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Introduction: Initiation of breastfeeding has been associated with reduced post-perinatal infant 

mortality. Although most states have initiatives to protect, promote, and support breastfeeding, no 

analysis of the association between breastfeeding and infant mortality has been conducted at the 

state and regional levels. To understand the associations between breastfeeding and post-perinatal 

infant mortality, the initiation of breastfeeding with post-perinatal infant mortality was analyzed by 

geographic region and individual states within each region.

Methods: This study was a prospective cohort analysis linking U.S. national birth and post-

perinatal infant death data for nearly 10 million infants born in 2016–2018, who were then 

followed for 1 year after birth and analyzed in 2021–2022.

Results: A total of 9,711,567 live births and 20,632 post-perinatal infant deaths from 48 states 

and the District of Columbia were included in the analysis. The overall AOR and 95% CIs 

for breastfeeding initiation with post-perinatal infant mortality was 0.67 (0.65, 0.69, p<0.0001) 

for days 7–364. All 7 U.S. geographic regions had significant reductions in post-perinatal 

infant deaths associated with breastfeeding initiation; Mid-Atlantic and Northeast regions had 

the largest reductions with AOR of 0.56 (95% CI=0.51, 0.61, p<0.001 and 0.50, 0.63, p<0.001, 

respectively), whereas the Southeast had the smallest reduction with AOR of 0.79 (95% CI=0.75, 

0.84, p<0.001). Statistically significant results were noted for 35 individual states for reduction in 

total post-perinatal infant deaths.

Conclusions: Although regional and state variation in the magnitude of the association between 

breastfeeding and infant mortality exists, the consistency of reduced risk, together with existing 

literature, suggests that breastfeeding promotion and support may be a strategy to reduce infant 

mortality in the U.S.

INTRODUCTION

The health and well-being of a nation are reflected in its infant mortality rate (IMR), defined 

as death before the first birthday per 1,000 live births.1 The U.S. continues to have higher 

infant mortality than other high-income countries around the world.2,3 The 5 leading causes 

of infant death in the U.S. are congenital anomalies, preterm birth, sudden infant death 

syndrome, injuries, and maternal complications of pregnancy.4 Within the U.S. population, 

there are pronounced racial, ethnic, and geographic disparities in infant mortality, with the 

highest rates among American Indian/Alaska Native (AI/AN) populations.4 In 2020, there 

were 5.4 infant deaths per 1,000 live births in the U.S. overall, but with a diverging rate of 

10.6 per 1,000 for non-Hispanic Black infants compared with 4.5 per 1,000 in non-Hispanic 

White infants. Geographically, the highest IMRs were found in Southern states.4 Similarly, 

racial and ethnic disparities were found in breastfeeding rates in the U.S., with 85.3% 

breastfeeding initiation among non-Hispanic White infants, compared with 74.1% among 

non-Hispanic Black infants, on the basis of the 2019 birth cohort.5 Geographic disparities 

also persist, with the lowest breastfeeding initiation rates in much of the Southeastern 

region, compared with the highest initiation rates in the Northwestern states.5 Disparities by 

race occur for many outcomes, including both infant mortality and breastfeeding,6 because 

of a multitude of factors, including social determinants of health.7 It is well accepted 

that breastfeeding is associated with reduced infant mortality in low- and middle-income 

countries,8 and several recent U.S. studies have also documented an association of decreased 
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infant mortality with the initiation of breastfeeding.9–11 Accordingly, the inclusion of 

breastfeeding support as an infant mortality reduction strategy is emerging as an important 

priority in the U.S.

Breastfeeding is recognized as normative nutrition for infants and is considered a 

public health imperative with many short- and long-term improved health outcomes for 

both mother and child, including significant reductions in all-cause infant mortality12–

15 and specific protection against sudden infant death syndrome13 and necrotizing 

enterocolitis in preterm infants.14 The updated American Academy of Pediatrics policy 

statement on “Breastfeeding and the Use of Human Milk” continues to recommend 

exclusive breastfeeding for about 6 months, with a continuation of breastfeeding, along 

with complementary foods, for up to 2 years and beyond,12 in alignment with WHO 

recommendations.15 The updated American Academy of Pediatrics policy statement on 

reducing the risk of sleep-related deaths also recommends breastfeeding for at least 1 

year and as long thereafter as mutually desirable.16 Despite these recommendations, the 

rates for both exclusivity and duration of breastfeeding in the U.S. remain low, with only 

