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Abstract
Background, Objectives: The Ten Steps to Successful Breastfeeding are not, as yet, the norm in the United States. This
study examined how noncompliance with each of the Steps, and combinations of 2 Steps, influence duration of breastfeeding
at the breast.
Methods: Data were from the national Infant Feeding Practices Study II. The outcome was duration of any breastfeeding at
the breast. Propensity scores modeled the probability of exposure to lacking 1 or more of the Ten Steps. Inverse probability
weights controlled for confounding. Survival analyses estimated the relationship between the lack of a Step and breastfeeding
duration.
Results: Lack of Step 6 (No human milk substitutes) was associated with shorter breastfeeding duration, compared with
being exposed to Step 6 (10.5-wk decrease). Lack of both Steps 4 (Breastfeed within 1 hour after birth) and 9 (Pacifiers),
together, was related to the greatest decrease in breastfeeding duration (11.8-wk decrease). The findings supported a doseresponse relationship: being exposed to 6 Steps was related to the longest median duration (48.8 wk), followed by 4 or 5
Steps (39.8 wk), followed by 2 or 3 Steps (36.4 wk).
Conclusions: Prevalent US maternity care practices do not, as yet, include all of the Ten Steps. This lack of care may be
associated with poor establishment of the physiological feedback systems that support sustained breastfeeding. Breastfeeding
at the breast is compromised when specific combinations of Steps are lacking. Efforts to increase implementation of specific
Steps and combinations of Steps may be associated with increased duration of breastfeeding.
Keywords
Baby-friendly Hospital Initiative (BFHI), breastfeeding barriers, breastfeeding duration, epidemiology, health care, infant feeding,
Ten Steps to Successful Breastfeeding

Well Established
The Ten Steps to Successful Breastfeeding are hospital-based
practices shown to support breastfeeding both collectively and
individually. However, normative maternity practices in the United
States do not reflect the Ten Steps.

short of recommendations.8,9 Efforts to achieve national goals
might be more effective if they focused on those actions that
support women in achieving recommended durations. The
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Newly Expressed
This study examined the relationship between noncompliance
with the Steps and duration of any breastfeeding at the breast.
Propensity score methods were used.The study identified individual
Steps and combinations of 2 Steps to target for implementation.

Background
Breastfeeding improves health and economic outcomes.1-7
However, breastfeeding duration in the United States falls
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Table 1. The Ten Steps to Successful Breastfeeding
Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9
Step 10

Have a written breastfeeding policy that is routinely
communicated to all health care staff.
Train all health care staff in skills necessary to
implement this policy.
Inform all pregnant women about the benefits and
management of breastfeeding.
Help mothers initiate breastfeeding within the first
hour of birth.
Show mothers how to breastfeed, and how to
maintain lactation even if they should be separated
from their infants.
Give newborn infants no food or drink other than
human milk, unless medically indicated.
Practice rooming-in—that is, allow mothers and
infants to remain together—24 hours a day.
Encourage breastfeeding on demand.
Give no artificial teats or pacifiers to breastfeeding
infants.
Foster the establishment of breastfeeding support
groups and refer mothers to them on discharge
from the hospital or clinic.

United Nations Children’s Fund and the World Health
Organization codified a set of health care practices known as
the Ten Steps to Successful Breastfeeding (Table 1).10,11 The
practices underlying each Step are described in the Babyfriendly Hospital Initiative (BFHI).10,11 Implementing and
practicing the Steps supports breastfeeding initiation, exclusivity, and duration.12-17 The American Academy of Pediatrics
endorsed the Steps as optimal maternity care.18
The prevalence of the Steps, individually and comprehensively, remains low in spite of the evidence and the endorsement and promotion by the American Academy of Pediatrics
and other health organizations.19 Approximately 4% of US
maternity facilities have received designation that they practice all Ten Steps.20 Data from the 2009 Centers for Disease
Control (CDC) Maternity Care Practices Survey (mPINC)
suggest that 54% of facilities practice only 3-5 of the Steps
and a minority (37%) practice more than 6 Steps.19 The
5 Steps with the lowest prevalence rates are Step 1 (Policy)
at 14% of facilities, Step 6 (No human milk substitutes) at
22%, Step 10 (Post-discharge support) at 27%, Step 9
(Pacifiers) at 30%, and Step 7 (Room-in) at 33.4%. Taken
together, this evidence indicates that the Ten Steps are not
part of normative US maternity practice.
Studies have examined the effect of the Ten Steps as a
whole, and at least 1 study has used the same dataset explored
herein to look at the likelihood of breastfeeding at 6 weeks as
opposed to breastfeeding duration.13-16,21 This study explored
the relationship of specific combinations of Steps with
duration of breastfeeding at the breast (BFB duration).
Breastfeeding at the breast duration was chosen since previous
work has documented that maternity practices are associated

with increased breastfeeding for intermediate and long-term
durations including breastfeeding at 12 months postpartum.16,22
This study explored how noncompliance with the Steps
influences BFB duration. The exposure variables included
(a) lacking each specific Step, (b) lacking combinations of
2 Steps, and (c) maternity care that reflects a decreasing
number of Steps. The hypothesis was that being denied care
outlined in the Steps will lead to shorter BFB duration.

