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Abstract
The aim of this study was to quantify the excess cases of pediatric and maternal disease, death,

and costs attributable to suboptimal breastfeeding rates in the United States. Using the current

literature on the associations between breastfeeding and health outcomes for nine pediatric

and five maternal diseases, we created Monte Carlo simulations modeling a hypothetical cohort

of U.S. women followed from age 15 to age 70 years and their children from birth to age 20 years.

We examined disease outcomes using (a) 2012 breastfeeding rates and (b) assuming that 90% of

infants were breastfed according to medical recommendations. We measured annual excess

cases, deaths, and associated costs, in 2014 dollars, using a 2% discount rate. Annual excess

deaths attributable to suboptimal breastfeeding total 3,340 (95% confidence interval [1,886 to

4,785]), 78% of which are maternal due to myocardial infarction (n = 986), breast cancer

(n = 838), and diabetes (n = 473). Excess pediatric deaths total 721, mostly due to Sudden Infant

Death Syndrome (n = 492) and necrotizing enterocolitis (n = 190). Medical costs total $3.0 billion,

79% of which are maternal. Costs of premature death total $14.2 billion. The number of women

needed to breastfeed as medically recommended to prevent an infant gastrointestinal infection is

0.8; acute otitis media, 3; hospitalization for lower respiratory tract infection, 95; maternal hyper-

tension, 55; diabetes, 162; and myocardial infarction, 235. For every 597 women who optimally

breastfeed, one maternal or child death is prevented. Policies to increase optimal breastfeeding

could result in substantial public health gains. Breastfeeding has a larger impact on women's

health than previously appreciated.

KEYWORDS

breastfeeding, cardiovascular disease, diabetes, double burden of disease, health economics, health

outcomes, public health, women's health
1 | BACKGROUND

With the rising costs of health care, there is great need for health

interventions that are cost‐effective. Current U.S. rates of any and

exclusive breastfeeding (Centers for Disease Control and Preven-

tion, 2015) are suboptimal compared with medical recommenda-

tions that mothers and infants exclusively breastfeed for the first
wileyonlinelibrary.com/journ
6 months of life, with continued breastfeeding for at least 1 year

(American Academy of Pediatrics and Section on Breastfeeding,

2012; American College of Obstetricians and Gynecologists Com-

mittee on Obstetric Practice, 2016). Suboptimal breastfeeding is

defined as breastfeeding that falls short of these medical recom-

mendations. The United States ranks 26 of 29 countries in infant

mortality in countries in the Organisation of Economic Co‐operation
© 2016 John Wiley & Sons Ltdal/mcn 1 of 13
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and Development database (MacDorman, Matthews, Mohangoo, &

Zeitlin, 2014) and ranks 33 of 179 world countries on mothers'

and children's well‐being (Save the Children, 2015). After the

pioneering U.S. cost analysis done by Weimer, from which our orig-

inal work was based (Weimer, 2001), other cost analyses from

Australia (Smith, Thompson, & Ellwood, 2002), the Netherlands

(Büchner, Hoekstra, & van Rossum, 2007), the UK (Renfrew et al.,

2012), and more globally (Rollins et al., 2016) have followed. Our

2010 analysis of pediatric costs found that suboptimal

breastfeeding was associated with $2.2 billion in direct medical

costs, $1.2 billion in indirect costs, and 911 premature child deaths,

incurring societal costs of $9.6 billion in 2007 U.S. dollars (Bartick

& Reinhold, 2010). Our 2013 analysis of maternal costs found that

suboptimal breastfeeding was associated with $734 million in direct

medical costs, $126 million in indirect costs, and $17.4 billion (2011

U.S. dollars), in societal costs of 4,396 premature deaths (Bartick

et al., 2013). However, these two models were structured differ-

ently, precluding a comprehensive assessment of the impact of

suboptimal breastfeeding on maternal and child health. To estimate

the total impact of excess disease and health costs in the United

States associated with suboptimal breastfeeding, we constructed a

Monte Carlo simulation model that included both maternal and

pediatric health outcomes.
2 | METHODS

Wemodeled the disease outcomes and associated costs for the cohort

of U.S. women who were 15 years old in 2002 and the children they

bear over their lifetimes, using 2012 population fertility rates (Martin,

Hamilton, Osterman, Curtin, & Matthews, 2013). We modeled the

cohort under two different breastfeeding scenarios: (a) the 2012

breastfeeding rates (“the suboptimal” arm) and (b) an optimal

breastfeeding rate (the “optimal” arm), defined as 90% of infants

breastfed according to medical recommendations (American Academy

of Pediatrics & Section on Breastfeeding, 2012; American College of

Obstetricians and Gynecologists Committee on Obstetric Practice,

2016). Disease outcomes were modeled using a Monte Carlo simula-

tion, and costs were modeled using cost accounting techniques. In

contrast to our earlier models, this approach allows evaluation of the

potential impact of policy and societal changes that would enable a

cohort of women to achieve optimal breastfeeding throughout their

childbearing years.
Key messages

• This is the first comprehensive analysis of the health and econom

world, using Monte Carlo simulation models to include maternal a

• Suboptimal breastfeeding has a substantial impact on both mater

• Nearly 80% of the excess deaths and medical costs attributable to

• Breastfeeding is a women's health issue, and advocates for women

optimal breastfeeding.
We modeled the health outcomes of a cohort of women born in a

single year (2002) followed over their lifetime from age 15 to 70 years,

and their children's health outcomes from birth to age 20 years, in

order to capture women whose peak childbearing age (Martin et al.,

2013) would be captured by the 2012 breastfeeding data. Based on

a review of the literature, we selected diseases for our model that (a)

have the most robust evidence base demonstrating an association with

breastfeeding and (b) apply to the U.S. population (Table 1; AAP Sec-

tion on Breastfeeding, 2012; Hörnell, Lagstrom, Lande, & Thorsdottir,

2013; Horta, Bahl, Martinex, & Victora, 2007; Horta & Victora, 2013;

