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Abstract
Identifying modifiable risk factor for exclusive breastfeeding (EBF) interruption is key for improv-

ing child health globally. There is no consensus about the effect of pacifier use on EBF interrup-

tion. Thus, the aim of this systematic review was to investigate the association between pacifier

use and EBF interruption during the first six month. A search of CINAHL, Scopus, Web of Sci-

ence, LILACS and Medline; from inception through 30 December 2014 without restriction of lan-

guage yielded 1,866 publications (PROSPERO protocol CRD42014014527). Predetermined

inclusion/exclusion criteria peer reviewed yielded 46 studies: two clinical trials, 20 longitudinal,

and 24 cross‐sectional studies. Meta‐analysis was performed and meta‐regression explored het-

erogeneity across studies. The pooled effect of the association between pacifier use and EBF

interruption was 2.48 OR (95% CI = 2.16–2.85). Heterogeneity was explained by the study

design (40.2%), followed by differences in the measurement and categorization of pacifier use,

the methodological quality of the studies and the socio‐economic context. Two RCT's with very

limited external validity found a null association, but 44 observational studies, including 20 pro-

spective cohort studies, did find a consistent association between pacifier use and risk of EBF

interruption (OR = 2.28; 95% CI = 1.78–2.93). Our findings support the current WHO recom-

mendation on pacifier use as it focuses on the risk of poor breastfeeding outcomes as a result

of pacifier use. Future studies that take into account the risks and benefits of pacifier use are

needed to clarify this recommendation.
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1 | INTRODUCTION

The recommendation of the World Health Organization (WHO) is that

exclusive breastfeeding (EBF) should be practiced until the sixth month

of life of the infant because it prevents child mortality and promotes

quality of life in the short and long‐term (Victora, Aluísio, Barros,

França, et al., 2016; Grummer‐Strawn & Rollins, 2015; Sankar et al.,

2015; Horta, Loret de Mola, & Victora, 2015; Lodge et al., 2015; Peres,

Cascaes, Nascimento, & Victora, 2015; Horta, Bahl, Martines, &

Victora, 2013). Unfortunately, EBF duration remains substantially

lower around the world (Labbok, Wardlaw, Blanc, Clark, & Terreri,

2006; Cai, Wardlaw, & Brown, 2012; Victora et al., 2016) making the

identification of modifiable risk factors for lack of EBF a high priority.

Pacifier use has been identified as a factor associated with shorter

duration of EBF in observational studies (Vogel, Hutchison, & Mitchell,
wileyonlinelibrary.c
2001; Hörnell, Aarts, Kylberg, Hofvander, & Gebre‐Medhin, 1999;

Victora, Behague, Barros, Olinto, & Weiderpass, 1997). A recent

cross‐sectional analysis conducted with data from two Brazilian sur-

veys showed that pacifier use was inversely associated with EBF rates

with this association remaining stable across time (Buccini, Perez‐

Escamilla, & Venancio, 2016). However, because of potential

confounding it is unknown if this relationship is indeed causal (Fein,

2009; Cunha, Leite, & Machado, 2009). While researchers have

suggested that pacifier use might interfere with the establishment

breastfeeding (Neifert, Lawrence, & Seacat, 1995; Righard, 1998;

Kronborg & Vaeth, 2009) others have suggested that pacifier use is

simply a marker of breastfeeding problems (Victora et al., 1997;

Kramer et al., 2001). Consequently, the recommendations for pacifier

use vary worldwide (Eidelman et al., 2012; Sexton & Natale, 2009;

World Health Organization [WHO], 2008; Canadian Paediatric Society
© 2016 John Wiley & Sons Ltdom/journal/mcn 1
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Community Paediatrics Committee, 2003). WHO strongly discour-

ages the use of pacifiers in breastfed children (World Health Organi-

zation [WHO], 2008), with this recommendation being one of the

Ten Steps to Successful Breastfeeding upon which the Baby‐Friendly

Hospital Initiative is based (Perez‐Escamilla, Martinez, & Segura‐

Perez, 2016; Passanha, Benicio, Venancio, & Reis, 2015; DiGirolamo,

Grummer‐Strawn, & Fein, 2008). On the other hand, the American

Academy of Pediatrics recommends using pacifiers to prevent sudden

infant death syndrome (SIDS) and there is a general recommendation

that pacifiers can be introduced after breastfeeding is well

established, at approximately 3 to 4 weeks of age (Eidelman et al.,

2012). Accordingly, it has been a challenge for health professionals

and parents to have a clear understanding of what to recommend

or do in different contexts (e.g., a newborn at high risk of SIDS vs.

a mom who is very concerned about following practices that may

interfere with EBF).