Methods
Data
This study was exempt from IRB approval based on publicly
available data. Data came from the Infant Feeding Practices
Study II (IFPS II).23 The IFPS II is a national, longitudinal
study of women conducted by the US Food and Drug
Administration (FDA) in collaboration with the US Centers
for Disease Control.23 The IFPS II followed a sample of
women from the third trimester of pregnancy to 1 year postpartum and collected data every month to every 2 months;
study details were outlined elsewhere.23
Infant feeding data were collected on monthly questionnaires. Data on maternity care practices came from the neonatal questionnaire. Data used to control for confounding came
from the demographic, prenatal, and neonatal questionnaires.

Analytic Sample
The analytic sample included women who initiated breastfeeding at the breast, had data on exposure to the Steps, and
had complete data on covariates (N = 1304). Of these women,
44.1% were still breastfeeding at the breast on the final questionnaire they returned (ie, they were right censored). A
nonresponse analysis examined whether right-censored
women differed from women who remained in the study
until BFB cessation.

Measures
Outcome measure. The outcome was duration of any
breastfeeding at the breast (BFB). Any BFB was defined by
2 criteria: (1) a mother indicating that she fed her infant any
amount of human milk, and (2) the mother did not report that
her “Baby is only fed pumped milk.”
Breastfeeding at the breast was chosen to study the longterm impact of maternity practices on the maintenance of the
behavior and physiology of breastfeeding. We posit that sustained BFB is reactive to initial physiological establishment
of lactation. Breastfeeding at the breast reflects the maintenance of the physiology and behavior of breastfeeding; that
is, the mother–infant dyad is maintaining a behavior supported by the physiological interaction, as opposed to the
mother alone maintaining a behavior (eg, expressing milk).
This decision was also based on evidence suggesting that
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Table 2. Criteria Used to Assess Exposure to the 10 Steps to Successful Breastfeeding

Lack of Step 4: Mother initiated breastfeeding more than 1 hour after birth.
Lack of Step 6: Mother received a bag from the hospital containing free formula and/or mother received a bag from the hospital
containing formula coupons and/or infant was fed water, sugar water, or formula.
Lack of Step 7: Infant did not stay in the room with the mother day and night.
Lack of Step 8: For mother–infant dyads that roomed in: mother did not feed infant according to the infant’s hunger cues while in
hospital.
For mother–infant dyads that did not room in: staff did not bring the infant to the mother during the night for feeding and/or staff did not
base feeding times on hunger cues.
Lack of Step 9: Hospital staff provided the infant with a pacifier during the hospital stay.
Lack of Step 10: The hospital did not provide the mother information about local breastfeeding support groups before discharge.

differences may exist in some outcomes when BFB is compared with feeding expressed milk.24-26
Data on BFB duration came from the neonatal through
the month 12 questionnaires. Two variables were generated,
BFBa and BFBb. BFBa is the infant’s age on the last questionnaire when a mother indicated BFB, and BFBb is the infant’s
age on the first questionnaire when she indicated not BFB.
Cessation occurred between BFBa and BFBb. Some women
left the study before they stopped BFB. Survival analyses
allow all women who ever reported BFB to contribute to
duration estimates.27,28
Step exposure. The construct of interest was “not receiving
the care necessary for compliance with the Steps.” Compliance with a Step was measured using BFHI assessment criteria.10,11 The BFHI criteria are the standard used by
designating agencies to assess Step compliance.20,29 If a hospital does not meet all the criteria for a Step, the hospital is
considered as not practicing that Step.
The IFPS II collected data on maternal perception of
compliance with 6 of the Ten Steps: Step 4 (Breastfeed
within 1 hour after birth), Step 6 (No human milk substitutes),
Step 7 (Room-in), Step 8 (Hunger cues), Step 9 (Pacifiers),
and Step 10 (Post-discharge support). Table 2 presents the
criteria used to assess exposure to the Steps.
A second set of measures classified mothers by whether
they received care that was lacking combinations of 2 Steps
(eg, a mother reports that she was unable to breastfeed within
the first hour and she reports her infant received a pacifier—
lacking Steps 4 and 9).
A categorical variable was created to measure Step dosage levels, for which a dose is every 2 additional Steps
received: (1) “0 or 1 Step,” (2) “2 or 3 Steps,” (3) “4 or 5
Steps,” (4) “6 Steps.”13
Confounders. Region of the country and pain medications may be predictive of exposure to breastfeeding-supportive policies.19,30-32 Several variables may confound the
relationship between maternity practices and breastfeeding
duration: maternal race33,34; maternal age34-36; marital status34,36; educational attainment34-37; socioeconomic status34,38; WIC enrollment34; maternal obesity34,39-41; maternal
tobacco use34-37,41; parity34; method of delivery34,35; time

until return to work34,35,42,43; family support and attitudes
toward breastfeeding34,44,45; appropriate professional support34; whether mother breastfed previous children35,46,47;
prenatal breastfeeding intentions34,41,46,48; breastfeeding
self-efficacy46,49,50; maternal attitudes toward breastfeeding34,35,50; and maternal knowledge about breastfeeding.46
Table 3 presents the covariates used in this study to control
for confounding.