Ip et al., 2007).
2.1 | Disease selection

2.1.1 | Pediatric disease

We included nine pediatric diseases: acute lymphoblastic leukemia

(ALL; Amitay & Keinan‐Boker, 2015), acute otitis media (AOM; Ip

et al., 2007), Crohn's disease (Hörnell et al., 2013; Klement, Cohen,

Boxman, Joseph, & Reif, 2004; Wolters et al., 2006), ulcerative colitis

(Hörnell et al., 2013; Klement et al., 2004), gastrointestinal infection

(GII; Duijts, Jaddoe, Hofman, & Moll, 2010), lower respiratory tract

infection (LRTI) requiring hospitalization (Ip et al., 2007; Murphy,

Kochanek, Xu, & Heron, 2015), obesity (Grummer‐Strawn & Mei,

2004), necrotizing enterocolitis (NEC; Murphy et al., 2015), and Sud-

den Infant Death Syndrome (SIDS; Hauck, Thompson, Tanabe, Moon,

& Vennemann, 2011; Murphy et al., 2015). Literature linking infant

feeding patterns with childhood obesity is mixed. To model obesity,

we selected the study most directly applicable to U.S. infants, which

found an association at age 4 years limited to non‐Hispanic white chil-

dren (Grummer‐Strawn & Mei, 2004). Other data suggest that the

association between breastfeeding and obesity is most pronounced

among non‐Hispanic white preschool children (Weng, Redsell, Swift,

Yang, & Glazebrook, 2012). Based on these data, our model included

a breastfeeding‐associated reduction in obesity among non‐Hispanic

white children only. We chose this approach to err on the side of

underestimating, rather than overestimating, the costs associated with

suboptimal breastfeeding.

In contrast to our previous analysis, we excluded type 1 diabetes,

because a recent pooled analysis demonstrated only a weak associa-

tion with infant feeding (Cardwell et al., 2012). We excluded asthma

and atopic dermatitis because recent research does not support a

strong protective association in high‐income countries (Flohr et al.,
ic burdens of suboptimal breastfeeding rates in the industrialized

nd pediatric disease in a single study.

nal and pediatric health outcomes and costs.

suboptimal breastfeeding are maternal.

's health should play an integral role in enabling families to achieve



TABLE 1 Associations between lactation and disease outcomes informing the model

Disease risk by type
and by lactation status

Disease risk change associated
with breastfeeding compared
with formula feeding [95% CI]

Risk measure
type

Limitations in the
Monte Carlo simulation

Source

Pediatric Disease

Acute lymphoblastic leukemia

Any breastfeeding >6 months 0.82 [0.73, 0.93] Odds ratio Disease onset had to occur
before child turned 20 years.

Amitay & Keinan‐Boker
2015

Acute otitis media

Any breastfeeding 0.77 [0.64, 0.91] Pooled adjusted
odds ratio

Disease onset had to occur
before child turned 1 year

Ip et al., 2007
(AHRQ report)

Exclusive breastfeeding
>3 months

0.5 [0.36, 0.70]

Crohn's disease

Any breastfeeding 0.45 [0.26, 0.79] Pooled odds ratio Disease onset had to occur
before child turned 20 years.
Incidence between ages
18–20 was equal to ages 15–17.

Hörnell et al., 2013,
Klement et al.,
2004

Ulcerative colitis

Any breastfeeding 0.56 [0.38, 0.81] Pooled odds ratio Disease onset had to occur
before child turned 20 years.
Incidence between ages
18–20 years was equal to
ages 15–17 years.

Hörnell et al., 2013,
Klement et al.,
2004

Gastrointestinal infection

Exclusive breastfeeding
4 months with continued
breastfeeding to 6 months

0.41 [0.26, 0.64] Odds ratio Disease onset had to occur before
child turned 6 months. Of the
cases that occur, 90% are
treated at home, 9.7% are
treated in an outpatient care
setting, and 0.3% require
hospitalization.

Duijts et al., 2010

Lower respiratory tract
infection requiring
hospitalization

Exclusive breastfeeding
>4 months

0.72 [0.46, 0.86] Risk reduction Disease onset had to occur
before child turned 1 year.

Ip et al., 2007
(AHRQ report)

Obesity among non‐Hispanic
whites to age 4 years

Never 1.0 (Referent) Pooled adjusted
odds ratio

Disease onset had to occur
before child turned 5 years.

Grummer‐Strawn &
Mei, 2004

Any breastfeeding
6–11.9 months

0.70 [0.50, 0.99]

Any breastfeeding
12+ months

0.49 [0.25, 0.95]

Necrotizing enterocolitis

500‐1000 g Disease onset had to occur
before child turned 36
weeks post‐menstrual
gestational age.

Colaizy et al.,
2016

Partial breastfeeding prior to
36 weeks post‐menstrual
gestational age

0.72 [0.43, 1.21] Adjusted odds
ratio

Exclusive breastfeeding (≥98%)
to 36 weeks post‐menstrual
gestational age

0.083 [0.0106, 0.65]

1000‐1500 g

Partial breastfeeding prior to
36 weeks post‐menstrual
gestational age

0.72 [0.43, 1.21] Adjusted odds
ratio

Exclusive breastfeeding (≥98%)
to 36 weeks post‐menstrual
gestational age

0.083 [0.0106, 0.65]

(Continues)
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TABLE 1 (Continued)

Disease risk by type
and by lactation status

Disease risk change associated
with breastfeeding compared
with formula feeding [95% CI]

Risk measure
type

Limitations in the
Monte Carlo simulation

Source

Sudden Infant Death Syndrome

Exclusive breastfeeding in the
month before death

0.27 [0.13, 0.56] Odds ratio Death onset had to occur before
child turned 1 year. 90% of
cases occurred under
6 months. 70% occurred
between ages 2–4 months

Hauck et al.,
2011

Any breastfeeding in the month
before death

0.29 [0.16, 0.53]

Maternal Disease

Breast cancer

Per year of any lactation 4.3% [2.9%, 5.8%] Risk reduction Risk reduction limited to a
maximum of 48 months
of lifetime lactation.