24.9% of women exclusively breastfeeding at 6 months and only 35.9% continuing with 

any breastfeeding through 1 year.5 Similar racial, ethnic, and geographic disparities exist in 

breastfeeding exclusivity and duration.5

Previous U.S. studies examined infant mortality with initiation of breastfeeding, 

documenting a statistically significant 21% reduced risk for post-neonatal infant death (28–

364 days) in a representative 1988 sample,9 a 19% reduced risk in post-perinatal infant death 

(7–364 days) in a single county cohort of 149,679 live births and 598 deaths from 2004 to 

2014,10 and a 26% reduced risk of post-perinatal infant death for almost 3 million infants in 

the U.S. 2017 birth cohort.11

Although most states advocate breastfeeding promotion, protection, and support activities,17 

analysis of the association between breastfeeding and infant mortality has not been 

conducted at the state and regional levels. To provide data that could support state 

breastfeeding efforts, the association of breastfeeding with post-perinatal infant mortality 

by region and state was analyzed for almost 10 million infants born in the U.S. from 2016 to 

2018.

METHODS

Study Sample

The National Vital Statistics System, led by the Centers for Disease Control and 

Prevention’s (CDC) National Center for Health Statistics (NCHS), is a census of all live 

births and deaths in the U.S., derived from the Standard Certificates for Live Birth and 

Death.18,19 Starting in 2016, all 50 states and the District of Columbia (DC) adopted a 

2003 revision of the birth certificate that records breastfeeding initiation, allowing analysis 

of U.S. national data to examine the impact of breastfeeding on post-perinatal infant death, 

linking birth and infant death files. National Vital Statistics System birth/death linked data 

were used to create the cohort of this study that includes infants born in 2016, 2017, or 

2018 and post-perinatal infant death data occurring in the same birth year or the following 

Ware et al. Page 3

Am J Prev Med. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



year (up to 1 calendar year after birth).20 Births in California and Michigan were excluded; 

California did not report breastfeeding data to NCHS, and Michigan collected breastfeeding 

data inconsistently. Data on births and post-perinatal infant deaths occurring in the other 48 

states and DC were used for this analysis.

Measures

Two outcome variables were used for infant deaths: total post-perinatal infant deaths, 

defined as deaths from 7 to 364 days and early post-perinatal infant deaths, defined as deaths 

from 7 to 182 days. The main exposure variable, breastfeeding initiation, was collected with 

the question, Is the infant being breastfed at discharge? and a Yes or No response. NCHS 

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

birth certificate, including instructions that breastfeeding should be determined from medical 

records on the basis of receipt of any breast milk or colostrum at any time during the period 

between delivery and hospital discharge.21 Home births and births occurring in free-standing 

birth centers were included. No data were available regarding the duration or exclusivity of 

breastfeeding or formula supplementation.

All covariates for factors commonly associated with both breastfeeding and infant mortality 

were obtained from birth certificates. Maternal characteristics included age; education; race 

and ethnicity; participation in the Special Supplemental Nutrition Program for Women, 

Infants, and Children (WIC) during pregnancy; smoking during pregnancy; delivery method; 

and birth plurality. Infant characteristics included gestational age and infant sex. Because 

of the small amount of missing data on the delivery method (n=3,663) and gestational age 

(n=4,436), participants missing these 2 covariates were removed from the models to avoid 

convergence problems. No data were imputed; a separate unknown category was created for 

missing covariate data.

Statistical Analysis

Cochran–Mantel–Haenszel tests examined the associations between each maternal and 

infant characteristic and the binary outcomes of breastfeeding initiation (yes/no) and death 

(yes/no). Multiple logistic regression was used to model both total post-perinatal infant 

deaths (7–364 days) and early post-perinatal infant deaths (7–182 days) for each region and 

state. Using regions defined by the U.S. Department of Agriculture’s Food and Nutrition 

Service, data were categorized into 7 geographic regions (Mid-Atlantic, Midwest, Mountain 

Plains, Northeast, Southeast, Southwest, Western) and for each state within the region, in 

alphabetical order.22 SAS, Version 9.4 (Cary, NC), was used for all data analyses in 2021–

2022, and results were considered statistically significant at p<0.05. CDC determined that 

this study was not subject to IRB review because only deidentified secondary data were 

analyzed.

