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exclusive breastfeeding at 4-8 weeks (RR: 0.86, 95% Cl: 0.70, 1.07) or 6 months (RR:

0.93, 95% Cl: 0.85, 1.0). There was substantial heterogeneity of interventions in terms of
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mode of delivery, intensity, and providers. This demonstrates that remote interventions
can be effective for improving exclusive breastfeeding at 3 months but the certainty of
the evidence is low. Improvements in exclusive breastfeeding at 4-8 weeks and
6 months were only found when studies at high risk of bias were excluded. They are also
less likely to be effective for improving any breastfeeding. Remote provision of breast-
feeding support and education could be provided when it is not possible to provide face-

to-face care.
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1 | INTRODUCTION and developmental outcomes for infants (Bowatte et al., 2015;

Horta & Victora, 2013; Horta et al.,, 2015a, 2015b; Peres
Breastfeeding is a critical public health measure with fundamental et al., 2015; Sankar et al., 2015; Tham et al., 2015) and brings
impacts on short-, medium- and long-term health outcomes for societal and economic benefits (Davanzo et al., 2015; Rollins

women (Chowdhury et al., 2015; Victora et al., 2016), and health et al., 2016).
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Systematic review evidence shows that support interventions are
effective in improving breastfeeding rates (Kim et al, 2018;
McFadden et al., 2017, 2019; Sinha et al., 2015). However, support
tends to have a greater effect in low and middle countries compared
to high income countries (Haroon et al., 2013; Jolly et al., 2012). One
explanation for this is that within high income countries some form of
breastfeeding support is part of routine care and additional support
will not confer additional benefits (Jolly et al., 2012).

Despite the evidence of effectiveness for breastfeeding support,
response to the COVID-19 pandemic disrupted daily life for pregnant
women, new parents, infants and their families, as well as maternity
services and staff. During lockdowns, women and infants are socially
isolated, deprived of direct face-to-face contact with their social
support networks. At the same time, there has been a rapid transition
to providing maternity care remotely to comply with social distancing
recommendations and minimise the spread of the virus. In the UK,
the Royal College of Obstetricians and Gynaecologists (RCOG) and
the Royal College of Midwives (RCM) recommend that maternity
services should maximise the use of remote consultations (RCM &
RCOG, 2020). These social and health system transformations have
significant implications for supporting women to breastfeed.

Moreover, breastfeeding during the pandemic is even more im-
portant (Renfrew et al., 2020). The World Health Organization (WHO)
promotes close contact and breastfeeding for mothers and infants af-
fected by COVID-19 as long as mothers practice respiratory hygiene
(WHO, 2020). To date, there is no evidence that COVID-19 is trans-
mitted in breastmilk and the public health gains of breastfeeding out-
weigh any risks, especially for vulnerable infants (Davanzo et al., 2020;
Lackey et al., 2020; WHO, 2020). Therefore, safe effective support that
enables women to initiate and continue breastfeeding and protects
healthcare practitioners and lay breastfeeding supporters is imperative.

In the context of COVID-19, remote healthcare provision is es-
sential for service users and staff who are shielding because healthcare
settings are perceived as high-risk sources of infection (Greenhalgh
et al., 2020). Remote healthcare provision has the added advantage that
healthcare staff who are self-isolating but well, can contribute to service
provision without putting themselves or their patients at risk
(Greenhalgh et al., 2020). Variously termed telehealth, e-health and
mhealth, remote healthcare provision, including telephone and video
consultations, is not new; however, the speed of change during the
pandemic is unprecedented (Webster, 2020). While evidence of clinical
effectiveness is equivocal, remote healthcare provision does appear to
be acceptable to service users (lgnatowicz et al, 2019; Seuren
et al, 2020). A Cochrane review of health workers experiences of
mobile health technologies in primary healthcare reported that staff
views were mixed depending on the efficiency of the technologies used
and the health workers confidence (Odendaal et al., 2020). Greenhalgh
et al. (2020) suggest that there is considerably more evidence and
guidance for telephone consultations.

However, as the aforementioned systematic reviews considered
breastfeeding support generally (i.e., peer and professional, face-to-face
and remote), there is a need to synthesise evidence via systematic re-

view to understand the effectiveness of interventions provided
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Key messages

e This systematic review investigated the effectiveness of
breastfeeding support interventions provided remotely.

e There was significant heterogeneity in how support in-
terventions and standard care were provided.

e There is low-quality evidence that remotely provided
breastfeeding support significantly reduced the risk of
women stopping exclusive breastfeeding at 3 months
but not at 4-8 weeks or 6 months. There was no sig-
nificant difference in the number of women stopping
any breastfeeding.

e Interventions tended to demonstrate more positive ef-
fects when standard care was limited suggesting remote
support is preferable to no support.

e There was a lack of evidence exploring women's sa-
tisfaction and the impact on maternal mental health.