Collaborative
Group on
Hormonal
Factors in
Breast Cancer,
2002

Premenopausal ovarian cancer

>18 months lifetime any
lactation

0.66 [0.46, 0.96] Relative risk Risk reduction limited to a
maximum of 18 months of
lifetime lactation. Disease
onset had to occur before
mother turned 51 years.

Danforth et al.,
2007

12–17 months lifetime any
lactation

0.82 [0.54, 1.24]

7–11 months lifetime any
lactation

0.76 [0.52, 1.11]

1–6 months lifetime any
lactation

0.96 [0.76, 1.21]

Never lactated 1.0 (Referent)

Type 2 diabetes mellitus

>23 months lifetime any
lactation

0.53 [0.40, 0.70] Hazard ratio Risk reduction limited to a
maximum of 24 months of
lifetime lactation. Disease
onset was limited to 15 years
after mother's last birth.

Stuebe et al,
2005

11–23 months lifetime any
lactation

0.76 [0.59, 0.98]

>6–11 months lifetime any
lactation

0.76 [0.58, 0.99]

3–6 months lifetime any
lactation

0.78 [0.57, 1.06]

0–3 months lifetime any
lactation

1.03 [0.80, 1.35]

Never lactated 1.0 (Referent)

Hypertension

12 months or more of any
lactation per birth

1.0 (Referent) Hazard ratio Risk reduction limited to a
maximum of 4 births.

Stuebe et al.,
2011

9 to less than 12 months of
any lactation per birth

1.07 [0.99, 1.17]

6 to less than 9 months of
any lactation per birth

1.09 [1.02, 1.18]

More than 3 to less than
6 months of any lactation
per birth

1.19 [1.11, 1.28]

More than 0 to 3 months of
any lactation per birth

1.21 [1.12, 1.30]

Never lactated 1.22 [1.13, 1.32]k

Myocardial infarction

(Continues)
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TABLE 1 (Continued)

Disease risk by type
and by lactation status

Disease risk change associated
with breastfeeding compared
with formula feeding [95% CI]

Risk measure
type

Limitations in the
Monte Carlo simulation

Source

>23 months lifetime any
lactation

0.66 [0.49, 0.89] Hazard ratio Risk reduction limited to a
maximum of 24 months of
lifetime lactation. Disease
onset was limited to 30 years
after mother's last birth.

Stuebe et al,
2009

11–23 months lifetime
any lactation

0.89 [0.71, 1.1]

>6–11 months lifetime any
lactation

0.96 [0.76, 1.21]

3–6 months lifetime any
lactation

0.98 [0.8, 1.21]

0–3 months lifetime any
lactation

0.94 [0.79, 1.12]

Never lactated 1.0 (Referent)

[Correction added on 17 November 2016, after first online publication: In the first and second columns of Table 1, the aOR values and description of the milk
received for partial and exclusive weight categories were previously wrong and have been corrected in this current version.]
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2011; Nagel et al., 2009). We excluded acute myeloid leukemia

because a 2015 meta‐analysis showed an association only for ALL

(Amitay & Keinan‐Boker, 2015). We included Crohn's disease and

ulcerative colitis because recent data show an association of

breastfeeding and inflammatory bowel disease (Hörnell et al., 2013;

Klement et al., 2004).

To model the effect of breastfeeding on risk of NEC, we used

previously unpublished data from the multicenter Glutamine Trial in

an analysis performed especially for this study (Colaizy et al., 2016),

because of need for more current data than the literature provided.

In our model, preterm infants could be fed by mothers' own milk

with bovine fortifier, preterm formula, or a mixed diet of mothers'

own milk and preterm formula (see eTables 1 and 2 Appendix in

the Supporting Information).

We modeled risk of SIDS by the rate of breastfeeding in the

month before death (Vennemann et al., 2009) using 2012 mortality

data (Murphy et al., 2015), with age‐distribution‐based peak incidence

known to occur at 2–4 months of age (Shapiro‐Mendoza, Tomashek,

Anderson, & Wingo, 2006).

2.1.2 | Maternal disease

Consistent with our prior maternal analysis (Bartick et al., 2013), we

included five diseases: breast cancer, pre‐menopausal ovarian cancer,

diabetes, hypertension, and myocardial infarction (MI; Collaborative

Group on Hormonal Factors in Breast Cancer, 2002; Danforth

et al., 2007; Stuebe et al., 2011). These conditions were selected

because published evidence continues to accumulate that longer

breastfeeding duration is associated with reduced disease risk, after

adjusting for parity as well as known or suspected confounders

(Chowdhury et al., 2015; Islami et al., 2015; Lupton, Chiu, Lujic,

Hennessy, & Lind, 2013). We updated the incidence data for all five

diseases used in 2013 model in the following ways: For breast and

ovarian cancer, we used updated data from Surveillance Epidemiol-

ogy and End Result database (SEER 18, 2008–2012; US Department

of Health and Human Services, National Cancer Institute and Surveil-

lance Epidemiology and End Results Program, 2015). For diabetes,

we used incidence data from the National Health Interview Survey
(Centers for Disease Control and Prevention, 2013b). We calculated

hypertension incidence using data from 2009 to 2010 National

Health and Nutrition Examination Survey (Centers for Disease Con-

trol and Prevention and National Center for Health Statistics,

2011). We calculated MI incidence using weighted data from the

Atherosclerosis Risk in Communities study (Atherosclerosis Risk in

Communities (ARIC) Investigators, 2012).
2.2 | Assumptions for the Monte Carlo simulation
model