Systematic reviews (O'Connor, Tanabe, Siadaty, & Hauck, 2009;

Santos Neto, Oliveira, Zandonade, & Molina, 2008) and meta‐analyzes

(Jaafar, Jahanfar, Angolkar, & Ho, 2012; Karabulut, Yalçin, Ozdemir‐

Geyik, & Karaağaoğlu, 2009) examining the relationship between pac-

ifier use and breastfeeding outcomes have found conflicting results.

While reviews based on observational studies have concluded that

pacifier use is a risk factor for a reduction in EBF duration (Santos Neto

et al., 2008; Karabulut et al., 2009), those that have focused only on

RCTs have reported no differences on the duration of EBF as a result

of pacifier's interventions (O'Connor et al. 2009; Jaafar et al., 2012).

Furthermore, the search and selection criteria used vary greatly across

reviews, that is, very strict inclusion criteria leading to the inclusion of

just two studies (Jaffar et al. 2012), date restriction (Santos Neto et al.,

2008; O'Connor et al., 2009) or language restriction (O'Connor et al.,

2009; Karabulut et al., 2009). These methodological variations across

reviews call for a more comprehensive review approach that allows

for capturing the whole body of evidence. Specifically, it's important

to assess both observational and experimental studies without impos-

ing date or language restriction. New reviews in this area also need to

address effect modification related to study design characteristics (e.g.,

observational vs. experimental design, sample size, study socio‐eco-

nomic setting, outcome and exposure measures, and study quality).

Therefore, in order to support clinical practice and provide evidence

for policies to promote and protect breastfeeding, this study aimed
Key Messages

• Pacifier use may be a risk factor for the premature interruption o

this hazard.

• Mothers should be taught techniques to soothe their babies that

• Well‐designed prospective cohort studies in diverse socio‐econom

pacifier use is simply a marker of either breastfeeding difficulties

• Qualitative studies are needed to gain an in‐depth understanding

populations.

• Pacifier use recommendations need to be based on a benefit–r

breastfeeding outcomes and SIDS.
to perform a comprehensive systematic literature review and meta‐

analysis to investigate the association between pacifier use and EBF

interruption in infants less than 6 months of life, taking into account

study design heterogeneity across studies.
2 | METHOD

The protocol of this systematic review was registered on the

PROSPERO registry prior to starting the literature search

(CRD42014014527).
2.1 | Inclusion and exclusion criteria

We included observational and experimental studies that evaluated

the association between pacifier use and EBF interruption in infants

younger than 6 months.

Our systematic review and meta‐analysis followed the guidance of

the Preferred Reporting Items for Systematic Reviews andMeta‐Analy-

ses (PRISMA) (Moher et al., 2009). We excluded studies that: (a) were

not quantitative including review articles (systematic or not) and letters

to the editor; (b) includedpremature babies or newbornswith congenital

anomalies; (c) combined pacifiers and bottle nipples in the same cate-

gory; (d) did not report a statistical parameter documenting the size of

the association between pacifier use and EBF interruption and lacked

data to estimate the effect size of association. In the case that a study

used the same sample for data analysis in different publications, we

selected the study that provided themost detail pertinent to this review.
2.2 | Exposure/intervention: Pacifier use

The key exposure was pacifier use defined as use versus non‐use in

infants less than 6 months of age (<6 months).
2.3 | Outcomes: Interruption of exclusive
breastfeeding

We combined all studies that provided information about EBF inter-

ruption during the first 6 months of life, without any further age

restrictions. EBF was defined as the infant receiving only breast milk

(including expressed breast milk or breast milk from a wet nurse)
f exclusive breastfeeding (EBF). Mothers should be advised about

do not involve the use of pacifiers

ic and cultural settings are needed to rule out the possibility that

or maternal motivation to EBF interruption.

of the reasons behind the introduction of pacifier use in diverse

isk approach focusing on the trade‐off between pacifier‐related
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allowing the infant to receive oral rehydration solutions (ORS), drops,

syrups (vitamins, minerals, and medicines), but nothing else (WHO

2008).
2.4 | Search strategy

We searched published literature with the following databases:

CINAHL, SCOPUS, Web of Science, LILACS and MEDLINE without

language restrictions and from inception through 30 December 2014.

