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Objectives

• Identify the association between breastfeeding and 

post-perinatal infant mortality in the US

• Explain the opportunity for breastfeeding 

promotion, protection, and support in infant 

mortality reduction initiatives



US Breastfeeding Rates

https://www.cdc.gov/nccdphp/dnpao/data-trends-maps/index.html 

https://www.cdc.gov/nccdphp/dnpao/data-trends-maps/index.html


Breastfeeding Disparities in US
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US Breastfeeding Rates for 2020 Births by Race/Ethnicity
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https://www.cdc.gov/breastfeeding/data/nis_data/rates-any-exclusive-bf-socio-dem-2020.html 

https://www.cdc.gov/breastfeeding/data/nis_data/rates-any-exclusive-bf-socio-dem-2017.html
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https://www.usbreastfeeding.org/state-breastfeeding-reports.html 

https://www.usbreastfeeding.org/state-breastfeeding-reports.html


https://www.usbreastfeeding.org/state-breastfeeding-reports.html 

https://www.usbreastfeeding.org/state-breastfeeding-reports.html


US Breastfeeding Initiation by County

https://www.cdc.gov/breastfeeding/data/county/breastfeeding-initiation-rates.html 

https://www.cdc.gov/breastfeeding/data/county/breastfeeding-initiation-rates.html


https://www.cdc.gov/breastfeeding/data/county/breastfeeding-initiation-rates.html 

https://www.cdc.gov/breastfeeding/data/county/breastfeeding-initiation-rates.html


Infant Mortality

• Infant mortality is defined as 

death of a child before the first 

birthday.

• The IMR (infant mortality rate –

defined as deaths per 1000 live 

births) is an overall indicator of a 

nation’s well-being.

• US IMR is higher than other 

high-income countries, and 

disparities exist by race/ethnicity.
https://data.oecd.org/healthstat/infant-mortality-rates.htm 

https://data.oecd.org/healthstat/infant-mortality-rates.htm


Global Mortality Rates by Age, 1990-2020

Source: United Nations Inter-agency Group for Child Mortality Estimation (UN IGME), 2021

https://data.unicef.org/resources/levels-and-trends-in-child-mortality/


US Infant Mortality

• 5.44 deaths per 1000 live births (2021)

• Healthy People 2030 goal, 5.0 deaths per 1000 live births

• Leading causes of death:

– Congenital malformations 

– Short gestation and low birth weight 

– Maternal complications of pregnancy 

– Sudden infant death syndrome 

– Unintentional injuries 

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/infantmortality.htm

https://health.gov/healthypeople/objectives-and-data/browse-objectives/infants/reduce-rate-infant-deaths-mich-02  

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/infantmortality.htm
https://health.gov/healthypeople/objectives-and-data/browse-objectives/infants/reduce-rate-infant-deaths-mich-02


US Infant Mortality Rates 2021

https://www.cdc.gov/nchs/pressroom/sosmap/infant_mortality_rates/infant_mortality.htm 

https://www.cdc.gov/nchs/pressroom/sosmap/infant_mortality_rates/infant_mortality.htm


US Infant Mortality Trends

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6487507/pdf/IJMA-8-19.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6487507/pdf/IJMA-8-19.pdf


Infant Mortality by Race and Ethnicity

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/infantmortality.htm 

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/infantmortality.htm


Appalachia and Delta Regions 

https://www.cdc.gov/nchs/data/nvsr/nvsr70/nvsr70-06-508.pdf 

https://www.cdc.gov/nchs/data/nvsr/nvsr70/nvsr70-06-508.pdf


Breastfeeding Initiation by County



Tennessee Infant Mortality Rates

“505… that’s the 

equivalent of 

26 kindergarten

classrooms!”

https://www.tn.gov/health/health-program-areas/fhw/infant-safe-sleep-and-sids/data-and-statistics.html 

https://www.tn.gov/health/health-program-areas/fhw/infant-safe-sleep-and-sids/data-and-statistics.html


https://www.tn.gov/health/health-program-areas/tennessee-vital-signs/redirect-tennessee-vital-signs/vital-signs-actions/infant-mortality.html 

https://www.tn.gov/health/health-program-areas/tennessee-vital-signs/redirect-tennessee-vital-signs/vital-signs-actions/infant-mortality.html