We modeled a maximum parity of six, and we modeled the risk of

pregnancy by maternal age and cumulative parity using vital statistics

data from 2012 (see eTable 3; US Census Bureau Population Divi-

sion, 2003; Centers for Disease Control and Prevention and National

Center for Health Statistics, 2014; Martin et al., 2012). To estimate

our population size, we used census data for the number of women

who turned 15 years in 2002 (see Supporting Information). We

assumed that the observed multivariate‐adjusted associations

between breastfeeding and disease outcomes are causal. Model

assumptions for breastfeeding, disease, and death rates, and associ-

ated costs follow.
2.2.1 | Breastfeeding assumptions

Current breastfeeding rates were taken from the most recently

released National Immunization Survey (2012 birth cohort) and are

described as a percentage of infants breastfed, either exclusively

or non‐exclusively, for given durations (eTable 4). The duration

and exclusivity used was dependent on the literature for each dis-

ease examined, with the comparator being risk of disease compared

to no breastfeeding at all. For AOM, SIDS, and GII, both any and

exclusive breastfeeding were modeled. For example, we modeled

an effect on AOM of both any breastfeeding and exclusive

breastfeeding for ≥4 months. Compared with infants who never

breastfeed, modeled infants who initiated breastfeeding had 0.77

odds of developing AOM, and modeled infants who were
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exclusively breastfeeding at 4 months had 0.50 odds of subse-

quently developing AOM.

For preterm infants, we use breastfeeding rates reported by Rush

University Medical Center in Chicago, IL (Bigger et al., 2014) because it

is the largest, most current published prospective cohort study that

specifically include breast milk initiation, exclusivity, and duration for

preterm infants (see Supporting Information and eTables 1 and 2).

We assumed that breastfeeding duration for one birth is positively cor-

related with duration in the previous birth (Centers for Disease Control

and Prevention, 2007; Stuebe et al., 2011) based on data from the

Infant Feeding Practices Study II.
2.2.2 | Disease rate assumptions

We used published studies, vital statistics data, and national preva-

lence and incidence data to derive our assumptions for expected dis-

ease rates for each disease (eTable 1a and b and eTables 5‐12). We

used previous methodology to calculate differential incidence of dis-

ease for breastfeeding and non‐breastfeeding women and children

(see Supporting Information; Bartick & Reinhold, 2010). In order to cal-

culate the differential incidence of disease in term infants and mothers,

we used breastfeeding rates from the years when the population for

the incidence data would have likely been breastfeeding. These years

depended both on the year in which the incident disease data were

collected and the latency period, if any, between breastfeeding and

disease onset. Historic breastfeeding data were taken from the

National Immunization Survey (Centers for Disease Control and Pre-

vention, 2006, 2015) or the Ross Laboratories Mothers Survey (Ryan

et al., 2002). The risk that a simulated woman developed a disease in

a given year depended on her accumulated breastfeeding duration.

Consistent with the published literature, for diabetes and MI, the win-

dow during which breastfeeding conferred a reduced risk started after

her last birth and extended for 15 and 30 years thereafter,

respectively.
2.2.3 | Death rate assumptions

We used published death rates for death from each maternal disease

and four pediatric diseases – ALL, NEC, LRTI, and SIDS – to estimate

the risk of death for simulated mothers and children who developed

these diseases (see Supporting Information and eTables 13‐5). Simu-

lated mothers and infants also had a risk of death in each year that

was independent of breastfeeding history, based on published vital

statistics data (Murphy et al., 2015). Mortality rates for diabetes,

hypertension, and MI were derived from the CDCWONDER database,

pooled from 1999 to 2013 for women 35–70 years of age (see

Supporting Information; Centers for Disease Control and Prevention,

2013a). Mortality rates for ALL and breast and ovarian cancers were

taken from 10‐year survival rates from the Surveillance Epidemiology

and End Result database (US Department of Health and Human Ser-

vices, National Cancer Institute and Surveillance Epidemiology and

End Results Program, 2015).
2.2.4 | Cost assumptions

Costs for each disease were estimated using published studies and/or

Medicare fee schedules (eTable 16a and b, Supporting Information,
and eTable 17). We assumed that costs for each disease occurred

in four mutually exclusive categories: direct medical costs, indirect

medical costs, indirect non‐medical costs, and premature death costs

(defined for women as death before age 70 years, because the

median lifespan of a 20‐year‐old woman in the United States is

81.2 years (Miniño, Heron, & Smith, 2006)). Direct medical costs

were defined as those costs required for the direct provision of med-

ical care for each disease (e.g., cost of medicines). Indirect medical

costs were defined as those costs that were indirectly required for

each disease (e.g., hospital overhead). Non‐medical costs were

defined as costs incurred by patients or families because of their dis-

ease (e.g., time missed from work); we excluded the cost of lost

wages due to premature death. Premature death cost was calculated,

separated, and defined as the age‐specific value of a statistical life,

which is a societal cost based on a willingness‐to‐pay model

(Entwistle, Mello, & Brennan, 2005). The value of a statistical life cost

in 2014 U.S. dollars was $12,030,400 for age <25 years,

$12,399,402 for ages 25–34 years, $13,525,372 for ages

35–44 years, $10,943,880 for ages 45–54 years, $5,080,597 for ages

55–62 years, and $2,952,239 for age >62 years (Aldy & Viscusi,

2007). Patients could incur medical and non‐medical costs both at

the time of each episode of disease as well as in the years following

their diagnosis if the disease had on‐going costs as determined by

published literature (see Supporting Information).
2.3 | Procedures and analysis

2.3.1 | Monte Carlo simulation

The simulation consisted of 10,000 replications of 100,000 women per

replication in each arm. We used a first‐order Markov process for each

breastfeeding scenario. The “suboptimal” arm used 2012 breastfeeding

rates, the most recent year for which final data are available. The “opti-

mal” arm assumed that 90% of infants were breastfed according to

medical recommendations. Consistent with previous models (Bartick

& Reinhold, 2010; Bartick et al., 2013; Weimer, 2001; Viscusi & Aldy,

2003), we classified mothers and children as “exclusively

breastfeeding,” “partially breastfeeding,” or “non‐breastfeeding” (three

mutually exclusive categories) for up to 18 months after each birth.

