the sudden 

and unexpected death of an infant; this includes SIDS (R95), accidental suffocation and 

strangulation in bed (ASSB, W75) and unknown (other ill-defined and unspecified cause of 

mortality, R99). Cause due to NEC is categorized by P77. Cause due to injuries are specified 

by unintentional injuries (V01 to X59) and assaults (*U01, X85 to Y09). All other deaths are 

coded as “Other” category.

Main exposure variable and covariates

Breastfeeding initiation was collected on the birth certificate with the question “Is the 

infant being breastfed at discharge?” with a “Yes” or “No” response option. The NCHS 

provided detailed guidance to assist in completion of the facility worksheet for the birth 

certificate including instructions that breastfeeding should be determined from medical 

records, based upon indication of receipt of any breast milk or colostrum during the period 

between delivery and hospital discharge.22 There was no information on the birth certificate 

regarding the duration or exclusivity of breastfeeding or formula supplementation.

All covariates were obtained from the birth certificate. Maternal characteristics included age, 

education, race and ethnicity, participation in the Special Supplemental Nutrition Program 

for Women, Infants, and Children (WIC) during pregnancy, marital status, timing of prenatal 

care initiation, smoking during pregnancy, pre-pregnancy body mass index (BMI), mode 

of delivery, birth plurality, principal source of payment for this delivery (insurance), 

and maternal diabetes and hypertension in this pregnancy. Infant characteristics included 

admission to the neonatal intensive care unit (NICU), gestational age, previous live births to 

the mother (birth order=1 for no previous children), birth weight, and infant sex.

Statistical Analyses

Breastfeeding initiation was coded as “Ever” versus “Never.” Cochran–Mantel–Haenszel 

tests were used to examine the associations of each maternal and infant characteristic 

with the binary outcomes of death (yes/no) and breastfeeding (ever/never). Logistic 

regression was used to model infant death and subsequently specific causes of death. 

Because associations between breastfeeding and infant mortality may vary by race/ethnicity, 

gestational age, and birthweight,13,14 stratified logistic regression analyses were performed 

by these factors. Each logistic regression model was adjusted for all covariates listed inTable 
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1 except for NICU and gestational age due to their high collinearities with birth weight. 

Covariates in multiple logistic regression analysis included parameters commonly associated 

with both increased infant mortality and lower breastfeeding rates, including maternal 

factors (maternal race/ethnicity, age, education, WIC status, marital status, prenatal care, 

smoking during pregnancy, pre-pregnancy BMI, mode of delivery, birth plurality, insurance, 

maternal diabetes and hypertension) and infant factors (birth order, sex, and birthweight).14 

In addition, birth weight was excluded from the adjusted analysis for specific cause of death 

due to NEC. This approach avoided overfitting the model because almost all infant deaths 

due to NEC were either preterm (<37 weeks) or had low birth weight (<2500 grams).

SAS Version 9·4 (Cary, NC) was used for all data analyses and results were considered 

statistically significant at p <0·05. The Centers for Disease Control and Prevention (CDC) 

determined that this study was not subject to Institutional Review Board review because only 

deidentified secondary data were analyzed.

Results

Table 1 lists the maternal and infant characteristics in this study. Of all live births included 

in this study, 20·5% were among mothers who were Hispanic, 54·8% non-Hispanic White, 

15·7% non-Hispanic Black, 5·3% non-Hispanic Asian, 0·2% non-Hispanic Hawaiian/Pacific 

Islander, and 0·9% non-Hispanic American Indian/Alaska Native. Although most mothers 

sought prenatal care during their first trimester (74·1%) and did not smoke during pregnancy 

(92·1%), a large proportion were classified as either having overweight (25·5%) or obesity 

(26·6%) based on BMI calculated from self-reported pre-pregnancy height and weight or 

had a Caesarean delivery (32·0%). Among the infants, 8·9% required NICU admission, 

11·6% were preterm (<37 weeks), and 8·1% had low birth weight (<2500g). This study 

excluded neonatal death within 7 days (6913), malignancy death (42) and congenital 

anomaly death (1843). Comparing with included death for this study, those excluded deaths 

were more likely to be infants born among mothers who were older than 35 years of age 

(12% vs. 20%), had a college education (13% vs. 22%) and of Hispanic origin (15% vs. 