The search terms used were: pacifier use, EBF, epidemiology,

cross‐sectional, cohort, case–control, and trials. Descriptors for these

terms were identified in English and Portuguese from the Medical Sub-

ject Headings (MeSH) terms. Each MeSH term found, as well as its syn-

onyms and variations were applied individually in the search to test the

sensitivity of each term. This information was used to finalize the

search strategy that was used with each database (Table S1). After

excluding the duplicates, additional manual searches of the references'

lists of the systematic reviews identified (Jaafar et al., 2012; O'Connor

et al., 2009; Karabulut et al., 2009; Santos Neto et al., 2008) were

performed to identify papers that might fulfill the inclusion criteria

and that were not identified in the electronic databases.
2.5 | Study selection

Three review authors (GSB, LMP, and CLA) that were previously stan-

dardized against each other (Kappa = agreement of 90%); screened the

titles and abstracts independently to identify potentially relevant cita-

tions. The full texts of all potentially relevant articles were retrieve and

independently assessed for eligibility using the predefined inclusion
TABLE 1 Covariates identified in adjusted models across studies of assoc

Category group (number of
covariates)

(a) Mother and family characteristics
(n = 18)

Maternal education; mater
maternal emotional distr
smoking habits or alcoh
occupation of father; fat
stay at the daycare; fam
grandmother; maternal o

(b) Pregnancy and childbirth factors
(n = 6)

Type of delivery, cesarean
prenatal visits; quality o

(b) Infant characteristics (n = 7)

Infant's age; birth weight;
care/ICU or hospitalizat
gestational age at birth

(c) Breastfeeding technique and family
support (n = 11)

Limiting the number of fee
than six hours; use of fo
breastfeeding technique
to breastfeed, maternal
time of maternal decisio
father's support and/or
mother did not breast fe
Mother have plenty of m
prior experience with br

(d) Breastfeeding assistance (n = 13)

Birth in Baby‐Friendly Hos
or other liquid in the ho
pediatrician trained in b
mother and baby at diff
the first hour, skin‐to‐sk
breastfeeding managem
at home; conflicting guid
and exclusion criteria defined above. Any disagreements were solved

through a consensus process and, if necessary, by consulting the

fourth reviewer with expertise in the area (SIV).
2.6 | Assessment of study characteristics and data
extraction

The information extracted from each study using a standardized proto-

col included: study reference (author/year of publication); country/

year of study; study design, study quality score; sample size; study out-

come (EBF interruption); classification and measurement of exposure

(pacifier use), prevalence of EBF interruption; prevalence of pacifier

use; OR effect size measure with respective 95% confidence interval

(adjusted or crude).

We also identified the covariates included in adjusted models

across studies. We quantified how many times each covariate was

adjusted for and how many times it was significantly associated with

EBF interruption across applicable studies. Then covariates were

grouped into the following categories: (a) Mother and family character-

istics; (b) Pregnancy and childbirth factors; (c) infant characteristics; (d)

breastfeeding technique and family support; (e) breastfeeding assis-

tance. This information was used to identify which covariates are more

likely to mediate the relationship between pacifier use and EBF inter-

ruption. Table 1 shows the list of specific covariates by group category.
2.7 | Quality assessment of studies

Bias risk was assessed with a modified version of the Effective Public

Health Practice Project Quality Assessment Tool (EPHPP) (http://
iation between pacifier use on the interruption of EBF

Covariates

nal age; mother's occupation or job status; maternal race;
ess; parity, had a child under 5 years; mother's BMI; maternal
ol use; maternal marital status; father's age; working status or
her's education; father smoking habits; area of residence; infant
ily income, social class; cohabitation with maternal/paternal
ral contraceptive use.

planned; multiple births; if the pregnancy was planned; number of
f prenatal care; gestational age when mother started prenatal care.

sex of the baby; baby's behavior to feed; baby needed special
ion in the first months; weight gain during the follow‐up;
or prematurity.

dings at night/Breastfeeding during the night/ child sleeps more
rmula (after hospital discharge); presence of nipple cracked;
(maternal complaint/latch/positioning); maternal prior intention
review of the optimal duration of exclusive breastfeeding, length
n on how to feed the child; breastfeeding pre‐established schedules;
family's support; maternal grandmother did not have breastfed,
d, feeding preference of the grandmother; introduction of solid foods;
ilk supply; bed shared or sleep separately from parents; knowledge or
eastfeeding; pacifier use after the second week of life

pital; rooming in; pacifier use in the hospital; use formula, supplemental
spital; type of health service in follow‐up (health center with team or
reastfeeding); place where gets immunization; hospital discharge of the
erent times; length of hospital stay; first feed the baby; breastfeeding in
in contact, early initiation of breastfeeding; to receive a counseling and
ent in the hospital; to receive medical visit at home, to receive nurse visit
elines for health professionals

http://www.ephpp.ca/tools.html
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www.ephpp.ca/tools.html) (Armijo‐Olivo, Stiles, Hagen, Biondo, &

