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Original Research

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.

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 

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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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 dose-
response 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.
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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 Baby-
friendly Hospital Initiative (BFHI).10,11 Implementing and 
practicing the Steps supports breastfeeding initiation, exclu-
sivity, and duration.12-17 The American Academy of Pediatrics 
endorsed the Steps as optimal maternity care.18

The prevalence of the Steps, individually and comprehen-
sively, remains low in spite of the evidence and the endorse-
ment and promotion by the American Academy of Pediatrics 
and other health organizations.19 Approximately 4% of US 
maternity facilities have received designation that they prac-
tice 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 post-
partum and collected data every month to every 2 months; 
study details were outlined elsewhere.23

Infant feeding data were collected on monthly question-
naires. Data on maternity care practices came from the neona-
tal questionnaire. Data used to control for confounding came 
from the demographic, prenatal, and neonatal questionnaires.

Analytic Sample
The analytic sample included women who initiated breast-
feeding 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 ques-
tionnaire 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 long-
term impact of maternity practices on the maintenance of the 
behavior and physiology of breastfeeding. We posit that sus-
tained BFB is reactive to initial physiological establishment 
of lactation. Breastfeeding at the breast reflects the mainte-
nance of the physiology and behavior of breastfeeding; that 
is, the mother–infant dyad is maintaining a behavior sup-
ported 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 

Table 1. The Ten Steps to Successful Breastfeeding

Step 1 Have a written breastfeeding policy that is routinely 
communicated to all health care staff.

Step 2 Train all health care staff in skills necessary to 
implement this policy.

Step 3 Inform all pregnant women about the benefits and 
management of breastfeeding.

Step 4 Help mothers initiate breastfeeding within the first 
hour of birth.

Step 5 Show mothers how to breastfeed, and how to 
maintain lactation even if they should be separated 
from their infants.

Step 6 Give newborn infants no food or drink other than 
human milk, unless medically indicated.

Step 7 Practice rooming-in—that is, allow mothers and 
infants to remain together—24 hours a day.

Step 8 Encourage breastfeeding on demand.
Step 9 Give no artificial teats or pacifiers to breastfeeding 

infants.
Step 10 Foster the establishment of breastfeeding support 

groups and refer mothers to them on discharge 
from the hospital or clinic.
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differences may exist in some outcomes when BFB is com-
pared with feeding expressed milk.24-26

Data on BFB duration came from the neonatal through 
the month 12 questionnaires. Two variables were generated, 
BFB

a
 and BFB

b
. BFB

a
 is the infant’s age on the last question-

naire when a mother indicated BFB, and BFB
b
 is the infant’s 

age on the first questionnaire when she indicated not BFB. 
Cessation occurred between BFB

a
 and BFB

b
. 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.” Compli-
ance with a Step was measured using BFHI assessment cri-
teria.10,11 The BFHI criteria are the standard used by 
designating agencies to assess Step compliance.20,29 If a hos-
pital 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 dos-
age 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 medica-
tions may be predictive of exposure to breastfeeding-sup-
portive policies.19,30-32 Several variables may confound the 
relationship between maternity practices and breastfeeding 
duration: maternal race33,34; maternal age34-36; marital sta-
tus34,36; educational attainment34-37; socioeconomic sta-
tus34,38; 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 sup-
port34; whether mother breastfed previous children35,46,47; 
prenatal breastfeeding intentions34,41,46,48; breastfeeding 
self-efficacy46,49,50; maternal attitudes toward breastfeed-
ing34,35,50; 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 sur-
vivor function was used to estimate the sample’s descriptive 
median BFB duration. Following IFPS II study precedence, 
the midpoint between BFB

a
 and BFB

b
 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 out-
comes 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 character-
istics into a single summary score that captures her likelihood 
of receiving the treatment.60,61 The PS can sometimes accom-
modate 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 com-
bination 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 com-
bination of 2 Steps” served as the dependent variables. The 
confounders presented in Table 3 were all selected as 

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.
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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)

• 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)

•  Population density (Non-MSAa, up to a half-million 
people, half-million to 2 million people, 2 + million 
people)   