Breastfeeding is…

• The normative standard for infant feeding and nutrition

• Associated with reduced risk of:

– Otitis Media

– Gastrointestinal and severe respiratory infections

– Type I Diabetes Mellitus

– Necrotizing Enterocolitis (NEC)

– Sudden Infant Death Syndrome

– Asthma

– Childhood obesity
Ip S, Chung M, Raman G, et al. Breastfeeding and Maternal and Infant Health Outcomes in Developed Countries. Evidence Report/ Technology Assessment No 2007;153. AHRQ Publication No. 07-E007. Rockville, MD April. 

Hauck FR, Thompson JM, Tanabe KO, Moon RY, Vennemann MM. Breastfeeding and reduced risk of sudden infant death syndrome: A meta analysis. Pediatrics 2011;128:103–10. 

 WHO Collaborative Study Team on the Role of Breastfeeding on the Prevention of Infant Mortality. Effect of breastfeeding on infant and child mortality due to infectious diseases in less developed countries: a pooled analysis, 355. Lancet; 2000. p. 451–5. 

 Victora CG, Bahl R, Barros AJ, Franca GV, Horton S, Krasevec J, ¸ Murch S, Sankar MJ, Walker N, Rollins NC. Lancet Breastfeeding Series Group. Breastfeeding in the 21st century: epidemiology, mechanisms, and lifelong effect. Lancet 2016;387(10017):475–90



Breastfeeding associated with reduced 

risks for infants

• SIDS – 40% lower risk with breastfeeding 2-4 months (60% 4-6 

months) Thompson, et al., 2017.

• Infant mortality in developing countries – threefold greater risk 

(partial vs. exclusive) 14-fold greater risk (no breastfeeding vs. 

exclusive) Sankar, et al., 2015

• Necrotizing enterocolitis – lower risk with exclusive human milk 

diet Sullivan,et al., 2010

• Post-neonatal mortality in US - 20% lower risk with any 

breastfeeding Chen and Rogan, 2004



Association of Breastfeeding and 

Postneonatal Death in the US

Aimin Chen, MD, PhD

Walter Rogan, MD



Study design

• 1988 National Maternal and Infant Health Survey (NMIHS)
Representative sample of live births and infant deaths in US in 1988

Oversampling of black and low birth weight babies

• Case-control study
Cases: Post-neonatal death 

• Exclude death < 28 days

• Exclude deaths from congenital anomalies and malignancies

Controls: live born child, survived 1st year of life

Breastfed ever/never
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Ever Breastfed and Odds Ratios for 

Postneonatal Deaths (PNN)

Alive @ 1 year PNN deaths AOR (95% CI)

N % BF N % BF

All 7,740 40 1204 31 0.8 (0.7-0.9)

Black

Non-Black

4,038

3,702

26

55

561

643

16

44

0.7 (0.5-0.9)

0.8 (0.7-0.98)



Shelby County, Tennessee

“Born to Die”

  Community gravesite in Memphis, TN

  Commercial Appeal, March 2005

  Karen Pulfer Focht, photojournalist



Inverse Relationship Over Time
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Data Source:  Tennessee Department of Health, Office of Policy, Planning and Assessment, Division of Health Statistics,

Birth and Death Certificate Files for Shelby County Residents, 2004 – 2015. 