More research is needed to explore this.

remotely. In addition to examining how remote support impacts
breastfeeding rates it is also important to understand how mothers
perceive remote support and if it is associated with changes in perinatal
mental health indicators. More specifically, we will include maternal
satisfaction with breastfeeding which has been defined as the fulfilment
of maternal wishes, expectations or needs in providing breastfeeding for
her infant and the pleasure derived from this and may hold more im-
portance for women than duration and exclusivity (Edwards, 2018).
Maternal self-efficacy is also positively associated with breastfeeding
duration and exclusivity (Meedya et al., 2010), and can be targeted by
support interventions. Ensuring these key components are assessed
when using remote support strategies serve as a proxy for continued
breastfeeding and are important to measure. Perinatal mental health
indicators encompass the spectrum of mental health indicators (in-
cluding and not limited to adjustment disorders and distress, PTSD, mild
to moderate depressive illness, severe depressive illness, chronic severe
mental illness and postpartum psychosis). Such conditions are associated
with adverse breastfeeding outcomes and women could benefit from
targeted anticipatory guidance and additional support (Dagla
et al, 2021). In addition as evidence demonstrates the benefits of
breastfeeding with reduction in hospitalisations and mortality both in
the UK and worldwide, it is important to understand if remote support
has any impact on these (Payne & Quigley, 2017; Sankar et al., 2015).
Finally, we need to understand to what extent remote support can
potentially replace face-to-face consultations.

The transition to remote breastfeeding support provision is un-
likely to be limited to the context of the COVID-19 pandemic. In the
UK, anecdotal evidence before the pandemic, suggested that face-to-
face breastfeeding support services were being reduced to save
money (Better Breastfeeding, 2018). Support provided remotely may
be more cost-effective than face-to-face support although there is

currently a lack of evidence to support this within healthcare
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generally (Goncalves-Bradley et al., 2020). However, there may be
some advantages to remote breastfeeding support such as improved
accessibility for those living in remote and rural areas (Kapinos
et al., 2019), and improved continuity of care (Friesen et al., 2015). It
is therefore important to understand whether breastfeeding support
provided remotely is effective.

To inform care during and beyond the COVID-19 pandemic, we
conducted a systematic review and meta-analysis to determine the most
effective methods of providing breastfeeding support and education re-
motely to pregnant and breastfeeding women. The objectives of the
review were to determine the effectiveness of different modes of remote
provision of breastfeeding support and education; different providers of
remote breastfeeding support and education; and different timings and
frequencies of remote breastfeeding support and education on breast-
feeding rates and also on the following secondary outcomes: maternal
satisfaction; perinatal mental health indicators; maternal self-efficacy; in-
fant and child morbidity and mortality and number of women requiring
additional face-to-face support.

2 | METHODS

The protocol for this systematic review is registered on PROSPERO
(CRD42020176130).

2.1 | Search strategy

We searched five electronic databases: MEDLINE, CINAHL, MIDIRS,
CENTRAL and EMBASE. Searches were conducted in March 2020 using
a combination of index and free-text terms related to ‘breastfeeding’
AND ‘remote care’ AND trials (for full search strategy see Supporting
Information File S1). No language limit was placed on the search, how-
ever, only studies reported in English were included. Studies published
before 2010 were excluded to ensure the included interventions re-
flected the most up-to-date technologies. We also scanned the reference

lists of all included studies and relevant systematic reviews.

2.2 | Eligibility criteria

2.2.1 | Inclusion criteria

Studies were included if they were individual or cluster-randomised
trials. Studies were eligible for inclusion if they contained the fol-
lowing groups of women: pregnant women intending to breastfeed;
mothers who may initiate breastfeeding; mothers who are breast-
feeding; mothers who ceased breastfeeding who wished to re-start.
This included women who have specific health problems and mothers
of preterm infants or infants requiring additional medical care. Wo-
men who gave birth via Caesarean Section or vaginal birth were in-
cluded. Studies were included if the intervention was also aimed at

fathers and/or other caregivers as well as mothers.
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Interventions were eligible for inclusion if they involved the
provision of breastfeeding support or education provided remotely,
defined as where service users and service-providers are separated
by distance, for example, telephone, text messaging, social media,
video call and e-mail (WHO, 2016). Studies were included if the in-
tervention occurred in the antenatal or postnatal periods alone or in
both the antenatal and postnatal periods. Interventions that also
contained a face-to-face element were only included if this was de-
livered post-partum and before discharge home and was part of usual
care and thus also received by the control group.

Interventions could be offered by health professionals or lay people
or both, trained or untrained. It could be offered to groups of women or
one-to-one and it could be offered proactively by contacting women
directly, or reactively, by waiting for women to get in touch.