24%).

The overall IMR among infants of non-Hispanic Black mothers was more than twice 

that of non-Hispanic White mothers (3·99 vs. 1·84 per 1000 births). Preterm and low 

birth weight infants also had a higher IMR compared with term (≥37 weeks) and normal 

birth weight infants (≥2500 grams) (Table 1). The breastfeeding initiation rate among 

all births was 83·6% and was significantly associated with each maternal and infant 

factor examined among all births. Among both late-neonatal and post-neonatal deaths, 

breastfeeding initiation rates were the highest for mothers with college education, being 

married, initiating prenatal care during the 1st trimester, non-smoking during pregnancy, and 

having private insurance (Table 2).

Multiple logistic regression analysis was performed on 2,700,334 breastfed and 530,166 

non-breastfed infants, adjusting for covariates (Table 3). Because of a relatively high 

percentage of missing data on BMI (2·4%) and initial prenatal care (2·6%), “missing” 

for these two covariates were included as a category in the models to increase the sample 
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size. Analysis revealed AOR=0·74 (95% CI=0·70–0·79, p<0·001) for overall mortality in 

breastfed infants, 0·60 (0·54–0·67, p<0·001) for late-neonatal mortality, and 0·81 (0·76–

0·87, p<0·001) for post-neonatal mortality. In stratified models for overall infant deaths, 

statistically significant results were noted for all race/ethnicity subgroups except non-

Hispanic Hawaiian/Pacific islanders, American Indians/Alaska Natives, and 2 or more 

races. Compared with AOR among post-neonatal deaths, the effect sizes of breastfeeding 

for late-neonatal deaths were larger across all race/ethnicity subgroups except for 2 or 

more races. Although the crude odds ratios indicated stronger associations of breastfeeding 

with infant deaths in each race/ethnicity, these estimates were attenuated after controlling 

for confounding factors, but remained significant for Hispanic, non-Hispanic White, non-

Hispanic Black, and non-Hispanic Asian infants. Except for birth weight ≥4000 grams, 

statistically significant AORs were consistently observed for overall infant deaths across 

different groups of gestational age and birth weight. Similarly, the adjusted analysis showed 

that the effect size of breastfeeding was consistently larger for late-neonatal deaths than for 

post-neonatal deaths, regardless of gestational age and birth weight.

Table 4 illustrates the associations of ever breastfeeding with the following causes of 

deaths: infections, injuries, SUID (including SIDS, ASSB and “unknown”), NEC, Injuries 

and “other” (including circulatory, short gestation, and all other causes). Statistically 

significant associations of ever breastfeeding and specific causes of death were observed 

for infection (AOR=0·81, 0·69 –0·94, p=0·007), SUID (AOR=0·85, 0·78–0·92, p<0·001), 

NEC (AOR=0·67, 0·49–0·90, p=0·009) and “other” (AOR =0·62, 0·56–0·69, p<0·001).

Discussion

In this study of linked birth-death data from over 3 million US infants born in 2017, we 

evaluated the associations between breastfeeding initiation and post-perinatal infant deaths. 

Our analysis revealed a 26% reduction in odds for overall post-perinatal deaths associated 

with the initiation of breastfeeding (95% CI=21%–30%, p<0·001). For late-neonatal deaths, 

the reduction in infant mortality was greater at 40% (95% CI=33%–46%, p<0·001), with 

19% reduction in post-neonatal deaths associated with the initiation of breastfeeding (95% 

CI=13%–24%, p<0·001). This large national study is consistent with previous findings in 

smaller cohorts, where breastfeeding initiation was associated with reduced post-neonatal 

deaths in a representative US sample of mothers with live births and infant deaths during 

198813 and with overall post-perinatal deaths in a cohort of infants from 2004 to 2014.14 

These significant associations between any breastfeeding and reduced infant mortality, 

particularly in the neonatal period suggest that efforts to promote, protect, and support 

breastfeeding may be an important infant mortality reduction strategy to reach Healthy 

People 2030 goals.23

Notably, our study excluded early neonatal deaths (0–6 days) as a previous study 

showed such deaths significantly differed from post-perinatal deaths (7–364 days) in the 

distributions of ICD 10 codes as well as maternal and infant characteristics.24 The exclusion 

of early neonatal deaths also helps reduce the possibility of reverse causality, since these 

infants were likely too sick to breastfeed. It is recommended, therefore, to consider early 

neonatal deaths as a discrete entity from post-perinatal deaths, and further studies on the 
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impact of breastfeeding on infants who died before 7 days are warranted. In addition, we 

separated infant deaths into late-neonatal and post-neonatal infant death in this study to 

distinguish patterns in the causes of death and associated maternal and infant risk factors 

between these two life states.