Descriptive Analyses
Life tables, with 4-week intervals, provided an estimate for
the survivor function, that is, the probability that a dyad BFB
for a time greater than or equal to time t. The estimated survivor function was used to estimate the sample’s descriptive
median BFB duration. Following IFPS II study precedence,
the midpoint between BFBa and BFBb was used for this
descriptive statistic.51

Statistical Analyses for Causal Inference
This study followed a potential outcomes framework.52-59
The propensity score (PS) can be used in the potential outcomes framework to draw causal inferences from estimated
relationships.60-65 More information on causal inference is
presented elsewhere.52-68
The PS is defined as the conditional probability woman
i is exposed to the treatment of interest, given her observed
characteristics.53, 60-63, 65 The PS reduces a woman’s characteristics into a single summary score that captures her likelihood
of receiving the treatment.60,61 The PS can sometimes accommodate more covariates than many traditional approaches.61
Conditional on the PS, each woman has the same probability
of exposure to the treatment (ie, care nonadherent with the
Steps).61-63, 65
A separate PS was estimated for each Step and each combination of 2 Steps, for a total of 21 PSs per respondent.
Propensity scores were modeled with 21 logistic regressions,
where exposure to “lacking the Step” and “lacking the combination of 2 Steps” served as the dependent variables. The
confounders presented in Table 3 were all selected as
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Table 3. Covariates Used When Modeling the Propensity Score
Mother and Infant Characteristics
• Maternal age
• Marital status (married, divorced, separated, never
married, widowed)
• Race/ethnicity (White, Black, Asian, Latina, Other)
• Whether mother is obese (BMI ≥ 30;Yes)
• Household income ($5,000 increments)
• Employment status reported on demographic
questionnaire (works for someone else full time,
temporarily unemployed, self-employed, works part
time, retired/not employed, disabled/student not
employed, full-time homemaker)   

• Mother’s income is half or more of household income, prenatal (yes)
• Educational attainment (high school or less, 1-3 y college, college
graduate, postgraduate)
• Number of cigarettes smoked, prenatal
• Number of previous children
• Mother enrolled in WIC during pregnancy on prenatal questionnaire
(yes)
• Child enrolled in WIC during pregnancy (yes)
• Sex of infant
• Work supportive of breastfeeding (agree/disagree)
• Prenatal intentions to return to work (Fewer than 4 wk, 4-9 wk, 10-16
wk, 17+ wk)

Maternal Experience with Breastfeeding
• Whether mother was breastfed as a child (mother was
breastfed as child, mother was not breastfed as a child,
mother does not know whether she was breastfed)
• Whether mother had previous children to breastfeed
(yes)
• Breastfeeding duration for previous children (in mo)
• Breastfeeding intentions: how plan to feed first few wk
(only breastfeed, only formula feed, mix feed, do not
know)
• Breastfeeding intentions: plan to breastfeed how
long (do not know, plan to formula feed, plan to stop
breastfeeding after __ mo)

• Breastfeeding self-efficacy (mother does not know her intentions, not
at all confident, not confident, somewhat confident, very confident).
• Prenatal attitudes toward breastfeeding 6-point Likert scale (strongly
disagree to strongly agree: infant formula as good as human milk,
breastfed babies less likely to get ear infections, breastfed babies
less likely to get respiratory illness, breastfed babies less likely to get
diarrhea, babies should be exclusively breastfed for 6 mo, breastfed
babies less likely to be obese)
• Knows recommendation for exclusive breastfeeding (yes)

Community and Family Support
• Region in country (New England, Mid-Atlantic, East
North Central, West North Central, South Atlantic,
East South Central, West South Central, Mountain,
Pacific)
• Population density (Non-MSAa, up to a half-million
people, half-million to 2 million people, 2 + million
people)   

• Infant’s father thinks that the infant should only be breastfed (yes)
• Maternal grandmother thinks that the infant should only be breastfed
(yes)
• Paternal grandmother thinks that the infant should only be breastfed
(yes)
• Live in region with breastfeeding campaign (yes)
• All friends with children breastfed (yes)

Health Care–Related Experiences
• Mother has health insurance at time of prenatal
questionnaire (yes)
• Type of prenatal care provider (obstetrician, family
physician, certified nurse midwife, other provider, none)
• Type of birth attendant (obstetrician, family physician,
certified nurse midwife, other provider, none)
• Type of delivery (vaginal not induced, vaginal induced,
planned cesarean, unplanned cesarean)