‘Support’ interventions eligible for this review could include
elements such as reassurance, praise, information, and the opportu-
nity to discuss and to respond to the mother's questions. Interven-
tions had to be two-way interactions between the supporter and
participant. It could include discussing the practical management of
breastfeeding (e.g., attachment of the infant, identifying an infant's
feeding cues). Education interventions eligible for this review had to
be provided to the mother and may or may not also have included the
father or other caregivers.

The comparator was either standard care, no breastfeeding support,
or education or breastfeeding support provided face-to-face.

To be included studies had to report one of the following primary

outcomes:

1. Number of women who stop exclusive breastfeeding at 4-8
weeks.

Number of women who stop any breastfeeding at 4-8 weeks.
Number of women who stop exclusive breastfeeding at 3 months.
Number of women who stop any breastfeeding at 3 months.

Number of women who stop exclusive breastfeeding at 6 months.

S T o

Number of women who stop any breastfeeding at 6 months.

The outcomes focused on the number of women who stopped
breastfeeding to allow for easier comparison with the Cochrane re-
view on Breastfeeding Support (McFadden et al., 2017).

The following secondary outcomes were also included:

Maternal satisfaction.
Perinatal mental health indicators.
Maternal self-efficacy.

Infant and child morbidity and mortality.

uih LD

Number of women requiring additional face-to-face support.

2.2.2 | Exclusion criteria

Studies were excluded if the intervention was targeted at individuals
or organisations providing breastfeeding support or education and
did not collect data on maternal or infant outcomes.
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Studies that have a face-to-face element beyond providing
support or education before discharge after birth were excluded.
Interventions that provided only one-way information from a care

provider were excluded (e.g., text message reminders).

2.3 | Study selection

Titles, abstracts and potentially relevant full texts were screened
independently by two authors against the eligibility criteria. Any
disagreement was resolved through discussion and consultation with
a third author.

2.4 | Data extraction, risk of bias and strength of
the evidence assessment

Two authors independently extracted information on participants,
intervention, context and outcomes using a specifically designed data
extraction form. Any discrepancies were resolved through discussion.
When information regarding study methods and results was unclear,
we attempted to contact authors to provide further details. Two
authors independently assessed risk of bias for each study using the
criteria outlined in the Cochrane Handbook for systematic reviews of
Interventions (Higgins et al., 2011). We assessed the quality of the
evidence using the GRADE approach (Schiinemann et al., 2013), with
the GRADEpro online programme (https://gradepro.org/).

2.5 | Data analysis and synthesis

Given the pressing need to complete this study in a rapid timeframe
to inform how breastfeeding support can be provided in the Covid-19
situation, primary outcomes were prioritised. Meta-analysis of the
primary outcomes was performed using Review Manager 5 software.
The primary outcomes are presented as summary risk ratios with 95%
confidence intervals. We anticipated heterogeneity between studies
in terms of the interventions and populations, so a random-effects
meta-analysis was used (Deeks et al., 2011).

Where possible we aimed to include all available data for all
randomised patients, in the group to which they were randomised.
We contacted authors regarding any missing data. Where data were
missing, we assumed that the woman had ceased breastfeeding. Thus
the denominator for each outcome in each trial was the number
randomised minus any participants whose outcomes were known to
be missing.

The sample sizes of cluster randomised trials were adjusted using
the intracluster correlation coefficient when possible. If these were
not presented, we contacted authors for this information. Hetero-
geneity was quantified using the I? statistic.

Secondary outcomes are described narratively and used to aid
understanding of the impact of the intervention on primary

outcomes.
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2.5.1 | Cluster randomized trials

Cluster randomized trials were adjusted for clustering using the for-
mula detailed in the Cochrane Handbook (Higgins et al., 2019). First
the design effect was calculated using the following formula:
1+ (average cluster size - 1) xintracluster correlation coefficient
(ICC). The effective sample size for the intervention and control
group was then calculated by dividing the number of participants in

each group by the design effect. All studies reported the ICC.

2.5.2 | Sensitivity analysis

We carried out sensitivity analyses on missing data and trial quality.
For missing data, we excluded studies with high (>20% attrition) or
unclear risk of attrition bias. For quality, we excluded all studies with
high or unclear risk of bias in the allocation concealment domain of
the Cochrane Risk of Bias tool.

2.5.3 | Publication bias

We assessed the risk of publication bias through a visual inspection
of Funnel Plots for each analysis. To assess whether any asymmetry
was a result of publication bias, the effect estimates from the
random-effects model was compared with a fixed-effects model. If
the random effects model was found to increase the effect estimate,
one explanation could be the presence of publication bias (Page
et al,, 2020; Sterne et al., 2011).