For the US to achieve the 2030 Healthy People IMR goal of 5·0 deaths per 1000 

infants, a 14% overall reduction is needed.23 We found statistically significant associations 

between any breastfeeding and post-perinatal infant deaths among most racial/ethnic 

groups, with 25% reductions in overall post-perinatal infant mortality for the non-Hispanic 

White population, 17% reduction in non-Hispanic Blacks, and even greater protection in 

association with breastfeeding among Hispanic and non-Hispanic Asian populations (36% 

and 49% lower death rates, respectively). The reasons for a smaller effect size among non-

Hispanic black population cannot be explained by further analysis of our data, but we offer 

two potential explanations. First, our analysis does not address the impact of breastfeeding 

duration and exclusivity, which is known to be significantly lower in the non-Hispanic Black 

population compared to all others except for American Indian and Alaska Natives.6 Thus, 

breastfeeding “dose” to the infant whose mother initiates breastfeeding is not equal by race. 

Second, the small effect size might be explained by other risk factors for which we were 

not able to fully adjust for. Social and structural determinants of infant death risks, such 

as poverty and structural racism, are more prevalent among non-Hispanic black population 

regardless of their breastfeeding status and thus may dilute the effect of breastfeeding. 

Given the high IMR in the US, any intervention that could reduce infant deaths would be 

worthwhile, even if itself alone does not reduce disparities proportionately.

The effect sizes with late-neonatal deaths were consistently larger than those with post-

neonatal deaths for each racial/ethnic group, with the largest 67% reduction observed 

among the non-Hispanic Asian population. These findings further support the promotion 

of breastfeeding as a potential important strategy to reduce infant mortality, especially 

neonatal deaths25. Noting that breastfeeding rates vary across American subpopulations and 

the social determinants of health including workplace support and structural racism must be 

addressed to mitigate barriers to breastfeeding,26 the Surgeon General has highlighted the 

need for culturally-appropriate breastfeeding promotion efforts27

This analysis from a high-income country setting adds to the literature already available 

from low- and middle-income country settings by demonstrating the protective association 

of breastfeeding initiation on overall post-perinatal deaths for infants, regardless of 

gestational age and across different birth weights including preterm (<37 weeks) and low 

birth weight (<2500 grams) infants. Significant reductions in late-neonatal deaths were also 

identified among all gestational age and birth weight groups examined, as well as reductions 

in post-neonatal deaths in gestational ages 34–40 weeks, and birthweight 1500–3999 grams. 

These data support the importance of breast milk for all infants, including preterm and 

low birth weight infants, and support the recommendation by the American Academy of 

Pediatrics to use human milk for all infants28

The current study further indicates the causes of death with reductions that are associated 

with breastfeeding initiation. Specifically, reduced odds for post-perinatal infant mortality 
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from infectious conditions (19%, p = 0·009), SUID (15%, p<0·001), NEC (23%, p = 0·009), 

and “Other” (38%, p<0·001) was observed (Table 4). The SUID grouping (including R99, 

R95, W75) is being increasingly used by researchers to produce more accurate comparisons 

in SUIDs over time.29 This grouping is important because individual death certifiers have 

varied preferences and practices with the use of the individual codes making comparisons 

between the sub-categories of SUID problematic due to “diagnostic shift”.30 In addition, 

the importance of breastfeeding for at least 2 months has been shown to reduce the risk 

of SIDS,9 but our study only evaluated the initiation of any breastfeeding, which may 

limit statistical significance for the SIDS subgroup in our findings. Similarly, the crude 

reduction in deaths due to injuries associated with breastfeeding, when adjusted for possible 

confounders that included socioeconomic factors such as insurance type, maternal age 

and education, was no longer statistically significant. This highlights the importance of 

addressing socio-economic risks for both injury prevention and breastfeeding promotion, 

protection, and support.