RESULTS

Among 11,622,400 births from 2016 to 2018, a total of 66,503 infants died before 365 

days of life, yielding an IMR of 5.72 per 1,000 live births in the combined cohort 

(Figure 1). Subsequent exclusion criteria included infants born to mothers who were 
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foreign residents (n=29,313), birth weight <500 grams (n=18,614), death <7 days of 

life (n=20,770), and death due to malignant neoplasms (n=162) or congenital anomalies 

(n=5,667), which focused the study on the U.S. birth population and reduced the possibility 

of reverse causality. After excluding California (1,410,993), Michigan (330,303), and infants 

with missing breastfeeding data from other states (95,011), the final analytical population 

included 9,711,567 births from 2016 to 2018, of which 20,632 infants died between 7 and 

364 days (Figure 1). Among these post-perinatal infant deaths (7–364 days), 17,240 were in 

early infancy (7–182 days), and 3,392 were in late infancy (183–364 days).

Table 1 lists the maternal and infant characteristics included in this analysis. Among all live 

births, 20.6% were born to mothers who were Hispanic, 54.9% were born to mothers who 

were non-Hispanic White, 15.5% were born to mothers who were non-Hispanic Black, 5.3% 

were born to mothers who were non-Hispanic Asian, 0.2% were born to mothers who were 

non-Hispanic Hawaiian/Pacific Islander, and 0.9% were born to mothers who were non-

Hispanic AI/AN. Most mothers did not smoke during pregnancy (92.2%), approximately 

one third had Cesarean delivery (31.9%), and 11.6% were preterm (<37 weeks). Excluded 

deaths were more likely among infants born to mothers aged >35 years (13% vs 20%), 

mothers with a college education (14% vs 22%), and mothers of Hispanic origin (15% vs 

24%) than included deaths (data not shown).

The overall post-perinatal IMR among non-Hispanic Black mothers was more than twice 

that among non-Hispanic White mothers (4.07 vs 1.79 per 1,000 births). Preterm infants 

also had a much higher post-perinatal IMR than term babies (7.97 vs 1.36 per 1,000 

births) (Table 1). The breastfeeding initiation rate among all births was 83.6% and was 

significantly associated with each maternal and infant factor. Factors associated with 

higher breastfeeding initiation included older age, college education, non-Hispanic Asian 

race, non-WIC participants, nonsmoking during pregnancy, vaginal delivery, and singleton 

pregnancies. All of these subpopulations also had the lowest post-perinatal infant mortality. 

Live births, post-perinatal infant deaths, and breastfeeding initiation rates by region and state 

are shown in Table 2. This table shows large geographic variations of both breastfeeding 

initiation rates and IMRs across the U.S. IMRs are generally higher in the states that had 

lower breastfeeding rates. Results from multiple logistic regression analysis by region and 

by state, with adjustment for maternal age, education, race/ethnicity, WIC participation, 

smoking during pregnancy, delivery method, plurality, gestational age, and infant sex, are 

shown in Appendix Table 1 (available online).

The AOR and its 95% CI for the associations between breastfeeding and infant mortality 

are illustrated in Figure 2A (total post-perinatal death) and 2B (early post-perinatal infant 

death). For the entire U.S. cohort, breastfeeding initiation and post-perinatal infant mortality 

had an overall AOR of 0.67 (95% CI=0.65, 0.69, p<0.0001) for days 7–364. All 7 

geographic regions showed significant reductions; the Mid-Atlantic and Northeast had 

the largest reductions with AOR of 0.56 (95% CI=0.51, 0.61 and 95% CI=0.50, 0.63, 

respectively; p<0.001) for total post-perinatal infant deaths, and the Southeast had the 

smallest but still significant reduction with AOR of 0.79 (95% CI=0.75, 0.84, p<0.001) for 

total post-perinatal infant deaths. Similar to regional estimates, the adjusted analysis for each 

state showed a smaller effect size of breastfeeding after controlling for maternal and infant 
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characteristics. Across the 48 states plus DC, statistically significant results were noted in 

35 states for total post-perinatal infant deaths and in 32 states for post-perinatal early infant 

deaths (p<0.05).