Shelby County Breastfeeding Timeline

2004      2005       2006       2007       2008       2009        2010       2011       2012       2013       2014

SCBC Begins

15 Lunch 

and Learns

First OB 

Resident Lecture

Dr. Audrey Naylor visits 

Memphis Birth Hospitals 

and gives Grand Rounds

TIPQC Breastfeeding 

Promotion Project: 

Prenatal Setting

First Billboard and 

Transit Signs: 

“Babies Were Born 

to be Breastfed”

AAP CATCH grant 

“Investigating Gaps 

in Breastfeeding 

Support

Pediatric and 

OB Resident 

Education

First Community Wide Invited Event 

with “Not the Usual Suspects” and 

Invited Speaker, Dr. Michal Young, 

Cultural Barriers

2nd Billboard and 10 

Bus Stop signs with 

Shelby County 

Family

Health Fair 

participation

Community Event 

with Dr. Miriam 

Labbok

Surgeon General 

Call to Action

Dr. Lori Feldman-Winter, 

Combined Peds-OB 

Grand Rounds, visits 

Birth Hospitals

New Billboard 

and Transit 

Signs

TIPQC Breastfeeding 

Promotion Project: 

Delivery Setting
Faith-based 

Initiative

Tenneessee 

Breastfeeding 

Hotline
40%

50%

60%

70%

80%



“Picture-Perfect Family for Campaign”
March 2009 

• Shelby County Infant Mortality Reduction Initiative provided 
funding, as well as community members. 

• 1 Billboard and 10 transit signs placed

• Billboard stayed up for over 2 years!



Not the Usual Suspects



Methods 

• 2004 to 2014 Birth Cohort 

– Data source: Tennessee Department of Health, Birth and Death 
Certificate Data, 2004-2014

– Live Birth Certificate linked to Infant Death Certificate

– Excluded infants <500g, death < 7 days, deaths due to congenital 
anomalies and malignant neoplasms

– 148,679 live births, 598 infant deaths, (153 neonatal deaths, 445 
post-neonatal deaths)



Methods

• Univariate analyses comparing infants who survived vs. infant 

deaths on maternal and infant characteristics

• Cochran-Mantel Haenszel analyses comparing breastfeeding 

and infant death on maternal and infant characteristics

• Logistic regression analysis
– Outcome - Infant death (death before 1st birthday)

• Neonatal death (death < 28 days)

• Post-neonatal death  (death ≥ 28 days & before 1st birthday)
– Exposure - Breastfed ever/never

– Adjustment for potential confounders



Covariates

• Race

• Maternal age

• Maternal education

• Medicaid/WIC status 

• Marital Status

• Maternal BMI

• Smoking During Pregnancy

• Prenatal Care

• Cesarean Delivery

• Birth Plurality

• Sex

• Birth order

• Birth weight



Shelby County Birth Cohort 

2004-2014
59.1% self-reported as black

37.4% self-reported as white

56.1% maternal age between 20-29

73.8% had at least a high school education

68.6% in poverty (WIC/Medicaid as proxy)

60.2% unmarried

 7.2% smoking during pregnancy

48.1% overweight or obese

33% Cesarean delivery

12.3% < 37 weeks

10.6% < 2500 grams

  7.9% admitted to NICU



Breastfeeding Characteristics 

of Cohort

• 59.6% of entire cohort initiated breastfeeding

• 78.5% white babies initiated breastfeeding

• 46.7% black babies initiated breastfeeding

• Among overall infant deaths

• 54.1% white babies initiated breastfeeding

• 36.4% black babies initiated breastfeeding

• Significant differences in breastfeeding between   

     infant deaths and survived births for each

     characteristic and overall, neonatal, and 

     post-neonatal mortality



Results

• Initiation of any breastfeeding is significantly associated 

with reduced infant mortality in a cohort of Shelby County, 

Tennessee babies 
-- even when controlling for selected possible confounders

-- adjusted OR = 0.81, (95% CI 0.68-0.97)

• This association holds for neonatal deaths, but was not 

statistically significant for post-neonatal deaths
-- Neonatal Mortality:  -- adjusted OR = 0.49, (95% CI 0.34-0.72)

-- Post-neonatal Mortality:  -- adjusted OR = 0.95, (95% CI 0.78-1.17) 

19% reduced risk

51%

5%



Causes of Death

Cause of 

Death

Live births used in model 

(N)
Infant deaths (N)

Adjusted* Odds Ratio

Ever/Never BF (95% CI, p-value)

Infection 146,818 107 0.492** (0.316-0.765, 0.002)

SIDS 146,798 87 1.165 (0.738-1.841, 0.5120)

Injuries 146,815 104 1.189 (0.789-1.793, 0.4081)

Other 146,972 266 0.795 (0.605-1.044, 0.0987)

Logistic Regression Models by Causes of Death * All models were adjusted for maternal race, maternal age, maternal education,

poverty indicator, marital status,maternal BMI, smoking during pregnancy, prenatal care, type of delivery, birth plurality, birth order, sex, 

and birth weight < 2500 grams. ** p < 0.05.   