These linked birth–death data provided a unique opportunity to examine post-perinatal infant 

mortality reduction in relation to breastfeeding initiation. This study has several strengths: 

all the infants born in the US are included in this study except for those from California 

and Michigan; this prospective birth cohort followed infants born in 2017 for an entire year 

to ascertain their death rates and causes; stratified analysis and controlling for a series of 

maternal and infant factors in the adjusted analysis provide more appropriate estimates for 

true associations of breastfeeding with post-perinatal infant mortality.

An important limitation of our analysis is the lack of data regarding duration and exclusivity 

of breastfeeding from birth certificates. Future studies should focus on the duration and 

intensity of breastfeeding to determine if the significant reductions in infant mortality are 

further related to timing, exposure, and/or dose response to breast milk. In addition, using 

the vital statistic data alone, this study could not identify the causal pathway between 

initiating breastfeeding and infant mortality, such as structural racism and other social 

determinants of health that impact breastfeeding practices and infant outcomes especially 

among Black women.31 These upstream factors are recognized as barriers to both initiation 

and continuation of breastfeeding and should be addressed to support breastfeeding. Lastly, 

although many social factors that create barriers to breastfeeding such as lack of paid 

maternity leave and the need to return to work, access to breastfeeding support, and presence 

of peer role models are not available on the birth certificate data, the socio-demographic 

characteristics such as type of insurance, WIC participation, maternal age and education, 

race and ethnicity are proxy of these possible confounding effects. Controlling for these 

available factors lessened the association in almost all categories and causes of death, which 

highlights the importance of addressing societal factors in the promotion, protection, and 

support of breastfeeding to improve health equity. Despite our statistical efforts towards 

a more robust study design, we may not have completely ruled out the reverse causality 

and residual confounding effects given the nature of this study. To address how robust 

our findings are to potential uncontrolled confounding, we have conducted a sensitivity 

analyses using E-value.32 To explain away the observed associations between breastfeeding 

and overall infant death, late-neonatal death, and post-neonatal death, the minimum strength 

of the association (E-value) between the unmeasured confounding and breastfeeding or 
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infant death would be 2.04, 2.73, and 1.76, respectively. These large E-values imply that 

unmeasured confounding, if existing, needs to be strong to explain away the association 

observed in this study.

In conclusion, we have identified significant associations between the initiation of any 

breastfeeding and reduced post-perinatal deaths in the US population, with consistent 

findings in various stratified analyses representing different demographics and health status. 

These findings support integrating efforts to promote, protect, and support breastfeeding for 

US infant mortality reduction efforts.
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Research in context

Evidence before this study

The benefits of breastfeeding on reducing infant and child morbidity and mortality 

have been well documented for the developing world. The 2016 Breastfeeding Lancet 

Series continues to provide unequivocal evidence regarding the numerous risk reductions 

that optimal breastfeeding practices offer to children and women worldwide and the 

major savings that improving these practices can have due to public health benefits. 

However, only two small studies in the United States have assessed the associations of 

breastfeeding with all-cause infant mortality up to now.

Added value of this study

Our study is the first linking all births in the United States to infant deaths up to one year 

after birth to evaluate whether the benefits of breastfeeding on reducing infant mortality 

is also evident in a developed country. We found a 26% reduction in odds for overall 

post-perinatal deaths from 7 to 364 days associated with the initiation of breastfeeding. 

For late-neonatal deaths from 7 to 27 days, the reduction in infant mortality was greater 

at 40%, with 19% reduction in post-neonatal deaths from 28 to 364 days associated with 

the initiation of breastfeeding. Statistically significant effects of breastfeeding were also 

observed for infant deaths due to infections (AOR=0·81, 0·69–0·94, p=0·007), Sudden 

Unexpected Infant Death (AOR=0·85, 0·78–0·92, p<0·001), and necrotizing enterocolitis 

(AOR=0·67, 0·49–0·90, p=0·009).

Implications of all the available evidence

These findings support integrating efforts to promote, protect, and support breastfeeding 

as one of the key strategies for US infant mortality reduction efforts.
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Figure 1. 
Sample Flow
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