DISCUSSION

This study of nearly 10 million U.S. infants reaffirms previous studies documenting 

the strong association between breastfeeding initiation and reduced post-perinatal infant 

mortality.9–11 A significant association (AOR=0.67) between breastfeeding and post-

perinatal infant mortality for deaths was identified in the first year of life (7–364 days) and 

early post-perinatal infant deaths (7–182 days) (AOR=0.67). Significant associations were 

also noted for all 7 U.S. geographic regions, with the largest effect size in the Northeast and 

Mid-Atlantic (AOR=0.56) and the smallest effect size in the Southeast (AOR=0.79) for post-

perinatal infant death. Large geographic variation in the association between breastfeeding 

initiation and post-perinatal infant death was also found across most of the 48 states and 

DC, with significant protective associations noted in most states. However, it is important to 

recognize that this observational study cannot show causation.

This study excluded infants who died at <7 days, to reduce the possibility of reverse 

causality because these infants may have been too ill to breastfeed and/or receive mother’s 

milk. This approach is supported by recent research suggesting that specifically for sudden 

unexpected infant death in the first 7 days of life, there are different risk factors such that the 

first 7 days should be considered separately in epidemiologic studies.23 Early neonatal death 

(deaths between 0 and 7 days) continues to be a challenge worldwide, with prematurity and 

congenital anomalies as the leading causes in high-income countries.24

State IMRs vary widely, and disparities between non-Hispanic Black and non-Hispanic 

White infants are significant.4 There are also disparities in infant mortality between non-

Hispanic White infants and non-Hispanic Native Hawaiian or Pacific Islander and for non-

Hispanic AI/AN infants.4 Variations in the non-Hispanic Black–White infant mortality ratio 

are evident, yet improvements in this gap were reported using 1999–2013 birth–death linked 

data.25 In addition, there are marked disparities in breastfeeding rates between non-Hispanic 

Black and non-Hispanic White infants.5

In 2013, former Secretary of Health and Human Services, Kathleen Sebelius, called for the 

first national strategy to address infant mortality, with 33 mentions of the importance of 

breastfeeding.26 The committee identified 5 areas of evidenced-based strategies for reducing 

infant mortality through primary prevention, including breastfeeding. Some states highlight 

the importance of breastfeeding support in their infant mortality reduction efforts.27–33 

The lowest breastfeeding initiation rates (Table 2) were seen in Mississippi, Loss Angeles, 

West Virginia, Arkansas, Alabama, and Kentucky, overlapping with some of the highest 

IMRs.4 These observations also align with local data in the recent CDC county breastfeeding 

initiation map, which identifies low breastfeeding initiation in counties within the Delta and 

Appalachian regions,34 consistent with published IMR county data.35 These correlations 

suggest opportunities for breastfeeding promotion, protection, and support to be included as 

one component in comprehensive infant mortality reduction initiatives across the U.S.
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Compared with those of other high-income countries, the U.S. has a relatively high IMR. 

IMRs in the U.S. are inversely associated with disadvantaged SES, income inequality, and 

race.36 Race is a social construct, but the systemic or structural disadvantages associated 

with race contribute to health disparities,37 including IMR and differences in breastfeeding 

practices.38 Therefore, the impact of race is important to consider. A Black infant is 2.4 

times more likely to die before his or her first birthday in the U.S. than a White infant,4 and 

in certain local regions, such as Shelby County Tennessee, this disparity is even greater.10 

Suboptimal breastfeeding is associated with higher infant mortality and may play a role 

in the 2.2 times number of excess child deaths (95% CI=1.6, 2.8) in the non-Hispanic 

Black population compared with that in the non-Hispanic White population.6 However, 

several studies have reported that non-Hispanic Black infants have weaker protective 

associations between breastfeeding initiation and infant mortality than those of other races 

as documented in a recent mediation analysis,39 suggesting that competing risks correlated 

with structural and social disadvantages may somewhat dilute the protective association of 

breastfeeding in non-Hispanic Black infants.10,11,40 Nevertheless, breastfeeding is associated 

with a strongly protective effect against infant mortality in all populations. Chiang and 

colleagues have noted that states with the largest racial/ethnic disparities in breastfeeding 

initiation generally have lower overall breastfeeding initiation.41 Working to improve 

breastfeeding in population subgroups with low breastfeeding rates, along with addressing 

other health inequities with a focus on improved social determinants of health, may save 

lives in the populations most impacted by high infant mortality.