• Pain medications given during delivery (general anesthesia, spinal
epidural, demerol, nitrous oxide, pudendal block, other, none)
• Professional support during labor, such as a doula (yes)
• Infant’s father present during labor (yes)
• Relatives or friends present during labor (yes)
• No one other than medical staff present during labor (yes)

a

Metropolitan Service Area

independent variables to include in the PS using Shrier’s
method.68 Exposures to the other Steps were also included in
the PS as predictors (eg, if lack of Step 7 was under consideration, Steps 4, 6, 8, 9, and 10 were included as predictors).
Descendants, or variables occurring after exposure to the
Steps (such as time to return to work), were not included in
analyses, as they may bias results.53,68 Stabilized inverse
probability weights (IPWs) were constructed for each woman
using her estimated PSs.52

For the dose-response analysis, a multinomial regression
modeled the probability of exposure to each decreasing number of 2 Steps: (a) 6 Steps, (b) 4 or 5 Steps, (c) 2 or 3 Steps, or
(d) 0 or 1 Steps, as a function of the confounders presented in
Table 3. Stabilized IPWs were constructed for each woman
using the inverse probability of the dosage-level she reported.52
All PSs were assessed to ensure that after applying the
IPWs, each confounder was no longer correlated with
exposure.53,64,66
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An accelerated failure time (AFT) model with a lognormal distribution modeled the relationship between Step
exposure and BFB duration (results from likelihood ratio
tests suggested BFB duration followed a log-normal distribution).27,28 A parametric AFT model was used to accommodate interval censoring.27,28 The midpoint between BFBa and
BFBb was not used; rather, the AFT modeled the relationship
between Step exposure and the outcome measures BFBa and
BFBb, along with a censoring indicator variable. A detailed
explanation of how to model interval censored time-to-event
data (eg, when exact BFB duration is not observed) is presented elsewhere.27,28
A separate AFT model was run for each Step and combination of 2 Steps with “lack of the Step(s)” as the exposure.
An AFT model was run for the dose-response analyses with
a categorical variable for the number of Steps as the exposure. The stabilized IPWs were applied to the models to control for confounding. For each Step, combination of 2 Steps,
and dose level, the predicted difference in median BFB duration, measured in weeks, attributable to lack of the Step(s)
was calculated from the model estimates.27,28
Γ is the degree of hidden confounding needed to invalidate statistically significant results;62,67 Γ was estimated for
each significant relationship to assess sensitivity to bias from
hidden confounding. For example, Γ = 1.8 means that, for
the results to be invalidated, there would need to exist an
unobserved confounder that would change the odds of exposure by a factor of 1.8.

Results
Descriptive Analysis
Table 4 presents descriptive statistics for the analytic
sample. The median BFB duration was 44.1 weeks.
Prevalence of lack of exposure to the Steps is presented in
Tables 5 and 6. Almost 90% of respondents reported receiving care that was lacking Step 6 (No human milk substitutes). More than half reported not experiencing Steps 8
(Hunger cues) and 9 (Pacifier).

Causal Inference Analyses
Table 5 presents the dose-response analysis. The results
indicated that being exposed to 6 Steps results in a predicted
BFB duration of 48.8 weeks. Exposure to 4 or 5 Steps
resulted in a 9-week reduction in BFB duration compared
with exposure to 6 Steps. Exposure to 2 or 3 Steps resulted
in a 12-week reduction in BFB duration compared with
exposure to 6 Steps. Being exposed to 0 or 1 Steps, the
smallest dose level, was not significantly different from
exposure to the other doses.
Table 6 presents the relationship between individual and
combinations of 2 Steps with BFB duration. Lack of Step 6
(Human milk substitutes) led to a decrease in duration, a

10.52-week reduction compared with being exposed to Step 6.
This was the only Step that, individually, decreased duration.
Lacking both Steps 4 (Delayed initiation) and 9 (Pacifier)
was associated with the largest decrease in duration, 11.8
weeks. Lacking both Steps 8 (Not fed according to hunger
cues) and 9 (Pacifier) led to a 6.3-week reduction in duration. Lacking both Steps 7 (No rooming-in) and 8 (Not fed
according to hunger cues) led to a 5.6-week reduction.
The findings for “Lacking both Steps 6 and 8” (Γ = 1.061.07) and “Lacking both Steps 7 and 8 (Γ = 1.15-1.16) may
be sensitive to hidden confounding. The findings for
“Lacking Step 4 and 9” (Γ = 5+), “Lacking Step 6” (Γ =
3.40-3.41), and “Lacking Steps 8 and 9” (Γ = 1.31-1.32) may
be robust to hidden confounding.

Nonresponse Analysis
Right-censored women (ie, they left the study before cessation of BFB) were more likely to be from the Pacific region,
married, white, Latina, employed, not continue beyond high
school, know the recommendations for breastfeeding, intend to
breastfed for less than a few weeks or for more than 11 months,
intend to begin supplementation after 5 months, and have
confidence to achieve breastfeeding intentions.