Cummings, 2012). The following six items were classified as either

“strong”, “moderate”, or “weak”: (a) selection bias; (b) study design; (c)

confounding factors; (d) blinding; (e) data collection methods, and (f)

withdrawals and dropouts. Blinding was assessed only in the RCTs

included and follow‐up attrition did not apply to cross‐sectional stud-

ies. Regarding “study design”, cross‐sectional studies had lower initial

scores than cohort studies and RCTs, due to their inherent limitations

in relation to the establishment of temporality between exposure var-

iable and the outcome. Study quality could then be upgraded or

downgraded based on the internal validity of the studies. The articles

were classified according to the final score of EPHPP as strong if none

of the quality items were weak; moderate if one of the six items was

classified as weak; and weak, for studies with more than one item iden-

tified as such.

2.8 | Data analysis

2.8.1 | Effect size measure

Effect measures were presented as pooled odds ratios. For studies that

summarized the effect size with estimators other than ORs whenever

possible, we converted the estimators to ORs as recommended by

Deeks, Altman, and Bradburn (2001). For those that were not possible

to convert because the necessary information was not provided, we

were able to contact and receive the needed information for three

studies (Warkentin, Viana, Zapana, & Taddei, 2012; Warkentin, Taddei,

Viana, & Colugnati, 2013; Merten, Dratva, & Ackermann‐Liebrich,

2005). Thus, supplementary information was received that enabled

the calculation of the OR. For one study, we had to use the RR as a

proxy for the OR (Chaves, Lamounier, & César, 2007). Where adjusted

estimators where available, they were included; otherwise, crude esti-

mators were considered.

When studies presented two or more infant age categories for

EBF interruption, the findings with the EBFmeasure closer to 6 months

was considered for comparison in the meta‐analysis because the

objective was to evaluate the outcome closer to the WHO recommen-

dation for EBF (WHO 2008). With regards to pacifier use status, we

included the findings from the earlier infant age measure based on bio-

logical plausibility considerations (Kronborg & Vaeth, 2009; Righard

et al. 1998; Neifert et al., 1995) (i.e., if the study examined the associ-

ation between EBF interruption with pacifier use at both 2 week and at

1 month, we included only the findings for pacifier use at 2 week).

2.8.2 | Meta‐analysis

A meta‐analysis was performed by type of design of epidemiological

studies (randomized clinical trial, prospective cohort, and cross‐sec-

tional). We examined the impact of heterogeneity using a measure of

the degree of inconsistency in the studies' results (I2 statistic) and by

its significance (p < 0.05) using a random‐effects model (Deeks et al.,

2001). Funnel plots and Egger's test were used to evaluate the pres-

ence of publication bias (Sterne, Egger, & Smith, 2001).

Due to high heterogeneity across studies identified in the meta‐

analysis (I2 > 75%) meta‐regression was conducted (Higgins & Thomp-

son, 2002; Higgins, Thompson, Deeks, & Altman, 2003). Meta‐regres-

sion was specifically used to evaluate the contribution of study
characteristics to the between‐study variability (Berkley, Hoaglin,

Mosteller, & Colditz, 1995). Study characteristic tested were: Study

design (RCT, longitudinal, and cross‐sectional); Sample size (≤300,

301–1000, >1000); Age of exposure measurement (pacifier) (use

among infants: before the second week/hospital discharge, before

sixth week, 2–4 month, under 4 or 6 month); Age of outcome measure-

ment (EBF interruption) (among infants: hospital discharge, before the

sixth week, between 2 and 4 month under 4 or 6 month); Setting (High

income country/multicentric and Middle−/Low‐income country), Pub-

lication language (English, Portuguese, other), Effect size (adjusted and

crude); Study quality score (Strong, Moderate, and Weak); Publication

year, dichotomized into before (≤2009) and after (>2009) the publica-

tion of the previous reviews and meta‐analyses. Each methodological

characteristic was included as a covariate in the meta‐regression and

the percentage of heterogeneity explained by each was calculated

(Sterne et al., 2001). All analyzes were conducted using Stata version

14.1 (Stata Corp., College Station, TX, USA).
3 | RESULTS

Initially, we identified 1,866 publications in the databases searched

electronically, of which 374 were duplicates. The manual screening

of the references of the systematic reviews identified yielded 11 addi-

tional publications. After screening the title and abstracts of the

remaining 1,503 publications, 1,302 publications were excluded. Thus,

a total of 201 articles were included for full text reading, and of these

155 articles were excluded resulting in the inclusion of 46 articles in

the systematic review (Figure 1).