Women (eFigure 1a) and children (eFigure 1b) in each of the simula-

tions were at risk of developing diseases, based on their age and cumu-

lative breastfeeding history. For AOM and GII, the same child could

experience multiple episodes of disease. For all other diseases, we

modeled up to a single episode per simulated individual. The frequency

with which pediatric conditions were modeled during the first year of

life varied by condition, and then annually thereafter to age 20 years

(see Supporting Information). Maternal conditions were modeled

annually, accruing over a 55‐year time period that ends when the

cohort turns 70. Simulated participants who died were censored from

the model.

All relationships between lactation and disease outcomes

described in the literature are estimates. To incorporate this uncer-

tainty into our models, we drew key parameters at random from trian-

gular distributions covering the range of estimates available in the

literature associating breastfeeding with maternal and pediatric
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disease outcomes, centered on the point estimate provided in the liter-

ature and a distribution width related to the standard error or confi-

dence interval reported in the literature. We analyzed variability in

our diseases over this population; this analysis represents a form of

probabilistic sensitivity analysis. (See Supporting Information for

details on how confidence intervals were calculated). All simulations

were performed in Java(™) SE Runtime Environment build 1.7.0_05‐

b06 (Oracle Corporation, Redwood Shores, CA, USA).
2.3.2 | Cost

We used cost accounting techniques to estimate the costs of disease

and death predicted for each year of the simulation. To do this, we used

the following steps: (a) We converted the costs for each disease to

2014U.S. dollars, using the U.S. consumer price index for general goods

(see Supporting Information; US Department of Labor Bureau of Labor

Statistics, 2015). (b) We multiplied the number of cases in each year by

the cost per case for each disease. (3) We applied a 2% discount to

yearly cost beginning when the simulated women turned 26 years,

which is the median age of first birth (Martin, Hamilton, Osterman, Cur-

tin, & Matthews, 2015), based on the assumption that this is the time

when investments to enable optimal breastfeeding would need to

begin. The 2% discount rate was chosen to reflect the current U.S. Fed-

eral Reserve policies on target inflation rates (Board of Governors of

the Federal Reserve System, 2016) as well as to reflect the inflation

experienced in the United States since 2009 that has been persistently

less than 3% (Coin News Media Group, 2016). (d) We summed

discounted costs across all years to calculate a total cost per disease.

(e) Finally, we subtracted the cost in the optimal arm from the cost in

the suboptimal arm to estimate the cost of suboptimal breastfeeding

across the lifetime of a single cohort of women and all the children born

to those women for the measured maternal and pediatric diseases. We

modeled outcomes for women of all races, with the exception of obe-

sity, which was limited to children of non‐Hispanic white women. All

cost accounting was performed in Excel 2010 (Redmond, WA).

The Institutional Review Board of the Cambridge Health Alliance

exempted the study.
3 | RESULTS

In our models, 1.994 million simulated women gave birth to 3.75 mil-

lion infants. The predicted effects on maternal and child disease of

enabling 90% of women to breastfeeding optimally are shown in

Table 2. With the exception of premenopausal ovarian cancer and

ALL, there were significantly fewer deaths under optimal breastfeeding

conditions. All costs were significantly lower under optimal

breastfeeding conditions, with the exception of pre‐menopausal ovar-

ian cancer. The costs of the changes in health outcomes are shown in

Table 3 and Figure 1. Maternal deaths represent 78% of all deaths.

Maternal costs represent 79% of total medical costs, 34% of non‐med-

ical costs, and 50% of premature death costs. We further considered

the number to treat (Altman, 1998), meaning the number of mother–

infant dyads that need to optimally breastfeed, to prevent specific dis-

eases. These figures ranged from 0.8 for infant GII (meaning less than

one mother would have to breastfeed all her children to prevent a case
of GII) and 3 for AOM, 55 for maternal hypertension, 95 for hospitali-

zation for LRTI, 235 for MI, 397 for breast cancer, and 2,379 for breast

cancer deaths. The number needed to treat to prevent one maternal or

child death was 597.
4 | DISCUSSION

We found that suboptimal breastfeeding in the United States is cur-

rently associated with an excess of 3,340 premature maternal and child

deaths (95% CI [1,886 to 4,785]), due to seven different diseases. The

costs of suboptimal breastfeeding in 2014 U.S. dollars were $3.0 billion

for total medical costs, $1.3 billion for non‐medical costs, and $14.2

billion for premature death costs. Taken together, these findings sug-

gest that investments in strategies to enable more women to

breastfeed optimally would result in significant health and cost savings.