Discussion
This study provides a unique contribution to the BFHI literature: (a) it framed the study to explore whether noncompliance with the Steps may reduce breastfeeding duration;
(b) it defined breastfeeding duration to consider maintenance of a physiologically based interactive behavior that
reflects the mother–infant dyad, BFB; (c) it estimated the
relationship between individual Steps and breastfeeding
duration and estimated the relationship of combinations of 2
Steps and breastfeeding duration to identify potential “lowhanging fruit” for implementation; and (d) it used causal
inference methods, ie, PS weights, to the estimate effects of
the Step(s). Furthermore, this study examined longer duration of breastfeeding than other studies, such as the
DiGirolamo study, where the outcome was “breastfeeding
cessation before 6 weeks” or Declercq at 1 week.13,15
This study confirmed previous work on the impact of the
Ten Steps on breastfeeding duration. For example, the finding that lack of Step 6 (No human milk substitutes) was associated with shorter durations of breastfeeding is similar to
previous work using the IFPS II.15 Unlike previous work,
such as the DiGirolamo study, this study developed measures for the Ten Steps using the assessment criteria from
BFHI and other health organizations as a guiding framework.11,15,29 Under these criteria, a hospital that provides formula discharge bags is not compliant with Step 6.11,29 To
measure the effect of noncompliance with Step 6, this study
included both formula discharge bags and formula supplementation, since both practices are assessed by designating
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Table 4. Analytic Sample Characteristics
Modal
Category
Maternal characteristics
Demographics
Median maternal age, y
Median no. of other children
Region of country
New England
Mid-Atlantic
East North Central
West North Central
South Atlantic
East South Central
West South Central
Mountain
Pacific
Marital status
Married
Divorced
Separated
Never married
Widowed
Race / ethnicity
White
Black
Asian / Pacific Islander
Latina / Hispanic
Other
Respondent’s health
Median no. of cigarettes smoked daily as reported on prenatal questionnaire
Obese (yes)a
Educational attainment
High school graduate or less
1-3 y of college
College graduate
Postgraduate
Income
Household incomeb
Previous experience with breastfeeding
Respondent did not have any previous children to breastfeed (yes)
For respondents with children, the number of mo respondent breastfed her
previous children
Respondent’s personal experience with breastfeeding
   Mother was breastfed as a child
   Mother was not breastfed as a child
   Mother does not know whether she was breastfed as a child
Respondent knows the recommendations for exclusive breastfeeding duration (yes)c
Prenatal breastfeeding and work intentions
Age of infant when mother expects to feed food besides breast milkb
Median age of infant when mother expects to completely stop breastfeeding, mo
Mother’s community support for breastfeeding
Respondent reported on the prenatal questionnaire that all of her friends and
relatives with children breastfed (yes)
Respondent reported on the prenatal questionnaire that the baby’s father thinks
the baby should only be breastfed during the first few wk (yes)

Analytic Sample
Median (SD)

%

29.0 (5.2)
1.0 (1.2)
3.8
11.8
20.7
8.9
15.7
5.2
10.8
10.9
12.3
82.9
2.5
0.8
13.6
0.2
85.3
3.9
2.9
6.4
1.5
0.0 (2.7)
21.9
15.9
40.2
32.8
11.0
$40,000-$45,000
27.1
≥ 12 mo

53.0
41.8
5.2
48.5
1-2 mo
10.0 (5.2)
8.3
64.2
(continued)
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Table 4. (continued)
Modal
Category

Analytic Sample
Median (SD)

Respondent reported on the prenatal questionnaire that the baby’s maternal
grandmother thinks the baby should only be breastfed during the first few wk
(yes)
Respondent reported on the prenatal questionnaire that the baby’s paternal
grandmother thinks the baby should only be breastfed during the first few wk
(yes)
Respondent lived in area with a national breastfeeding campaign (yes)
WIC status
Mother is enrolled in WIC during pregnancy (yes)
Respondent’s child enrolled in WIC during pregnancy (yes)
Baby characteristics
Baby is a boy (yes)
Health care characteristics
Respondent reported on the prenatal questionnaire that she has a health insurance plan (yes)
Prenatal care
Obstetrician gives prenatal care
Family physician gives prenatal care
Certified nurse midwife gives prenatal care
Other provider gives prenatal care
No prenatal care
Birth attendant
Obstetrician
Family physician
Certified nurse midwife
Other provider
No birth attendant
Type of delivery
Vaginal not induced
Vaginal induced
Planned cesarean section
Unplanned cesarean section
Pain medication during delivery
Received general anesthesia
Spinal epidural
Demerol
Nitrous oxide
Pudendal block
Other pain meds
No pain meds
Support during labor
Respondent reported that “a professional support person, such as a doula” was present during labor (yes)
Respondent reported that the baby’s father present during labor (yes)
Respondent reported that “relatives or friends” were present during labor (yes)
Respondent reported that “no one other than medical staff” were present during labor (yes)
Duration of breastfeeding at the breast
Median duration of breastfeeding at the breast, wkd