Of the 46 papers that met the inclusion criteria, 40 provided infor-

mation for the meta‐analysis. Twelve studies were classified as having

strong quality, 14 moderate quality and 20 weak quality. Figure 2 indi-

cates that only 26.1% of the studies had strong quality. The quality

items examine that had the more weaknesses were study design,

adjusting for confounding factors, and data collection methods

(Figure 2). Almost half of the observational studies used adjusted

models to evaluate the association of interest. A total of 55 different

covariates were adjusted for across studies (Table 1). Maternal and

family characteristics were the covariates used more often in the

adjusted models, especially socioeconomic factors and maternal

smoking. Followed by covariates reflecting breastfeeding behaviors

and intentions, including breastfeeding technique, prior experience

breastfeeding and prior intention to breastfeed.

Table 2 shows the characteristics of the studies included in the

systematic review. Most of the studies were conducted in Brazil (27

out of 46 studies) followed by Italy (3/46) and New Zealand (2/46).

Pacifier use prevalence ranged from 21% (Carrascoza, Possobon Rde,

Ambrosano, Costa Júnior, & Moraes, 2011) to 79.7% (Lindau et al.,

2014) among children under 6 months. The highest pacifier use preva-

lence occurred in studies conducted in Brazil and Italy. Different clas-

sifications for pacifier use were reported, with the most common

being dichotomous (use vs. non use). Other approaches to classify pac-

ifier exposure were based on frequency of use (occasional, frequent,

daily, intense, and partial) (Ford et al., 1994; Nelson et al., 2005; Aarts,

Hörnell, Kylberg, Hofvander, & Gebre‐Medhin, 1999).

http://www.ephpp.ca/tools.html


FIGURE 2 Summary of the risk of bias of the
studies included in the systematic review
based on the checklist Effective Public Health
Practice Project Quality Assessment Tool

FIGURE 1 PRISMA flow diagram. Pacifier use and interruption of exclusive breastfeeding
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It is noteworthy that regardless of the design of the study, there

was no standard infant age at which pacifier use was measured in pro-

spective studies (hospital, second week, 1 month, sixth week, third

month, less than 4 month or 6 month). Most cross‐sectional studies
assessed pacifier use status in the last 24 hr. All studies defined EBF

according to WHO (WHO, 2008). Of the 46 selected studies, only

two were RCTs, 20 were longitudinal and 24 cross‐sectional. The RCTs

(Jenik et al., 2009; Kramer et al., 2001) found no relationship between
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pacifier use and the duration of EBF in the third month of life. Both

included only women highly motivated to breastfeed. Both studies

used different interventions to test the hypothesis that use of pacifier

influences EBF duration. Jenik et al. (2009) randomized participants to

the intervention (pacifier use) or control group. Parents of intervention

group infants were given a pacifier, a type that was not typically used in

the country, and they were advised to start using it only after

breastfeeding had been established and the baby was gaining weight

at 15 days. By contrast, Kramer et al. (2001) randomly assigned partic-

ipants to avoiding using pacifiers (intervention group) or to the control

group. The intervention group was explained the pros and cons of pac-

ifier use and discussed strategies to soothe the baby without using a
FIGURE 3 Random effects of meta‐analysis of studies evaluating the asso
pacifier. Although the intervention led to a reduction in pacifier use or

prevented the early introduction of it, the intervention was not associ-

ated with EBF duration.

Findings were mixed across study designs (Figure 3). The OR sum-

marizing the pooled random effects for the association between paci-

fier use and interruption of EBF was 2.48 OR (95% CI, 2.16–2.85),

although heterogeneity was high (I2 = 88.8%). Stratifying results by

study design showed that the pooled random effects OR for RCTs

was 1.6 (95% CI, 0.82–1.37), for longitudinal studies it was 2.28

(95% CI, 1.78–2.93) and for cross‐sectional studies it was 2.78 (95%

CI, 2.44–3.15). Heterogeneity was high among observational studies

but not among RCTs (Figure 3).
ciation between pacifier use and EBF interruption
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Egger's test suggests the absence of publication bias (p = 0.958).