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)

aMetropolitan 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 consid-
eration, 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 num-
ber 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 log-
normal distribution modeled the relationship between Step 
exposure and BFB duration (results from likelihood ratio 
tests suggested BFB duration followed a log-normal distri-
bution).27,28 A parametric AFT model was used to accommo-
date interval censoring.27,28 The midpoint between BFB

a
 and 

BFB
b
 was not used; rather, the AFT modeled the relationship 

between Step exposure and the outcome measures BFB
a
 and 

BFB
b
, 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 pre-
sented elsewhere.27,28

A separate AFT model was run for each Step and combi-
nation 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 expo-
sure. The stabilized IPWs were applied to the models to con-
trol for confounding. For each Step, combination of 2 Steps, 
and dose level, the predicted difference in median BFB dura-
tion, 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 invali-
date 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 expo-
sure 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 receiv-
ing care that was lacking Step 6 (No human milk substi-
tutes). 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 dura-
tion. 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 = 1.06-
1.07) 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 cessa-
tion 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 lit-
erature: (a) it framed the study to explore whether noncom-
pliance with the Steps may reduce breastfeeding duration; 
(b) it defined breastfeeding duration to consider mainte-
nance 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 “low-
hanging 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 dura-
tion 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 find-
ing that lack of Step 6 (No human milk substitutes) was asso-
ciated 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 mea-
sures for the Ten Steps using the assessment criteria from 
BFHI and other health organizations as a guiding frame-
work.11,15,29 Under these criteria, a hospital that provides for-
mula 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 supple-
mentation, since both practices are assessed by designating 
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Table 4. Analytic Sample Characteristics

Modal  
Category

Analytic Sample 
Median (SD) %

Maternal characteristics
 Demographics
 Median maternal age, y 29.0 (5.2)  
 Median no. of other children 1.0 (1.2)  
 Region of country
 New England 3.8
 Mid-Atlantic 11.8
 East North Central 20.7
 West North Central 8.9
 South Atlantic 15.7
 East South Central 5.2
 West South Central 10.8
 Mountain 10.9
 Pacific 12.3
 Marital status
 Married 82.9
 Divorced 2.5
 Separated 0.8
 Never married 13.6
 Widowed 0.2
 Race / ethnicity
 White 85.3
 Black 3.9
 Asian / Pacific Islander 2.9
 Latina / Hispanic 6.4
Other 1.5
 Respondent’s health
 Median no. of cigarettes smoked daily as reported on prenatal questionnaire 0.0 (2.7)  
 Obese (yes)a 21.9
 Educational attainment
 High school graduate or less 15.9
 1-3 y of college 40.2
 College graduate 32.8

 Postgraduate 11.0
 Income
 Household incomeb $40,000-$45,000  
 Previous experience with breastfeeding
 Respondent did not have any previous children to breastfeed (yes) 27.1
 For respondents with children, the number of mo respondent breastfed her 

previous children
≥ 12 mo  

 Respondent’s personal experience with breastfeeding  
  Mother was breastfed as a child 53.0
  Mother was not breastfed as a child 41.8
  Mother does not know whether she was breastfed as a child 5.2
 Respondent knows the recommendations for exclusive breastfeeding duration (yes)c 48.5
 Prenatal breastfeeding and work intentions
 Age of infant when mother expects to feed food besides breast milkb 1-2 mo  
 Median age of infant when mother expects to completely stop breastfeeding, mo 10.0 (5.2)  
 Mother’s community support for breastfeeding
 Respondent reported on the prenatal questionnaire that all of her friends and 

relatives with children breastfed (yes)
8.3

 Respondent reported on the prenatal questionnaire that the baby’s father thinks 
the baby should only be breastfed during the first few wk (yes)

64.2

(continued)
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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)

43.7

 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)