%
43.7
30.0
13.0
24.2
13.8
49.5
96.1
80.9
8.0
10.0
1.4
0.0
80.5
7.3
10.9
0.9
0.0
39.8
33.0
16.6
10.6
1.3
75.2
11.7
1.1
0.8
11.5
16.3
2.8
95.6
36.6
0.8
44.1 (1.14)

Analytic sample is limited to women in the IFPS II study who initiated breastfeeding and who had complete data on covariates (N = 1304).
a
Obese is a dichotomous variable indicating whether or not the respondent is obese. Obese was constructed from respondent’s height and weight, as
reported on the prenatal questionnaire.
b
Data recorded in categories. The modal category is reported.
c
Respondent answered 6 mo to the question, “As best you know, what is the recommended number of months to exclusively breastfeed a baby, meaning
the baby is only fed breast milk?”
d
Estimated using the survivor function obtained from the Life Tables method (with 4-wk intervals).
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Table 5. Estimates of the Dose-Response Relationship between the Care Necessary for Compliance with the Ten Steps to Successful
Breastfeeding and Duration of Breastfeeding at the Breast

Dose Level of Steps

Prevalence in
Analytic Sample, %

Duration Ratios (95%
confidence interval)

Predicted Duration of Breastfeeding
at the Breast for Exposure to Each
Dose of the Steps, Wk

Γc

Exposed to 0 or 1 Steps
Exposed to 2 or 3 Stepse
Exposed to 4 or 5 Stepse
Exposed to 6 Stepsf

10.4
44.2
36.3
9.1

1.00 (0.84, 1.19)
0.75 (0.62, 0.89)
0.82 (0.68, 0.97)
*f

48.77
36.39
39.81
48.82

*d
2.65-2.66
1.30-1.31
*f

Abbreviation: AFT, accelerated failure time model.
Results from a parametric survival modela using inverse probability weightsb to control for confounding (N = 1304).
a
A single AFT was run with duration of breastfeeding at the breast as the dependent variable and an ordinal variable indicating the number of Steps
a mother was exposed to as the explanatory variable; confounding was controlled for using inverse probability weights. An accelerated failure time
model was chosen to account for interval censoring in breastfeeding at the breast duration data. The explanatory variable was an ordinal categorical
variable indicating the number of Steps with 4 categories: (1) exposed to 0 or 1 Steps, (2) exposed to 2 or 3 Steps, (3) exposed to 4 or 5 Steps, (6)
exposed to
6 Steps.
b
Inverse probability weights were derived from a multinomial logistic regression model for probability of each Step-exposure category (exposed to 6
Steps was the referent group in the multinomial regression) as a function of a series of potential confounders identified in Table 3.
c
Sensitivity analysis: an unobserved confounder that would change the odds of exposure by a factor of Γ is needed to invalidate the results. A range is
reported such that the smaller value is the largest Γ estimated where the results remained statistically significant, and the larger value is the smallest
Γ estimated where the results lost statistical significance.
d
Not applicable because results are not statistically significant.
e
Significance P < .05
f
Referent group in the multinomial regression model and in the AFT model.

organizations vis-à-vis Step 6, which may provide a more
robust estimate of the effect of noncompliance with Step 6
compared with measuring Step 6 using supplementation
alone. In this study, Step 6 was the only Step individually
related to BFB duration; other Steps, individually, were not
related to BFB duration.
DiGirolamo noted an inverse relationship between pacifier use and breastfeeding at 6 weeks.15 This analysis did not
find a significant relationship between pacifier use and BFB
duration. However, an additive relationship was observed
when providing a pacifier was combined with lack of Step 4
(Breastfeed within 1 hour after birth) or lack of Step 8
(Hunger cues). Combining these practices may inhibit the
establishment of the physiology that supports maintenance
of BFB; if the infant is not put to the breast early and often,
then milk production is not adequately stimulated, leading to
a pattern of behavior that reduces milk production and shortens duration. The additive effects observed with the various
combinations suggest that there exists a synergistic relationship between specific Steps, perhaps because of the impact
on the biology of lactation, and the interactions that might
occur in the early hours/days of life. The relationship between
pacifier use and inhibiting the observation and response to
hunger cues may also explain the additive effect observed
between Steps 8 (Hunger cues) and 9 (Pacifiers).
There may be interactive relationships between identified
combinations (ie, Steps 4 and 9, Steps 8 and 9, and Steps 7
and 8) that result in a significant reduction in BFB duration.
It is unclear whether the interaction reflects system changes