Li, et al. The Lancet Regional Health - Americas, Volume 5, 2022, 100094, ISSN 2667-193X,

https://doi.org/10.1016/j.lana.2021.100094.



Methods

• National Vital Statistics System (NVSS), led by the 
National Center for Health Statistics (NCHS)

• Census of all live births and deaths, derived from 
Standard Certificates for Live Births and Deaths

• In 2016, all 50 states and DC adopted the 2003 birth 
certificate revision.

– Includes the question, “Is the infant being breastfed at 
discharge?” with a “Yes” or “No” option

https://www.cdc.gov/nchs/data/dvs/birth11-03final-ACC.pdf 

https://www.cdc.gov/nchs/data/dvs/birth11-03final-ACC.pdf


Methods – the 2017 Birth Cohort

• Linked Live Births to Deaths from 2017-2018 (1 year after birth)

• Births and deaths occurred in all 50 states and DC

• 3,864,754 births with 22,197 deaths before 1st birthday

• IMR 5.74/1000

• Exclusions

– Birth weight < 500 grams; death < 7 days, death due to malignant 

neoplasm or congenital anomalies

– California and Michigan births excluded due to not reporting, and 

inconsistent reporting, respectively.



Outcomes

• Total 6969 post perinatal deaths (7-364 days)

• 1722 late neonatal deaths (7-27 days)

• 5247 post neonatal deaths (28-364 days)



Main Exposure Variable

• Breastfeeding at Discharge

– Determined through review of medical record

– Receipt of any breastmilk between delivery and hospital 

discharge 

– Yes or No response

• No exclusivity or duration noted

National Center for Health Statistics. Guide to completing the facility worksheet for the certificate of live birth and report of fetal death. Atlanta, GA:

 US Department of Health and Human Services, CDC, National Center for Health Statistics  https://www.cdc. gov/nchs/nvss/facility-worksheets-guide.htm? Sort=URL%3A%3Aasc. 



Covariates from Birth Certificate

• Maternal Characteristics
– Age

– Education

– Race/ethnicity

– Participation in WIC, Insurance

– Marital status

– Timing of prenatal care

– Smoking

– Pre-pregnancy BMI

– Mode of delivery

– Birth plurality

– Maternal diabetes and hypertension

• Infant Characteristics
– Admission to NICU

– Gestational age

– Birth order

– Birth weight

– Infant sex



Results

• Live births

20.5% Hispanic

54.8% Non-Hispanic White

15.7% Non-Hispanic Black

5.3% Non-Hispanic Asian

0.2% Non-Hispanic  

Hawaiian/Pacific Islander

0.9% Non-Hispanic American 

Indian/Alaskan Native

• Majority of mothers

74.1% prenatal care in first 

trimester

92.1% non-smoking during 

pregnancy

• Pre-pregnancy BMI

25.5% overweight

26.6% obesity

• Cesarean delivery – 32.0%



Infants

• 8.9% – NICU admission

• 11.6% – Preterm (< 37 weeks)

• 8.1% – Low Birth weight <2500 grams



Breastfeeding Initiation

• 83.6% among all births

• Significantly associated 

with each maternal and 

infant characteristic



Ever Breastfeeding Rates among 2017 Cohort

Total live births 

Breastfed n (% 

breastfed of total)

Infant deaths 7-364 

days

Breastfed n (% 

breastfed of total)

Late neonatal 

deaths 7-27 days 

Breastfed n (% 

breastfed of total)

Post-neonatal 

deaths 28-364 days 

Breastfed n (% 

breastfed of total)

Overall 2,700,334 (83.6) 4603 (66.0) 1076 (62.5) 3527 (67.2)