30.0

Respondent lived in area with a national breastfeeding campaign (yes) 13.0
 WIC status
 Mother is enrolled in WIC during pregnancy (yes) 24.2
 Respondent’s child enrolled in WIC during pregnancy (yes) 13.8
 Baby characteristics
 Baby is a boy (yes) 49.5
 Health care characteristics
 Respondent reported on the prenatal questionnaire that she has a health insurance plan (yes) 96.1
 Prenatal care
 Obstetrician gives prenatal care 80.9
 Family physician gives prenatal care 8.0
 Certified nurse midwife gives prenatal care 10.0
 Other provider gives prenatal care 1.4
 No prenatal care 0.0
 Birth attendant
 Obstetrician 80.5
 Family physician 7.3
 Certified nurse midwife 10.9
 Other provider 0.9
 No birth attendant 0.0
 Type of delivery
 Vaginal not induced 39.8
 Vaginal induced 33.0
 Planned cesarean section 16.6
 Unplanned cesarean section 10.6
 Pain medication during delivery
 Received general anesthesia 1.3
 Spinal epidural 75.2
 Demerol 11.7
 Nitrous oxide 1.1
 Pudendal block 0.8
 Other pain meds 11.5
 No pain meds 16.3
 Support during labor
 Respondent reported that “a professional support person, such as a doula” was present during labor (yes) 2.8
 Respondent reported that the baby’s father present during labor (yes) 95.6
 Respondent reported that “relatives or friends” were present during labor (yes) 36.6
 Respondent reported that “no one other than medical staff” were present during labor (yes) 0.8
Duration of breastfeeding at the breast
 Median duration of breastfeeding at the breast, wkd 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).
aObese 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.
bData recorded in categories. The modal category is reported.
cRespondent 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?”
dEstimated using the survivor function obtained from the Life Tables method (with 4-wk intervals).

Table 4. (continued)
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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 10.4 1.00 (0.84, 1.19) 48.77 *d

Exposed to 2 or 3 Stepse 44.2 0.75 (0.62, 0.89) 36.39 2.65-2.66
Exposed to 4 or 5 Stepse 36.3 0.82 (0.68, 0.97) 39.81 1.30-1.31
Exposed to 6 Stepsf  9.1 *f 48.82 *f

Abbreviation: AFT, accelerated failure time model.
Results from a parametric survival modela using inverse probability weightsb to control for confounding (N = 1304).
aA 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.
bInverse 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.
cSensitivity 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.
dNot applicable because results are not statistically significant.
eSignificance P < .05
fReferent 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 paci-
fier 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 short-
ens duration. The additive effects observed with the various 
combinations suggest that there exists a synergistic relation-
ship 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 con-
sideration 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 sci-
entific 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 dose-
response relationship between Step exposure and BFB dura-
tion. 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 lev-
els. 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

Prevalence 
in Analytic 
Sample, %

Duration Ratios 
(95% confidence 

interval)

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

Lack of Step 4 (initiation 
delayed)

33.1 0.88 (0.75, 1.01) 36.05 -5.17 *f

Lack of Step 6g (formula and/
or formula bags provided)

89.5 0.79 (0.69, 0.90) 39.08 -10.52 3.40-3.41

Lack of Step 7 (mother-
infant separated)

43.6 0.99 (0.86, 1.14) 42.32 -0.39 *f

Lack of Step 8 (hunger cues 
not followed)

56.4 0.91 (0.79, 1.05) 38.56 -3.67 *f

Lack of Step 9 (pacifier 
provided)

56.2 0.94 (0.82, 1.09) 39.75 -2.36 *f

Lack of Step 10 (information 
not provided)

27.2 1.15 (1.00, 1.32) 45.31 5.73 *f

Lack of both Steps 4 and 6 30.7 0.93 (0.80, 1.08) 38.52 -2.89 *f

Lack of both Steps 4 and 7 17.1 0.94 (0.81, 1.09) 40.02 -2.63 *f

Lack of both Steps 4 and 8 21.9 0.87 (0.75, 1.00) 36.14 -5.43 *f

Lack of both Steps 4 and 9g 20.2 0.73 (0.63, 0.84) 30.96 -11.84 5+
Lack of both Steps 4 and 10 10.1 1.13 (0.98, 1.29) 44.73 5.06 *f

Lack of both Steps 6 and 7 41.2 1.08 (0.94, 1.25) 43.47 3.26 *f

Lack of both Steps 6 and 8g 51.5 0.87 (0.75, 1.00) 36.83 -5.71 1.06-1.07
Lack of both Steps 6 and 9 52.6 0.95 (0.83, 1.10) 40.53 -1.96 *f