Our estimates are conservative, because we deliberately erred on

the side of underestimating, rather than overestimating, the health

impact of suboptimal breastfeeding. For maternal health outcomes,

more recent meta‐analyses for breast and ovarian cancers found

stronger protective associations between breastfeeding and maternal

disease risk, suggesting that more cases and deaths are incurred by

suboptimal breastfeeding than we found in our models (Chowdhury

et al., 2015). Our cost estimates for NEC are also conservative,

because we used direct costs estimates based on actual micro‐

accounting level costs (Johnson, Patel, Jegier, Engstrom, & Meier,

2013), whereas previous authors used charges (Bisquera, Cooper, &

Berseth, 2002), or cost‐to‐charge ratios (Ganapathy, Hay, & Kim,

2012). Finally, in contrast with recent work estimating $2.45 billion

in direct medical costs for child disease (2012 U.S. dollars; Rollins

et al., 2016), our medical cost estimates are lower than previously

reported, which was expected, given the changes in modeling strate-

gies, including removing diseases that are no longer considered to be

impacted by breastfeeding (e.g., atopic dermatitis and asthma), limit-

ing our analysis of obesity to non‐Hispanic white infants, using more

conservative cost figures for NEC, and lowering population incidence

of LRTIs.

Our results are consistent with previous analyses that demon-

strated excess disease, death, and cost when women and children

were separately modeled. Our model expands upon previous studies

by modeling a specific cohort of women and all the children born to

women during their reproductive lifetime. This is an important exten-

sion because it allows for estimation of cost savings following gradual

growth to optimal recommendations. It also enables demonstration of

savings from a single cohort of women. In reality, multiple cohorts of

women give birth each year. While some costs, such as paid maternity

leave, would require additional investment for each mother–infant

dyad, other infrastructure changes, such as comprehensive

breastfeeding training for health professionals, would not. Thus, it is

likely that investments in optimal breastfeeding would result in consid-

erably more costs savings with each subsequent cohort of women. Our

model also expands on earlier work in that very few systematic costs

studies conducted on breastfeeding account for uncertainty (Renfrew

et al., 2012).



TABLE 2 Cases and deaths averted by optimal breastfeeding and numbers needed to treat [95% CI]

Cases averted in
the population

[95% CI]

Deaths averted
in the population

[95% CI]

Cases averted
per 100,000

women
[95% CI]

Deaths averted
per 100,000

women
[95% CI]

Number of women
needed to treat to

avert a case
[95% CI]

Number of women
needed to treat to

avert a death
[95% CI]

Child disease

Acute lymphoblastic
leukemia

185 [49 to 309] 37 [−22 to 91] 9 [2 to 15] 2 [−1 to 5] 10,796 [6,453
to 40,777]

54,505 [−90,636
to ∞ to 21,912]c

Acute otitis media 601,825
[596,885
to 609,362]

n/a 30,182
[29,934
to 30,560]

n/a 3 [3 to 3] n/a

Crohn's disease 145 [31 to 249] n/a 7 [2 to 12] n/a 13,717 [8,006
to 64,323]

n/a

Ulcerative colitis 136 [18 to 263] n/a 7 [1 to 13] n/a 14,669 [7,595
to 107,930]

n/a

Gastrointestinal
infection

2,558,629
[2,554,934
to 2,577,865]

n/a 128,316
[128,131
to 129,281]

n/a 0.8
[0.8 to 0.8]

n/a

Lower respiratory
tract infection
requiring
hospitalization

20,900
[20,014 to 21,836]

40
[4 to 73]

1,048
[1,004
to 1,095]

2
[0.2 to 4]

95
[91 to 100]

50,108
[27,315
to 498,500]

Necrotizing enterocolitis 1,355
[1,237 to 1,489]

190
[144 to 239]

68
[62 to 75]

10
[7 to 12]

20
[18 to 22]d

141
[112 to 186]d

Obesity
(non‐Hispanic
Whites only)e

45,298
[44,408
to 46,353]

n/a 2.272
[2,227
to 2,325]

n/a 44
[43 to 45]

n/a

Sudden infant
death
syndrome

n/a 492 [395 to 588] n/a 25 [20 to 29] n/a 4,056
[3,394
to 5,049]

Child deaths
totalf

n/a 721 [543 to 899] n/a 36 [27 to 45] n/a 2,764
[2,218
to 3,673]g

Maternal disease

Breast cancer 5,023 [3,965
to 6,021]

838 [434
to 1,245]

252 [199
to 302]

42 [22 to 62] 397 [331 to 503] 2,379
[1,602
to 4,596]

Ovarian cancer
(pre‐menopausal)

22 [−71 to 112] 8 [−58
to 71]

1 [−4 to 6] 0.4 [−3 to 4] 92,713 [−28,274
to ∞ to 17,788]c

237,079 [−34,379
to ∞ to 28,254]c

Type 2 diabetes mellitus 12,320 [10,537
to 14,162]

473 [154
to 789]

618 [528
to 710]

24 [8 to 40] 162 [141 to 189] 4,218 [2,529
to 12,952]

Hypertension
(HTN)

35,982 [34,122
to 38,144]

322 [98
to 543]

1,805 [1,711
to 1,913]

16 [5 to 27] 55 [52 to 58] 6,192 [3,671
to 20,259]

Myocardial
infarction
(HTN)

8,487
[7,520
to 9,583]

986
[677 to 1,295]

426
[377 to 481]

49 [34 to 65] 235 [208 to 265] 2,023
[1,540 to 2,946]

Maternal
deaths totalf

n/a 2,619 [1,978
to 3,259]

n/a 131 [99 to 163] n/a 761 [612
to 1,008]