However, the asymmetrical plot observed in the funnel plot (Figure 4)

may be due to low methodological quality of small studies and can indi-

cate others sources of heterogeneity of smaller studies (Sterne et al.,

2001).

In the subgroup analyses, the higher pooled effects were

observed in observational versus RCTs, studies with infants who were

younger at assessment of pacifier use, studies with low methodolog-

ical quality, and studies carried out in middle‐ and low‐income coun-

tries (Table 3).

Meta‐regressions showed that the study design contributed

40.2% of the global heterogeneity. Others study characteristics

such as the age of assessment of pacifier use; the age of assess-

ment of EBF interruption; study quality score and setting explained

31.7%, 8.4%, 5.3%, and 2.8% of the global heterogeneity,

respectively.
4 | DISCUSSION

We found a positive association between pacifier use and EBF inter-

ruption in observational studies (longitudinal and cross‐sectional) and

no association in the RCTs, which were of strong quality but had very

limited external validity. Previous systematic reviews (O'Connor et al.,

2009; Santos Neto et al., 2008) and meta‐analyzes (Jaafar et al., 2012;

Karabulut et al., 2009) examining the influence of pacifier use in

breastfeeding outcomes were published between 2008 and 2009;

despite divergences in the search and selection criteria and possible

bias inherent in each of them, collectively both reviews and meta‐ana-

lyzes found results consistent with our review.

Our meta‐analysis and meta‐regression quantified for the first

time the high level of heterogeneity across studies examining the asso-

ciation between pacifier use and EBF. This heterogeneity was

explained mainly by the study design, sample size, and socio‐economic

setting as well as differences in the infants' age of assessment of pac-

ifier use and a lack of a standard definition of “pacifier use” (i.e., age of

introduction, frequency, and intensity of use).
FIGURE 4 Funnel plot estimates from studies evaluating pacifier use
and interruption of EBF versus the standard error of measurement
by study design
Strengths and weaknesses inherent to designs of the studies, such

as, randomization and bias risk should be considered for determining the

internal and external validity and thus the likelihood for a causal rela-

tionship between pacifier use and early interruption of EBF. The impact

on EBF may vary accordingly to the effectiveness of implementation of

the pacifier use intervention. Both RCTs found that compliancewith the

pacifier use or avoidance intervention was low, so the impact of the

intervention on EBF might have been strongly diluted especially when

using intent‐to‐treat analyses. To address this issue, observational anal-

yses of RCTs have been recommended (Victora, Habicht, & Bryce,

2004). Indeed, when pooling the data from both the intervention and

control groups, Kramer et al. (2001) found an association between pac-

ifier use and EBF interruption. Besides, both RCTs included onlywomen

who were highly motivated to breastfeed (Kramer et al., 2001; Jenik

et al., 2009) and one of them also had as inclusion criteria for

breastfeeding to be established and for the infant to be gaining weight

at 15 days of life before recommending the introduction of the pacifier

(Jenik et al., 2009). This may explain why in our meta‐analysis, the RCTs

provided an indication of minimal effect, or no effect, while observa-

tional studies provided an estimate of the maximal effect (Black,

1996). Indeed, the literature has shown thatwomen's lack of motivation

or intention to breastfeed (Victora et al., 1997; Chaves et al., 2007; Nel-

son et al., 2005; Mikiel‐Kostyra, Mazur, & Wojdan‐Godek, 2005; Xu

et al., 2007; Boccolini, Carvalho, & Oliveira, 2015) as well as the initial

difficulties in breastfeeding (Victora et al., 1997; Carvalhaes, Parada, &

Costa, 2007; Kronborg & Vaeth, 2009; Espirito‐Santo, de Oliveira, &

Giugliani, 2007; Boccolini et al., 2015) are strong predictor of EBF inter-

ruption. These predictors can also determine both the likelihood of

introduction of pacifiers as the patterns of their use (daily, partial, and

intense) (Victora et al., 1997; Kramer et al., 2001; Aarts et al., 1999).

Thus, despite their relatively stronger internal validity, RCTs can have

major external validity limitations (Black, 1996; Victora et al., 2004),

preventing the extrapolation of findings from RCT's to the general pop-

ulation, that is, women who are less motivated to breastfeed or to the

context when the pacifier is introduced before breastfeeding is

established as mentioned by Jenik et al. (2009).