that might readily complement each other, and/or whether it
reflects the creation of a biological synergy between the
effects of the Steps. Nonetheless, these findings allow consideration that some of the combinations with large observed
impact may be “low-hanging fruit” that hospitals and public
health interventionists can target and prioritize to increase
BFB duration.
Translational research (research into how to translate scientific evidence into applied settings) in hospitals serving
low-wealth communities has also found that implementation
of Steps 6 (No human milk substitutes), 9 (Pacifiers), and 4
(Breastfeed within 1 hour after birth) is associated with
increased breastfeeding rates.69
These analyses also suggest that there may be a doseresponse relationship between Step exposure and BFB duration. This result supports previous study findings.13,15 It is
worth noting that no significant difference was observed
between the duration associated with the lowest dose
(exposed to 0 or 1 Step) and BFB duration associated with
other doses. The 95% confidence interval on the duration
ratio spans the confidence intervals for all other dosage levels. This finding may be a result of the small number of
respondents in this category. Further research is needed to
identify the mechanisms at work for these dosage levels and
whether other dose levels (eg, groupings of 3 Steps rather
than 2) may be beneficial.
Comparing these results with the prevalence rates of Step
practice in the United States suggest that prevalent maternity
care may reduce BFB duration. According to data from the
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Table 6. Estimates of the Relationship of a Mother Not Receiving Care Necessary for Compliance with Individual Steps and
Combinations of 2 Steps of the Ten Steps to Successful Breastfeeding with Duration of Breastfeeding at the Breasta,b

Lack of Step Exposure
Lack of Step 4 (initiation
delayed)
Lack of Step 6g (formula and/
or formula bags provided)
Lack of Step 7 (motherinfant separated)
Lack of Step 8 (hunger cues
not followed)
Lack of Step 9 (pacifier
provided)
Lack of Step 10 (information
not provided)
Lack of both Steps 4 and 6
Lack of both Steps 4 and 7
Lack of both Steps 4 and 8
Lack of both Steps 4 and 9g
Lack of both Steps 4 and 10
Lack of both Steps 6 and 7
Lack of both Steps 6 and 8g
Lack of both Steps 6 and 9
Lack of both Steps 6 and 10
Lack of both Steps 7 and 8g
Lack of both Steps 7 and 9
Lack of both Steps 7 and 10
Lack of both Steps 8 and 9g
Lack of both Steps 8 and 10
Lack of both Steps 9 and 10

Prevalence Duration Ratios
in Analytic (95% confidence
interval)
Sample, %

Predicted Duration of
Breastfeeding at the
Breast for Lacking
a Step or Combination
of Steps, Wkc

Difference in Duration
Attributable to Lacking a Step or
Combination of Steps Compared
with Receiving the Step or
Combination of Steps, Wkd

Γe

33.1

0.88 (0.75, 1.01)

36.05

-5.17

*f

89.5

0.79 (0.69, 0.90)

39.08

-10.52

3.40-3.41

43.6

0.99 (0.86, 1.14)

42.32

-0.39

*f

56.4

0.91 (0.79, 1.05)

38.56

-3.67

*f

56.2

0.94 (0.82, 1.09)

39.75

-2.36

*f

27.2

1.15 (1.00, 1.32)

45.31

5.73

*f

30.7
17.1
21.9
20.2
10.1
41.2
51.5
52.6
24.4
34.7
28.9
10.8
34.7
15.1
14.7

0.93 (0.80, 1.08)
0.94 (0.81, 1.09)
0.87 (0.75, 1.00)
0.73 (0.63, 0.84)
1.13 (0.98, 1.29)
1.08 (0.94, 1.25)
0.87 (0.75, 1.00)
0.95 (0.83, 1.10)
1.13 (0.98, 1.30)
0.86 (0.76, 0.99)
0.90 (0.78, 1.03)
0.96 (0.85, 1.08)
0.85 (0.74, 0.98)
0.90 (0.79, 1.04)
0.92 (0.80, 1.06)

38.52
40.02
36.14
30.96
44.73
43.47
36.83
40.53
45.52
36.12
37.34
36.76
35.97
36.38
37.97

-2.89
-2.63
-5.43
-11.84
5.06
3.26
-5.71
-1.96
5.20
-5.66
-4.21
-1.68
-6.33
-3.85
-3.30