Child and maternal
totals

Maternal and child
deaths totalf

n/a 3,340 [1,886
to 4,785]

n/a 168 [131
to 240]

n/a 597 [417
to 765]g

aSee Supporting Information for explanation of how confidence intervals were calculated.
bNumber needed to treat in this case refers to number of women needed to optimally breastfeed.
cFollowing Altman (1998) for numbers needed to treat where the results are not statistically significant, we show a confidence interval from a negative value,
which would indicate a number needed to harm through infinity to a positive value, indicating a number needed to benefit, effectively an interval in the real
projective line that includes the mean value.
dNecrotizing enterocolitis numbers needed to optimally breastfeed used the number of infants 400–1500 g that would need to be breastfed optimally to
prevent a case or a death. In 2012, there were 53,022 very low birth weight infants. See Supporting Information for details.
ePopulation used for all obesity calculations is that of non‐Hispanic white 15‐year‐old young women in 2002: 1,259,336. See Supporting Information for
details and references.
fTotals may not always add up due to rounding. Totals do not include results that are not statistically significant, nor do the confidence intervals for the totals
include the confidence intervals for the non‐significant findings.
gCombined maternal and child number needed to treat is calculated using the population of all mothers for necrotizing enterocolitis, not using the population
of preterm infants.
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TABLE 3 Cohort lifetime costs of maternal and pediatric diseases associated with suboptimal breastfeeding, 2014 U.S. dollars [95% CI] with 2%
discount rate

Types of Costs Direct medical
[95% CI]

Indirect medical
[95% CI]

Total medical
[95% CI]

Non‐medical
[95% CI]

Premature death
[95% CI]

Child costs

Acute lymphoblastic
leukemia

$23,095,477
[$6,114,472 to
$38,637,462]

$3,464,322
[$917,171 to
$5,795,620]

$26,559,799
[$7,031,643 to
$44,433,082]

$1,926,253
[$509,971 to
$3,222,515]

$0

Acute otitis media $159,482,501
[$158,173,483 to
$161,479,939]

$28,143,971
[$27,912,968 to
$28,496,460]

$187,626,472
[$186,086,450 to
$189,976,399]

$102,408,664
[$101,568,102 to
$103,691,281]

$0

Crohn's disease $1,215,970
[$259,314 to
$2,083,295]

$214,582 [$42,761
to $367,639]

$1,430,553
[$305,075 to
$2,450,935]

$24,729
[$5,274 to
$42,368]

$0

Ulcerative colitis $844,696
[$114,805 to
$1,631,348]

$149,065
[$20,260 to
$287,886]

$993,761
[$135,065 to
$1,919,234]

$62,537
[$8,500
to $120,777]

$0

Gastrointestinal
infection

$125,175,827
[$124,995,036 to
$126,116,917]

$11,265,570
[$11,249,299 to
$11,350,266]

$136,441,397
[$136,244,355 to
$137,467,184]

$696,407,226
[$695,401,407 to
$701,642,919]

$0

Lower respiratory tract
infection requiring
hospitalization

$96,427,056
[$92,338,673 to
$100,743,689]

$17,016,458
[$16,294,983 to
$17,778,214]

$113,443,515
[$108,633,656 to
$118,521,902]

$20,102,212
[$19,249,904 to
$21,002,103]

$393,791,133
[$39,582,709 to
$722,384,438]

Necrotizing
enterocolitis

$28,297,080
[$25,841,579 to
$31,086,432]

$4,414,526
[$4,031,452 to
$4,849,683]

$32,711,606
[$29,873,031 to
$35,936,115]

$646,493
[$590,393 to
$710,220]

$1,888,521,149
[$1,430,817,587
to 2,370,040,034]

Obesity (non‐Hispanic
whites only)

$112,391,907
[$110,183,988 to
$115,008,632]

$19,833,906
[$19,444,272 to
$20,295,682]

$132,225,813
[$129,628,260 to
$135,304,314]

$10,666,363
[$10,456,824 to
$10,914,698]

$0

Sudden Infant Death
Syndrome

$0 $0 $0 $0 $4,860,507,983
[$3,904,816,809

to $5,808,779,581]

Child costs totala $546,930,514
[$529,031,814 to
$563,696,049]

$81,038,078
[$78,311,480 to
$83,605,547]

$604,873,116
[$584,250,397 to
$624,202,275]

$832,244,476
[$830,122,844 to
$837,868,847]

$7,142,820,265
[$6,019,274,505 to
$8,243,887,630]

Maternal costs

Breast cancer $100,790,551
[$79,554,771 to
$120,815,983]

$17,786,557
[$14,039,068 to
$21,320,454]

$118,577,107
[$93,593,839 to
$142,136,437]

$27,154,165
[$21,432,995 to
$32,549,252]

$2,362,279,272
[$1,222,827,097 to
$3,507,490,283]

Ovarian cancer
(pre‐menopausal)

n/a n/a n/a n/a n/a

Type 2 diabetes
mellitus

$1,025,836,250
[$877,379,997 to
$1,179,219,216]

$181,029,926
[$154,831,764 to
$208,097,509]

$1,206,866,176
[$1,032,211,761 to
$1,387,316,724]

$318,835,028
[$272,694,083 to
366,507,219]

$1,502,637,576
[$489,298,142 to
$2,506,163,155]

Hypertension $250,578,572
[$237,625,086 to
$265,633,670]

$44,219,227
[$41,933,344 to
$46,875,977]

$294,797,799
[$279,558,431 to
$312,509,647]

$38,742,777
[$36,739,996 to
$41,070,496]

$843,416,604
[$257,797,957 to
$1,422,636,121]

Myocardial infarction $677,421,524
[$600,244,998 to
$764,947,781]

$119,545,231
[$105,925,815 to
$134,991,074]

$796,966,756
[$706,170,813 to
$899,938,855]

$36,525,974
[$32,364,683 to
$41,245,312]

$2,363,344,304
[$1,624,061,644 to
$3,107,396,072]

Maternal costs totala $2,054,626,897
[$1,885,469,495 to
$2,232,994,085]

$362,580,941
[$332,729,624 to
$394,097,517]

$2,417,207,838
[$2,218,199,119 to
$2,627,051,602]

$421,257,943
[$374,534,865 to
$469,522,167]

$7,073,677,757
[$5,279,894,813 to
$8,863,847,559]

Child and maternal
costs totala

$2,601,557,411
[$2,315,439,844 to
$2,915,300,320]