A possible advantage of the prospective studies reviewed

(vs. RCT's and cross‐sectional) is that the influence of age of introduc-

tion of pacifiers (Aarts et al., 1999) as well as pacifier use pattern (e.g.,

frequent user, often user, and occasional user) (Aarts et al., 1999) on

breastfeeding behaviors can be investigated. Although these analyses

could be key to better understand the relationship between pacifier

use and EBF interruption most prospective studies reviewed did not

conduct them. This is relevant for understanding if and how age of

introduction of pacifiers and their pattern of use mediate or modify

the relationship between pacifier use and EBF interruption (Vogel

et al., 2001; Kronborg & Vaeth, 2009; Buccini et al., 2016, Howard

et al., 1999). A possible strategy for better standardizing studies in this

area is to categorize pacifier use as dichotomous based on its introduc-

tion before the second week or not (Kronborg & Vaeth, 2009; Lindau

et al., 2014; Xu et al., 2007; Ingram, Johnson, & Greenwood, 2002),

or use in the first month (Espirito‐Santo et al., 2007; Giovannini

et al., 2004, Aarts et al., 1999; Barros et al., 1995; Riva et al., 1999)

by the time breastfeeding is more likely to be established. This study

design standardization attempt may be highly relevant as our review



TABLE 3 Univariate meta‐regression and pooled odds ratio estimates of association between pacifier use on the interruption of EBF based on 40
studies

n* Pooled OR (CI 95%) Meta‐regression

p‐value† % Explained heterogeneity‡

Study design

RCT 2 1.06 (0.82–1.36) index 40.2

Longitudinal 14 2.28 (1.78–2.93) 0.025

Cross‐sectional 24 2.78 (2.44–3.15) 0.003

Sample size

>1000 15 2.30(1.83–2.88) index 1.5

301–1000 15 2.96 (2.46–3.55) 0.116

≤ 300 10 2.18(1.47–3.22) 0.001

Exposure measurement (pacifier)

Use among children under 4 or 6 months 24 2.62 (2.30 ‐ 2.99) index 31.7

Use of 2–4 months 8 2.10 (1.30–3.40) 0.183

Use before 6th week 5 2.05 (1.47–2.86) 0.221

Use before the second week / hospital discharge 3 3.27(1.90–5.64) 0.414

Outcome measurement (EBF interruption)

Among those younger than 4 or 6 months 25 2.54 (2.17–2.97) index 8.4

Between 2 and 4 months 11 2.35(1.59–3.46) 0.593

Before the 6 week 3 1.90 (1.39–2.60) 0.303

Hospital discharge 1 4.97 (3.83–6.45) 0.134

Setting

High income country/multicentric 12 1.93 (1.50–2.48) index 2.8

Middle−/Low‐income country 28 2.79 (2.37–3.29) 0.020

Publication year

≤2009 22 2.57 (2.15–3.08) index 0.04

>2009 18 2.36 (1.89–2.95) 0.567

Publication language

English 17 2.25 (1.82–2.77) index −2.5

Portuguese 22 2.66 (2.21–3.21) 0.275

Other 1 4.07(1.58–10.49) 0.383

Effect size

Adjusted 17 2.50 (2.06–3.03) index −11.0

Crude 23 2.45 (1.99–2.99) 0.812

Quality score

Strong 7 2.25 (1.40–3.61) index 5.3

Moderate 13 2.19 (1.69–2.83) 0.966

Weak 20 2.77 (2.34–3.28) 0.230

Total 40 2.48 (2.16–2.85)

*number of studies;
†p‐value of the meta‐regression;
‡R2 adj (proportion of variance between studies)
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found that pacifier use definition and infant age at which it was

assessed – was the second characteristic that best explained the het-

erogeneity across studies included in the meta‐analysis. Whereas anal-

yses from prospective studies can be adjusted for wide variation in

potential confounders, RCT's are designed to equalize confounders

between groups at baseline, once again, limiting their external validity

(Victora et al., 2004).

An important question that our review raises is: Which would be

the best study design to further test and explain the complexity of

the relationship between pacifier use and the EBF interruption? This
question is not simple to answer as it involves not just measuring

and understanding biological but also behavioral pathways (Grimes &

Schulz, 2002). In this case, the causal pathway can happen at least

through three paths: (a) pacifier introduction leading to EBF interrup-

tion where the effect of pacifier use and the pattern of use (frequency

and intensity) can lead to “nipple confusion” (Neifert et al., 1995;

Righard et al. 1998); (b) EBF interruption or breastfeeding problems

leading to pacifier introduction (i.e., reverse causality meaning that

breastfeeding problems or interruption leads to the introduction of

pacifier rather than the reverse); where pacifier use could be a marker
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of breastfeeding difficulties or reduced motivation to breastfeed (i.e.,

both pacifier introduction and interruption of EBF based on maternal

preference) (Victora et al., 1997; Kramer et al., 2001) ; (c) mothers

(families) who follow the recommendation of avoiding pacifier may

also try to follow other recommendations to breastfeed exclusively

for longer such as breastfeeding on demand (Feldens, Ardenghi, Cruz,

Scalco, & Vitolo, 2013).