Lack of both Steps 6 and 10 24.4 1.13 (0.98, 1.30) 45.52 5.20 *f

Lack of both Steps 7 and 8g 34.7 0.86 (0.76, 0.99) 36.12 -5.66 1.15-1.16
Lack of both Steps 7 and 9 28.9 0.90 (0.78, 1.03) 37.34 -4.21 *
Lack of both Steps 7 and 10 10.8 0.96 (0.85, 1.08) 36.76 -1.68 *f

Lack of both Steps 8 and 9g 34.7 0.85 (0.74, 0.98) 35.97 -6.33 1.31-1.32
Lack of both Steps 8 and 10 15.1 0.90 (0.79, 1.04) 36.38 -3.85 *f

Lack of both Steps 9 and 10 14.7 0.92 (0.80, 1.06) 37.97 -3.30 *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).
aAn 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 explana-
tory 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.
bA 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.
cThe 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 du-
ration 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.
dNegative 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.
eSensitivity 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.
fNot applicable because estimates are not statistically significant.
gSignificance 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 find-
ing 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 breastfeed-
ing at all, which may lead to an increased effect than was 
measured in this study.

Limitations
The first limitation of this study is that the hospital practices 
used for measuring each Step were based on mothers’ self-
report. 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 self-
report, therefore, may be minor. These data also fail to cap-
ture 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 breastfeed-
ing 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 dura-
tion. 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 statis-
tically significant difference between our constructed vari-
able 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, 

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; question-
naires 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.

Conclusions
The results from this analysis indicate that noncompli-
ance to specific Steps, or sets of Steps, may reduce 
breastfeeding duration. This study offers the first assess-
ment 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.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for 
the research, authorship, and/or publication of this article: This 
project was supported by grant number R03HS019757 from the 
Agency for Healthcare Research and Quality. The content is solely 
the responsibility of the authors and does not necessarily represent 
the official views of the Agency for Healthcare Research and 
Quality. This research was also funded by the Carolina Global 
Breastfeeding Institute Endowment.

References

 1. Ip S, Chung M, Raman G, et al. Breastfeeding and maternal and 
infant health outcomes in developed countries. 2007. AHRQ 
Publication No. 07-E007.

 2. Jones G, Steketee RW, Black RE, Bhutta ZA, Morris SS. 
How many child deaths can we prevent this year? Lancet. 
2003;362:65-71.

 3. McClure CK, Catov J, Ness R, Schwarz EB. Maternal visceral 
adiposity by consistency of lactation. Matern Child Health J. 
2012;16:316-21.

 4. Ram KT, Bobby P, Hailpern SM, et al. Duration of lactation is 
associated with lower prevalence of the metabolic syndrome 
in midlife—SWAN, the study of women’s health across the 
nation. Am J Obstet Gynecol. 2008;198:268.

 at University of North Carolina at Chapel Hill on November 30, 2012jhl.sagepub.comDownloaded from 

http://jhl.sagepub.com/


Nickel et al 11

 5. Schwarz EB, McClure CK, Tepper PG, et al. Lactation and 
maternal measures of subclinical cardiovascular disease. Obstet 
Gynecol. 2010;115:41-48.

 6. Schwarz EB, Brown JS, Creasman JM, et al. Lactation and 
maternal risk of type 2 diabetes: a population-based study. Am J 
Med. 2010;123:863.e1-863.e6.

 7. Stuebe AM, Willett WC, Xue F, Michels KB. Lactation and 
incidence of premenopausal breast cancer: a longitudinal study. 
Arch Intern Med. 2009;169:1364-1371.

 8. Centers for Disease Control and Prevention. Breastfeeding 
among US children born 2000-2009, CDC National Immuni-
zation Survey. 2012. http://www.cdc.gov/breastfeeding/data/
NIS_data/index.htm. Accessed October 24, 2012.

 9. Centers for Disease Control and Prevention. Breastfeeding: 
Data: Breastfeeding Report Card-United States, 2012. 2012. 
http://www.cdc.gov/breastfeeding/data/reportcard.htm. 
Accessed September 13, 2012.