*f
*f
*f
5+
*f
*f
1.06-1.07
*f
*f
1.15-1.16
*
*f
1.31-1.32
*f
*f

Abbreviations: AFT, accelerated failure time; IPW, inverse probability weight.
Results from parametric survival analyses using inverse probability weights to control for confounding (N = 1304).
a
An accelerated failure time (AFT) model was chosen to account for the interval censoring in the dependent variable: duration of breastfeeding
at the breast. A log-normal distribution was chosen to model duration of breastfeeding at the breast based on a set of likelihood ratio tests. Six
univariate AFT models were run, 1 for each individual Step, with a dichotomous variable indicating lack of exposure to that Step as the sole explanatory variable. An IPW, modeling a woman’s probability for lack of exposure to that individual Step, was applied to control for confounding. Next, a
series of 15 AFT models was run, 1 for each combination of 2 Steps, with a dichotomous variable indicating lack of exposure to both Steps as the
sole explanatory variable. An IPW, modeling a woman’s probability of lack of exposure to both Steps in the combination of 2, was used to control for
confounding.
b
A series of 21 IPWs was defined: 1 for each individual Step and combination of 2 Steps. For each Step, IPWs were derived using a logistic regression
with exposure to care noncompliant with that Step as the dependent variable and a set of confounders (presented in Table 3) as predictors. The
Step-specific IPW was applied to the data when running that Step-specific AFT model to estimate the relationship between care noncompliant
with that Step and duration of breastfeeding at the breast. This process was repeated for each Step. This entire process was then repeated for each
combination of Steps in which the dependent variable was a dichotomous variable indicating exposure to care noncompliant to both Steps in the
combination of 2. The same confounders presented in Table 3 were included as predictors. Inverse probability weights were constructed for each
combination of 2 Steps. Each combination-specific IPW was applied to the data when running that combination-specific AFT model. Each of the 21
IPWs was tested to determine that covariate balance was achieved between the exposed and unexposed groups.
c
The predicted duration of breastfeeding at the breast (wk) as a result of not receiving the relevant care. For example, 36.05 wk is the predicted duration of breastfeeding at the breast (wk), resulting from not being able to breastfeed within the first hour after birth (Lack of Step 4). This estimate
controls for confounding using the IPWs described in note b.
d
Negative values are interpreted as lacking a Step results in shorter duration times compared with receiving that Step; positive values are interpreted
as lacking a Step results in longer duration times compared with receiving that Step. The difference in duration is the difference in duration of
breastfeeding at the breast resulting from not receiving the relevant care in the Step compared with receiving the care in the Step. For example,
“Lacking Step 4,” a mother not able to breastfeed in the first hour after birth, has a predicted duration of breastfeeding at the breast that is 5.17
wk shorter compared with a mother who is able to breastfeed in the first hour after birth. This estimate controls for confounding using the IPWs
described in note b.
e
Sensitivity analysis: an unobserved confounder that would change the odds of exposure by a factor of Γ is needed to invalidate the results. A range is
reported such that the smaller value is the largest Γ estimated where the results remained statistically significant and the larger value is the smallest
Γ estimated where the results lost statistical significance.
f
Not applicable because estimates are not statistically significant.
g
Significance P < .05.
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2009 mPINC survey, approximately 49% of facilities do not
practice Step 4 (Breastfeed within 1 hour after birth) and as
many as 69% do not practice Step 9 (Pacifiers).19 This finding suggests that a significant proportion of women may be
receiving care that potentially shortens their BFB duration
by as much as 11 weeks. Furthermore, nonadherence to the
Step 4 may have discouraged some women from breastfeeding at all, which may lead to an increased effect than was
measured in this study.

less likely to be low income, more likely to be employed
and white, had fewer children, were less likely to smoke,
and took longer maternity leave than a random sample of
US mothers.23 The sample, necessarily, was limited to
women who had ever initiated breastfeeding; questionnaires only asked women who had initiated breastfeeding
about their exposure to the Steps. Analyses cannot assess
whether denial of care led to women not initiating
breastfeeding.

Limitations

Conclusions

The first limitation of this study is that the hospital practices
used for measuring each Step were based on mothers’ selfreport. As a result, all the results are subject to the mother’s
perception of care that she received as opposed to actual care
that she received. The practices that a mother perceived and
reported may be a poor reflection of what actually happened
to her. It should be noted that prevalence of Step exposure
reported in the database is similar to reports found elsewhere,
such as in the mPINC. Potential bias from maternal selfreport, therefore, may be minor. These data also fail to capture facility-level factors relating to exposure to the Steps.
This study was unable to measure certain hospital-level Steps
such as Steps 1 (Have a policy) and 2 (Training). Further
research is needed to explore how these facility-level Steps
may influence long-term BFB duration.
Second, some of the findings may be confounded by
reverse causality. For example, providing a pacifier and/or
formula supplementation may be indicative of unaddressed
breastfeeding difficulties as opposed to nonadherence to the
Steps, per se.
A third limitation is that BFB behaviors are self-reported.
However, research suggests that mother-reported breastfeeding behaviors, as reported in the IFPS II, may provide valid
and reliable estimates.70
A fourth limitation is that our definition of BFB may bias
duration estimates. Specifically, the interval-censoring
nature of the construct may lead to higher estimates of duration. However, we conducted a sensitivity analysis in which
we used the breastfeeding variable provided in the IFPS II
database, excluding women when they fed exclusively
pumped milk, and we used both Kaplan Meier and Life
Tables approaches to estimate duration. There was no statistically significant difference between our constructed variable and these alternative estimates.
Fifth, the study had attrition over the first 2 rounds of data
collection. The results from nonresponse analyses suggested
that censoring might not have occurred at random. Factors
related to censoring may confound the relationships observed
in these analyses.
Finally, generalizability is limited in that participants in
the IFPS II sample were slightly older, more highly educated,

The results from this analysis indicate that noncompliance to specific Steps, or sets of Steps, may reduce
breastfeeding duration. This study offers the first assessment of the relationships of combinations of Steps with
the duration of breastfeeding; the results suggest possible
combinations of Steps may be targeted to accelerate
improvement.
Translational research is needed to identify whether
implementation of identified combinations of Steps results in
increased BFB duration. Operational research would help
inform programs that support hospitals in how to implement
the practices outlined in the Steps.
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