Maternal Characteristics

Race

Hispanic 580,921 (87.5) 782 (73.3) 173 (64.6) 609 (76.2)

NH white 1,500,110 (84.8) 2181 (67.1) 534 (64.8) 1647 (67.8)

NH black 365,640 (72.2) 1202 (59.4) 263 (56.8) 939 (60.2)

Education

< High school 308,369 (72.5) 818 (55.8) 159 (50.5) 659 (57.3)

≥ College 971,033 (93.6) 729 (80.5) 216 (70.6) 513 (85.5)



Logistic Regression – Total and Race/Ethnicity

Live Birth Overall infant deaths 

(7-364 days)

Late Neonatal Deaths 

(7-27 days)

Post-neonatal deaths 

(28-364 days)

Number n AOR n AOR n AOR

Total 3,230,500 6969 0.74 (0.7-0.79) 1722 0.60 (0.54-0.67) 5247 0.81 (0.76-0.87)

Hispanic 663,545 1067 0.64 (0.55-0.74) 268 0.47 (0.36-0.62) 799 0.73 (0.61-0.88)

NH White 1,769,279 3252 0.75 (0.69-0.81) 824 0.61 (0.52-0.72) 2428 0.81 (0.73-0.89)

NH Black 506,440 2022 0.83 (0.75-0.91) 463 0.71 (0.58-0.87) 1559 0.87 (0.78-0.98)

NH Asian 171,023 187 0.51 (0.36-0.72) 64 0.33 (0.20-0.55) 123 0.67 (0.64-1.03)

Statistically significant for total cohort and all race/ethnicities except Non-Hispanic HPI and Non-Hispanic 

AIAN, and 2 or more races

Controlled for maternal race (except race subgroup), maternal age, maternal education, WIC, marital status, prenatal care, 

Smoking, prepregnancy BMI, type of delivery, birth plurality, insurance, maternal diabetes,  maternal hypertension, birth order,

Sex, and birth weight (except for birth weight subgroup).



Causes of Death



Summary

• Birth-death linked data for >3,000,000 US infants born in 2017

• 26% reduction in post-perinatal death for initiation of any 
breastfeeding

• 40% reduction in late neonatal deaths

• 19% reduction in post-neonatal deaths

• These results align with results from previous US studies, and 
are much larger, and more compelling.



Associations Between Breastfeeding and Post-

perinatal Infant Death in the U.S.

Am J Prev Med. 2023 May 21:S0749-3797(23)00239-8. doi: 10.1016/j.amepre.2023.05.015. 



Methods

• Prospective cohort analysis 

linking US birth and post-

perinatal infant death for 

nearly 10 million infants

• Births in 2016-2018 and 

followed for 1 year after birth

• Exclusions

– < 500 grams

– Deaths < 7 days

– Deaths due to malignant 

neoplasms or congenital 

anomalies



Exposure and Outcomes

• Exposure

– Initiation of breastfeeding as 

noted on birth certificate

– “is the infant being 

breastfed at discharge”

• Outcome Variables

– Total post-perinatal death 

(days 7-364)

– Early post-perinatal death 

(days 7-182)

Covariates include: Maternal age, maternal education, race/ethnicity, WIC 

participation, smoking during pregnancy, delivery method, plurality, gestational age, 

infant sex



Results - Characteristics

• Live births

20.6% Hispanic

54.9% non-Hispanic White

15.5% non-Hispanic Black

5.3% non-Hispanic Asian

0.2% non-Hispanic 

Hawaiian/Pacific Islander

0.9% non-Hispanic AI/AN

• Characteristic Highlights

92.2% non-smoking

31.9% Cesarean delivery

11.6% preterm

Overall Post-perinatal IMR

– Non-Hispanic Black 4.07

– Non-Hispanic White 1.79



Breastfeeding

Initiation

And Infant 

Deaths



Breastfeeding and Death Rates by Region and State



AOR



Infant Deaths 7-364 Days by Region

AOR 0.56

AOR 0.63

AOR 0.63

AOR 0.56

AOR 0.79

AOR 0.71

AOR 0.57

82.3 % BF

80.8% BF

85.9% BF

87.2% BF

79.9% BF

85.0% BF

92.1% BF

Mid-Atlantic

Midwest

Mountain Plains

Northeast

Southeast

Southwest

Western

0.25             0.50           1.00        2.00
  Adjusted Odds Ratio (95% CI)