10. World Health Organization, UNICEF. Protecting, promoting 
and supporting breast-feeding: the special role of maternity 
services: a joint WHO/UNICEF statement. 32. 1989. Geneva, 
Switzerland: World Health Organization; January 27, 2010.

11. World Health Organization and UNICEF. Baby-friendly 
Hospital Initiative: Revised, updated and expanded for inte-
grated care, 2009. http://www.who.int/nutrition/publications/
infantfeeding/9789241594950/en/index.html. Accessed Octo-
ber 24, 2012.

12. Abrahams SW, Labbok MH. Exploring the impact of the Baby-
Friendly Hospital Initiative on trends in exclusive breastfeed-
ing. Int Breastfeed J. 2009;4:11.

13. Declercq E, Labbok MH, Sakala C, O’Hara M. Hospital prac-
tices and women’s likelihood of fulfilling their intention to 
exclusively breastfeed. Am J Public Health. 2009;99:929-935.

14. DiGirolamo AM, Grummer-Strawn LM, Fein S. Maternity care 
practices: implications for breastfeeding. Birth. 2001;28:94-100.

15. DiGirolamo AM, Grummer-Strawn LM, Fein SB. Effect 
of maternity-care practices on breastfeeding. Pediatrics. 
2008;122:S43-S49.

16. Kramer MS, Chalmers B, Hodnett ED, et al. Promotion of 
breastfeeding intervention trial (PROBIT)—A randomized trial 
in the Republic of Belarus. JAMA. 2001;285:413-420.

17. Merten S, Dratva J, Ackermann-Liebrich U. Do baby-friendly 
hospitals influence breastfeeding duration on a national level? 
Pediatrics. 2005;116:e702-e708.

18. Tayloe DT. AAP endorses WHO/UNICEF Ten Steps to Success-
ful Breastfeeding [letter]. 2009. http://www.aap.org/breastfeed-
ing/files/pdf/TenStepswosig.pdf. Accessed January 23, 2009.

19. Centers for Disease Control and Prevention. Breastfeeding: 
data and statistics: mPINC results | DNPAO | CDC; 2011. http://
www.cdc.gov/breastfeeding/data/mpinc/results.htm. Accessed 
August 8, 2012.

20. Baby-Friendly, USA. BFHI USA: Implementing the UNICEF/
WHO Baby Friendly Hospital Initiative in the US. Info for 
Hospitals and Birth Centers; 2012. http://www.babyfriendlyusa 
.org/eng/04.html. Accessed August 7, 2012.

21. Grizzard TA, Bartick M, Nikolov M, Griffin BA, Lee KG. Poli-
cies and practices related to breastfeeding in Massachusetts: 
hospital implementation of the ten steps to successful breast-
feeding. Matern Child Health J. 2006;10:247-263.

22. Kronborg H, Vaeth M. How are effective breastfeeding tech-
nique and pacifier use related to breastfeeding problems and 
breastfeeding duration? Birth. 2009;36:34-42.

23. Fein SB, Labiner-Wolfe J, Shealy KR, Li R, Chen J, Grummer-
Strawn LM. Infant Feeding Practices Study II: study methods. 
Pediatrics. 2008;122(Suppl 2):S28-S35.

24. Buckley KM, Charles GE. Benefits and challenges of transi-
tioning preterm infants to at-breast feedings. Int Breastfeed J. 
2006;1:13.

25. Li R, Fein SB, Grummer-Strawn LM. Association of breast-
feeding intensity and bottle-emptying behaviors at early infancy 
with infants’ risk for excess weight at late infancy. Pediatrics. 
2008;122(Suppl 2):S77-S84.

26. Li RW, Magadia J, Fein SB, Grummer-Strawn LM. Risk of 
bottle-feeding for rapid weight gain during the first year of life. 
Arch Pediatr Adolesc Med. 2012;166:431-436.