Prospective studies that evaluated the effect of very early pacifier

use on later breastfeeding outcomes (DiGirolamo et al., 2008; Soares

et al., 2003; Howard et al., 2003; Vogel et al., 2001; Hörnell et al.,

1999; Victora et al., 1997) as well as the studies that separated the

effects of early breastfeeding problems from the effects of pacifier

use (Kronborg & Vaeth, 2009) support conducting further research

to find out if the associations between pacifier use and poor

breastfeeding outcomes is causal or not. Future studies need to take

into account in their designs ways to deal with the possibility of

reverse causality (Grimes & Schulz, 2002). For example, Vogel et al.

(2001) found in a prospective longitudinal study that in almost all

cases, the pacifier was introduced prior to complete weaning from

breast milk, and not the other way around. Also, cohort studies need

to carefully measure the level of motivation that mothers have to

breastfeed and the way they use the pacifier. Ultimately, better‐

designed prospective cohort studies and RCT's are needed to confirm

or refute the hypothesis that pacifier use increases the risk of the pre-

mature discontinuation of EBF.

Crude and adjusted ORs were not significantly different, probably

because of the wide variety of covariates used across the included

studies. However, based on our heterogeneity analyses, we recom-

mend for future observational studies to apply multivariable analyses

that adjust for and test for effect modification by maternal age and

education, intention to breastfeed during pregnancy, onset and nature

of breastfeeding difficulties, and family support (Victora et al., 2016;

Boccolini e al. 2015; Buccini, Benício, & Venancio, 2014). Furthermore,

future studies in this area should standardize the age at which pacifier

use is assessed and also provide a clear definition of “pacifier use”

including age of introduction, frequency, and intensity of use. Because

the level of economic development of the countries modified the rela-

tionship between pacifier use and EBF it's strongly recommended to

conduct studies in this area in different world regions using the stan-

dard methodologies recommended above.

This meta‐analysis should be interpreted considering some possi-

ble limitations. First, all systematic reviews and meta‐analyses are sub-

ject to publication bias. In order to minimize this limitation, this study

was based on a comprehensive and sensitive search. Studies were

included regardless of methodological quality and the electronic search

strategy was supplemented by a manual search of studies. In addition,

we tested formally for publication bias and did not find it. Second, to

minimize selection bias the protocol for this systematic review was

registered a priori (CRD42014014527 PROSPERO). Third, there was

strong statistical heterogeneity across studies as it was expected

because we included studies with different methodologies as well as

different definitions for pacifier use (intervention or exposure). To

address the high level of heterogeneity, we used the random effect

option for summarizing the effect size of the association. Also, one of

the RCT's included (Jenik et al., 2009) is likely to have a conflict of
interest related to the funding source (Di Mario, Cattaneo, Basevi, &

Magrini, 2011). Because all these potential limitations were taken into

account in the design of this systematic review and meta‐analysis, we

conclude that our systematic review findings are indeed robust.

In view of the available evidence, given the limitations of the RCT's

included, it can be concluded that despite the lack of association found

in the RCT's, observational studies strongly suggest that pacifier use

may be a risk factor for the premature discontinuation of EBF. A recent

robust Brazilian study published after the search was completed sup-

ports this conclusion (Buccini et al., 2016). The trade‐off between a

potentially strong benefits that may result from improved

breastfeeding outcomes resulting from reducing pacifier use (Buccini

et al., 2016), as well as the protection of EBF against SIDS (Hauck,

Thompson, Tanabe, Moon, & Vennemann, 2011) vis‐à‐vis the possible

protection of pacifiers against SIDS (Hauck, Omojokun, & Siadaty,

2005), should be considered when making recommendations about

pacifier use and EBF practices on a large‐scale. The current WHO rec-

ommendation on pacifier use is supported by our findings as it focuses

on the risk of poor breastfeeding outcomes as a likely result of pacifier

use. Future benefit–risk analyses studies should examine if the trade‐

off between pacifier‐related breastfeeding outcomes and SIDS justifies

maintaining the current recommendation or if it needs to be expanded

to offer more context‐specific options.
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