A notable aspect of this study was the additional analysis of early post-perinatal infant 

deaths from 7 to 182 days of life, with an AOR (0.67, 33% reduction) in the adjusted 

analysis identical to the AOR for total post-perinatal infant death (7–364 day) period. Most 

post-perinatal infant deaths, including sudden unexpected infant deaths, occurred in the 

first 6 months, which is relevant because only 55.8% of U.S. women are breastfeeding 

or providing any breastmilk at 6 months, and only 24.9% are exclusively breastfeeding as 

recommended through 6 months.5 For the 5 states with the highest infant mortality,4 all had 

<50% provision of any breastmilk at 6 months,5 suggesting that some of the variability in 

associations between breastfeeding initiation and mortality may be a result of not accounting 

for breastfeeding duration as well as a number of other factors. Because breastfeeding 

duration for ≥3 months has been associated with decreased infant mortality,9 the current 

analysis using only breastfeeding initiation may underrepresent the actual association of 

breastfeeding on infant mortality.

In this analysis, almost all states have AOR <1.00, and most are statistically significant, 

as illustrated in Figure 2. For those that are not, the CI is generally very wide, influenced 

in large measure by the relatively small number of infant deaths in those states. Regional 

estimates are also more reliable with smaller CIs and can be used for reference. The 

higher AOR in the Southeastern region, including states where CI crosses 1.00, may be 

explained by competing risk factors for infant mortality and breastfeeding, including social 

determinants of health not captured in this analysis such as stress, poverty, structural health 

inequality, and racism, which have been documented in previous studies.10,39
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Strengths of this study include (1) the inclusion of nearly 10 million infants born in the 

U.S. from 2016 to 2018, (2) a prospective study design with infants followed for an entire 

year to ascertain a possible outcome of death, and (3) the first study examining regional and 

state variations on the associations of ever breastfeeding with post-perinatal infant mortality 

across the U.S.

Limitations

Limitations of this study include the finite number of available characteristics recorded on 

the birth certificate and the fact that only receipt of any breastmilk before hospital discharge 

was captured, so the associations of breastfeeding duration or exclusivity could not be 

examined. In addition, only about 57% of the eligible population participated in WIC,42 

which was used as a proxy for poverty. Finally, the lack of information regarding social 

determinants of health on the birth certificate at the individual level, including economic 

stability, the neighborhood and built environment, social and community support, access to 

quality health care, lack of paid maternity leave, and racism, all represents limitations.

CONCLUSIONS

This study of a large cohort of approximately 10 million U.S. infants born during 2016–

2018 found a strong association between breastfeeding initiation and reduced post-perinatal 

infant mortality across all 7 geographic regions and for most individual states. There were 

geographic variations in these associations ranging from a 44% reduction in odds for overall 

post-perinatal deaths in the mid-Atlantic and Northeast regions to 21% in the Southeast 

region. Addressing breastfeeding disparities may improve the health of mothers and their 

babies and help to reduce adverse outcomes. The consistency of the association between 

breastfeeding and lower infant mortality supports the inclusion of the promotion, protection, 

and support of breastfeeding as a strategy for all states and regions in their infant mortality 

reduction initiatives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of sample size selection for the data analysis.
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Figure 2. 
AORs and 95% CIs of breastfeeding initiation and post-perinatal death by region and state 

in the U.S. (A) Total post-perinatal infant death: infant death from 7 to 364 days. (B) 

Early post-perinatal infant death: infant death from 7 to 182 days. Adjusted covariates 

are maternal age, education, race/ethnicity, WIC participation, smoking during pregnancy, 

delivery method, plurality, gestational age, and infant sex.

WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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