27. Allison PD. Survival Analysis Using SAS: A Practical Guide. 
2nd ed. Cary, NC: SAS Institute Inc; 2012.

28. Collett D. Modelling Survival Data in Medical Research. 2nd 
ed. Boca Raton, FL: Chapman & Hall/CRC; 2003.

29. North Carolina Division of Public Health NS. North Carolina 
Maternity Center Breastfeeding-Friendly Designation Pro-
gram; 2010.

30. Baumgarder DJ, Muehl P, Fischer M, Pribbenow B. Effect of 
labor epidural anesthesia on breast-feeding of healthy full-
term newborns delivered vaginally. J Am Board Fam Pract. 
2003;16:7-13.

31. Ransjo-Arvidson AB, Matthiesen AS, Lilja G, Nissen E,  
Widstrom AM, Uvnas-Moberg K. Maternal analgesia during 
labor disturbs newborn behavior: effects on breastfeeding, tem-
perature, and crying. Birth. 2001;28:5-12.

32. Wiklund I, Norman M, Uvnas-Moberg K, Ransjo-Arvidson 
AB, Andolf E. Epidural analgesia: breast-feeding success and 
related factors. Midwifery. 2009;25:E31-E38.

33. Forste R, Weiss J, Lippincott E. The decision to breastfeed in the 
United States: does race matter? Pediatrics. 2001;108:291-296.

34. Thulier D, Mercer J. Variables Associated With Breastfeeding 
Duration. J Obstet Gynecol Neonatal Nurs. 2009;38:259-268.

35. Ladomenou F, Kafatos A, Galanakis E. Risk factors related to 
intention to breastfeed, early weaning and suboptimal duration 
of breastfeeding. Acta Paediatr. 2007;96:1441-1444.

36. Li J, Kendall GE, Henderson S, Downie J, Landsborough L, 
Oddy WH. Maternal psychosocial well-being in pregnancy and 
breastfeeding duration. Acta Paediatr. 2008;97:221-225.

37. Simard I, O’Brien HT, Beaudoin A, et al. Factors influencing 
the initiation and duration of breastfeeding among low-income 
women followed by the Canada Prenatal Nutrition Program in 
4 regions of Quebec. J Hum Lact. 2005;21:327-337.

38. Coulibaly R, Seguin L, Zunzunegui MV, Gauvin L. Links 
between maternal breast-feeding duration and Quebec infants’ 

 at University of North Carolina at Chapel Hill on November 30, 2012jhl.sagepub.comDownloaded from 

http://jhl.sagepub.com/


12  Journal of Human Lactation XX(X)

health: a population-based study. Are the effects different for 
poor children? Matern Child Health J. 2006;10:537-543.

39. Amir LH, Donath S. A systematic review of maternal obesity 
and breastfeeding intention, initiation and duration. BMC Preg-
nancy Childbirth. 2007;7:9.

40. Baker JL, Michaelsen KF, Sorensen TIA, Rasmussen KM. High 
prepregnant body mass index is associated with early termina-
tion of full and any breastfeeding in Danish women. Am J Clin 
Nutr. 2007;86:404-411.

41. Forster DA, McLachlan HL, Lumley J. Factors associated with 
breastfeeding at six months postpartum in a group of Australian 
women. Int Breastfeed J. 2006;1:18.

42. Cooklin AR, Donath SM, Amir LH. Maternal employment and 
breastfeeding: results from the longitudinal study of Australian 
children. Acta Paediatr. 2008;97:620-623.

43. Rea MF, Morrow AL. Protecting, promoting, and supporting 
breastfeeding among women in the labor force. Adv Exp Med 
Biol. 2004;554:121-132.

44. Pisacane A, Continisio GI, Aldinucci M, D’Amora S, Contini-
sio P. A controlled trial of the father’s role in breastfeeding pro-
motion. Pediatrics. 2005;116:E494-E498.

45. Scott JA, Binns CW, Oddy WH, Graham KI. Predictors of 
breastfeeding duration: evidence from a cohort study. Pediat-
rics. 2006;117:e646-e655.

46. Kronborg H, Vaeth M. The influence of psychosocial fac-
tors on the duration of breastfeeding. Scand. J Public Health. 
2004;32:210-216.