$447,083,341
[$397,048,598 to
$501,732,933]

$3,048,640,752
[$2,712,488,442 to
$3,417,033,254]

$1,254,061,824
[$1,191,621,071 to
$1,323,438,608]

$14,216,498,022
[$8,765,806,789 to
$19,593,517,116]

Percentage of costs
that is maternal

79% 81% 79% 34% 50%

aCosts and confidence intervals are not reported for diseases where cases and/or deaths are not statistically significant. Totals may not add up due to
rounding.
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We found a substantially larger impact of breastfeeding on

women's health, compared with infant health, as the majority of excess

deaths and direct health costs from suboptimal breastfeeding are

related to women's health outcomes. Breastfeeding has historically
been viewed as a children's health issue; however, our results suggest

that breastfeeding support must be seen as fundamental to all preven-

tive health strategies for women. Further studies are needed to iden-

tify the extent to which specific interventions can enable women to



FIGURE 1 Combined total medical costs of maternal and pediatric dis-
eases associated with suboptimal breastfeeding (with 95% confidence
intervals)
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establish and sustain optimal breastfeeding and to determine which

strategies are cost‐effective. Systemic approaches are needed,

because current social constructs in the United States make it difficult

for women to breastfeed. These constructs include lack of paid mater-

nity leave, inadequate access to appropriate lactation care and ser-

vices, and limited implementation of evidence‐based maternity

practices that support breastfeeding. As a result, CDC data show that

60% of women do not meet their own breastfeeding goals (Perrine,

Scanlon, Li, Odom, & Grummer‐Strawn, 2012). Further, it must be

noted that the non‐medical costs are disproportionately borne by

women, which has implications for public policy decisions regarding

gender equality and career opportunities. Taken together, our results

suggest that investment in interventions that enable women to meet

their personal infant feeding goals would save lives and dollars.

In terms of numbers to treat (i.e., numbers of women needed to

optimally breastfeed), our results suggest that optimal breastfeeding

compares favorably with routinely recommended public health inter-

ventions including aspirin for secondary prevention of cardiovascular

events (NNT: 333 for secondary cardiovascular events; Newman,

2011). If observed associations are causal, breastfeeding offers wide-

spread public health advantages for multiple disease processes across

the lifespan. On a population level, enabling more families to achieve

optimal breastfeeding would result in substantial individual and socie-

tal gains.
5 | LIMITATIONS

We found that significant savings are possible if optimal breastfeeding

were achieved; however, our findings must be interpreted in the con-

text of the study design. First, like most economic analyses, our analy-

sis used assumptions for its model parameters including assumptions

related to breastfeeding, disease rates, death rates, and cost. If any

of these assumptions are incorrect or overstated, our analysis could

over‐estimate cases averted and cost savings. In order to minimize this

potential, we used the most conservative estimates throughout the

analysis, and we provided an extensive Supporting Information that
details our methodology and values used. This will allow future

research to further test or change the values used as new research

emerges. It should be noted that for many of the childhood diseases

and all of the maternal diseases, “any breastfeeding” is the comparator

to no breastfeeding, rather than exclusive breastfeeding. As there is lit-

tle data on maternal disease and exclusive breastfeeding and limited

data on some of the childhood diseases and exclusivity, we could be

underestimating the risks, given lack of data on optimal breastfeeding

for many of the diseases that we studied.

Second, we assumed that observed associations between

breastfeeding and disease are causal. It is possible that some of the

observed associations are confounded by other factors; however, we

used relative risks from the published literature that controlled for mul-

tiple socio‐demographic confounders. While causality cannot be

proven from observational studies, a causal association between

breastfeeding and health outcomes is supported by effect size, repro-

ducibility, temporality, biologic gradient, biologic plausibility, and in

many cases laboratory evidence (Smith & Harvey, 2011).

Third, our findings assume a steady breastfeeding state through

the lifetime of the modeled cohort. In fact, breastfeeding rates con-

tinue to increase, particularly since 2010, as the result of numerous

national, state, and non‐profit initiatives. In addition, incidence of sev-

eral infant diseases has declined since 2005, when our previous pedi-

atric analysis was modeled: mortality from SIDS, NEC, and LRTI has

decreased by 21%, 38%, and 30%, respectively (Kung, Hoyert, Xu, &

Murphy, 2008; Murphy et al., 2015). To the extent that these trends

in breastfeeding and infant disease burden continue, the difference

between current suboptimal and optimal conditions may be smaller

than modeled in our simulation. Similarly, MI mortality decreased by

24% from 1999 to 2008 (Yeh et al., 2010), and our model does not

account for future reductions in mortality. Furthermore, our model

assumes steady‐state patterns of childbearing in the U.S. population

over time. An increase in birth rates could increase the health impact

of breastfeeding, whereas a decline in birth rates could decrease the

impact, because there would be fewer children born and fewer oppor-

tunities for women to breastfeed. In addition, the use of U.S. costs may

limit generalizability of our results to other countries. We also recog-

nize that selection of appropriate costs for loss of life is controversial.

Lastly, confidence intervals around some estimates were wide,

reflecting imprecision in the extant literature regarding the impact of

breastfeeding on health. Of note, our model is the first to include this

uncertainty in a comprehensive model of maternal and child outcomes,

and we deliberately made conservative assumptions to avoid

overstating the impact of breastfeeding on health and costs.
6 | CONCLUSIONS

Suboptimal breastfeeding is associated with considerable health

impact, and cost in the United States has a larger impact on women's

health than previously appreciated. Efforts to enable more families to

breastfeed may need to be realigned to focus more on women's health.

Our results suggest that women's health providers require training in

lactation support and management as an integral part of preventive

health for women. Increased investment in public health programs
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and social policies that enable more women to breastfeed optimally

may be cost‐effective.
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