Logistic Regression by State and Region



Southeast Infant Death 7-364 Days



Southeast Early Infant Death 7-182 Days



Summary of Results

• Total of 9,711,567 live births

• 20,634 post-perinatal infant deaths (days 7-364)

• 48 states and District of Columbia

• Overall adjusted Odds Ratio = 0.67 (CI 0.65,0.69, p < 
0.0001)

• All 7 US Geographic regions had significant reductions in 
post-perinatal infant death with variation



More research needed…

• Perinatal deaths not included in our study

– Attempt to reduce possibility of reverse causality

• California and Michigan births/deaths not included

• Exclusivity, duration, and intensity of breastfeeding not 

available 

• Causal pathway may include racism and other social 

determinants of health not available



Summary of US Studies

Year Design Births
%BF of 
Total

Deaths
Age of Death

(days)
AOR 

(95% CI)

1988
Survey

Case Control
7740 

(alive at 1 year)
40.0 1240 ≥28 < 365 0.80 (0.70-0.90)

2004-2014 County Cohort 148,679 59.6 598 >7 < 365 0.81 (0.68-0.97)

153 >7 < 28 0.49 (0.34-0.72)

445 ≥28 <365 0.95 (0.78-1.17)

2017 US Cohort 3,230,500 83.6 6969 >7 < 365 0.74 (0.70-0.79)

1722 > 7 < 28 0.60 (0.54-0.67)

5247 ≥28 < 365 0.81 (0.76-0.87)

2016-2018 US Cohort 9,711,567 83.6 20,632 >7 < 365 0.67 (0.65-0.69)

17,240 >7 - 182 0.67 (0.65-0.69)



Implications

• Breastfeeding Saves Lives

• Breastfeeding Promotion, Protection, and Support are key 
to infant mortality reduction initiatives

• Eliminating disparities in breastfeeding may help to 
reduce disparities in infant mortality

• 823,000 lives of children < 5 could be saved if 
breastfeeding “scaled up” to universal levels.

Lancet 2016 Jan 30;387(10017):475-90. doi: 10.1016/S0140-6736(15)01024-7. PMID: 26869575.
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What Can You Do?



Join Infant Mortality Efforts in Your State

Take a Seat at Their Table and Invite Them to Yours



Work with Your State and Local Health Departments



Sharing from Cincinnati

https://www.mamacertified.org/ 

https://www.mamacertified.org/


www.tipqc.org 

Dr. Karen

Schetzina

http://www.tipqc.org/


https://www.appalachianbreastfeedingnetwork.org/ 

https://www.appalachianbreastfeedingnetwork.org/


Please Join!

• US Breastfeeding Committee https://web.usbreastfeeding.org/atlas/forms/general/9

• AAP Section on Breastfeeding www.aap.org

– New AAP Breastfeeding Curriculum! https://www.aap.org/en/learning/breastfeeding-curriculum/

• Academy of Breastfeeding Medicine www.bfmed.org

• Local and State Breastfeeding Coalitions

• YOU CAN MAKE A DIFFERENCE AND SAVE LIVES!

https://web.usbreastfeeding.org/atlas/forms/general/9
http://www.aap.org/
https://www.aap.org/en/learning/breastfeeding-curriculum/
http://www.bfmed.org/


Bringing doctors together to provide 
evidence-based solutions to the challenges facing 

breastfeeding across the globe 
for more than 25 years.



Save the Date for #ABM24!



Let’s Fix This Together!

Breastfeeding Initiation by County





Breastfeeding is a universal solution 

that levels the playing field, giving 

everyone a fair start in life.

In a world filled with inequality, crises and poverty,

 breastfeeding is the foundation of lifelong good health for babies and mothers. 

http://worldbreastfeedingweek.org/ 

http://worldbreastfeedingweek.org/
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