47. Haas DM, Howard CS, Christopher M, Rowan K, Broga MC, 
Corey T. Assessment of breastfeeding practices and reasons 
for success in a military community hospital. J Hum Lact. 
2006;22:439-445.

48. DiGirolamo A, Thompson N, Martorell R, Fein S, Grummer-
Strawn L. Intention or experience? Predictors of continued 
breastfeeding. Health Educ Behav. 2005;32:208-226.

49. Dennis CL, Heaman M, Mossman M. Psychometric testing of 
the breastfeeding self-efficacy scale-short form among adoles-
cents. J Adolesc Health. 2011;49:265-271.

50. Mossman M, Heaman M, Dennis CL, Morris M. The influ-
ence of adolescent mothers’ breastfeeding confidence and 
attitudes on breastfeeding initiation and duration. J Hum Lact. 
2008;24:268-277.

51. Centers for Disease Control and Prevention. Breastfeeding. Data: 
Infant feeding practices survey II. 2007. http://www.cdc.gov/
BREASTFEEDING/data/infant_feeding.htm. Accessed October 
24, 2012.

52. Imbens GW. The role of the propensity score in estimating 
dose-response functions. Biometrika. 2000;87:706-710.

53. Morgan SL, Winship C. Counterfactuals and Causal Inference: 
Methods and Principles for Social Research. New York, NY: 
Cambridge University Press; 2007.

54. Rothman KJ, Greenland S. Causation and causal inference in epi-
demiology. Am J Public Health. 2005;95(Suppl 1):S144-S150.

55. Rubin DB. Estimating causal effects of treatments in ran-
domized and nonrandomized studies. J Educ Psychol. 1974; 
66:688-701.

56. Rubin DB. Causal inference without counterfactuals - com-
ment. J Am Stat Assoc. 2000;95:435-438.

57. Rubin DB. Causal inference using potential outcomes: design, 
modeling, decisions. J Am Stat Assoc. 2005;100:322-331.

58. Rubin DB. For objective causal inference, design trumps analy-
sis. Ann Appl Stat. 2008;2:808-840.

59. Rubin DB. Assignment to treatment group on the basis of a 
covariate. J Educ Behav Stat. 1977;2:1-26.

60. D’Agostino RB. Propensity score methods for bias reduction 
in the comparison of a treatment to a non-randomized control 
group. Stat Med. 1998;17:2265-2281.

61. D’Agostino RB. Propensity scores in cardiovascular research. 
Circulation. 2007;115:2340-2343.

62. Guo S, Fraser MW. Propensity Score Analysis: Statistical 
Methods and Applications. Thousand Oaks, CA: Sage Publica-
tions; 2009.

63. Rosenbaum PR, Rubin DB. The central role of the propensity 
score in observational studies for causal effects. Biometrika. 
1983;70:41-55.

64. Rosenbaum PR, Rubin DB. Reducing bias in observational 
studies using subclassification on the propensity score. J Am 
Stat Assoc. 1984;79:516-524.

65. Rubin DB. Using propensity scores to help design observa-
tional studies: application to the tobacco litigation. Health Serv 
Outcomes Res Methodol. 2001;2:169-188.

66. Rosenbaum PR, Rubin DB. Constructing a control-group using 
multivariate matched sampling methods that incorporate the 
propensity score. Am Stat. 1985;39:33-38.

67. Rosenbaum P. Observational Studies. 2nd ed. New York, NY: 
Springer-Verlag, Inc; 2010.

68. Shrier I, Platt RW. Reducing bias through directed acyclic 
graphs. BMC Med Res Methodol. 2008;8:70.

69. Taylor EC, Nickel NC, Labbok MH. Implementing the Ten 
Steps for Successful Breastfeeding in hospitals serving low-
wealth patients. Am J Public Health. Published online ahead of 
print October 18, 2012: e1-e7. doi:10.2105/AJPH.2012.300769

70. Li RW, Scanlon KS, Serdula MK. The validity and reliabil-
ity of maternal recall of breastfeeding practice. Nutr Rev. 
2005;63:103-110.

 at University of North Carolina at Chapel Hill on November 30, 2012jhl.sagepub.comDownloaded from 

http://jhl.sagepub.com/