3 | RESULTS

3.1 | Identification of studies

The search identified 3188 original records. One further paper was
identified by searching reference lists of included papers and one further
paper was published after the search and identified by searching for
papers related to relevant protocols. On titles and abstracts screening,
3080 papers were excluded. Following review of 110 full texts articles, 61
were excluded. This left 49 papers reporting 29 studies included in this
review (see Figure 1). To facilitate ease of reading we have included only
the primary reference from each study within the manuscript text. The
additional references are detailed in Table S1. Three studies did not report
relevant outcomes or did not present data usable in the meta-analysis
(Demirci et al., 2019; Niela-Vilen et al., 2016; Reeder et al., 2014) and
were therefore not included in the analysis; 26 studies contributed data
to the meta-analysis.

The 29 studies included one cluster randomised trial (Fu et al., 2014),
and 28 individually randomised trials. Twenty-five were 2 arm trials with
4 having 3 arms (Fu et al., 2014; Kamau-Mbuthia et al., 2013; Reeder
et al, 2014; Unger et al., 2018). In 3 of these studies only one inter-
vention arm was relevant and included in this review (Fu et al., 2014,


https://gradepro.org/
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FIGURE 1 Preferred reporting items
for systematic reviews and meta-analysis

flow diagram detailing study selection
(n=3189)

Records identified through
database searching

Additional records identified
through other sources
(n=1)

A 4 A

Records (title/abstract) screened

Records excluded
(n = 3080)

v

(n=3190)

A4

Full-text articles screened

Full-text articles excluded,
with reasons
(n=61)

v

(n =110)

Exclusion reasons: not remote
support/education (n=32); not a RCT (n=17);
not focused on breastfeeding (n=7); aimed at

healthcare professionals (n=2); primary
outcomes not included (n=1); not published
in English (n=1); insufficient information
provided to make judgement (n=1).

Distinct studies included

Records included
(n=49)

Studies included but not
contributing data
(n=3)

A4

(n=29)

-

Studies included and contributing

data to meta-analysis
(n=26)

Kamau-Mbuthia et al., 2013; Unger et al., 2018). In Reeder et al. both
intervention arms were relevant, but data were not presented in a form
that could be included in a meta-analysis. Specifically, Fu et al. had one
intervention arm with an educational intervention delivered solely in
hospital before discharge (excluded) and another with support and edu-
cation provided by telephone (included); Kamau-Mbuthia et al. had one
arm delivered face-to-face peer groups (excluded) and one telephone
support (included); and Unger et al. had one intervention weekly one way
texts and another weekly two way text messaging (two way only

included).

3.2 | Description of included studies

Full detail of included studies and description of interventions and
comparisons is provided in Table 1.

3.2.1 | Participants and settings

A total of 11,470 women from 29 trials (sample sizes ranged from 65
to 1948) and their infants from 17 countries were randomised.
Twenty-three studies were conducted in 12 high-income countries
accounting for 79% of participants (9117 participants). Three studies
were conducted in upper- and 3 in lower-middle income countries
accounting for 6.8% (786) and 13.6% (1567) participants, respec-
tively. No studies were identified that had been conducted in low-
income countries.

Characteristics of participants varied across the studies both for
mothers and infants. Some studies recruited from specific popula-
tions groups, such as adolescent mothers (Di Meglio et al., 2010),
obese mothers (Carlsen et al., 2013), or low income mothers (Efrat
et al, 2015; Hoddinott et al., 2012; Kamau-Mbuthia et al., 2013;
Lewkowitz et al., 2020; Palacios et al., 2018; Patel et al., 2018;



GAVINE ET AL

Wi LEY~I

6 of 23

‘aouepIng uoie3dadxs pue
uoljeAzow 4g 3uiseasdul Joy sjjied auoydals |

S3sSe|d uoljeonpa |eyeuald Suipnjoul
Joddns pue uoljeonpa 4g aulinoy

SJUE}INSU0d

uoljejoe| |eydsoy pue wea} dujeipaed
‘spuaidy ‘Ajl
J13Y30 03 Ssadde SuiAey JO aJed aunoy

“HoHd
Joddns u9ad uoijowoud 49 DM U0 paseg
's9ouUaadxd 4g 1noge 3upjse s|jed sauoyds|a |

‘Buiyole| ‘4g SAISN|IX3 JO S}JaUq
‘UMmop 33| ‘papnjoul 3aam yoes d1doj auQ
'S||e2 auoyda|a3 dn-moj|o) pue 3Jomiau
|e120s uo s3sod Apj@am 99)0oq |euoneanp3

papaau se a2uejsIsse Ym
‘wea) aJ4ed ay3 Aq papiaoid aled Ageq
|eJsuas pue 4g Inoge ‘9dueping auinoy

pIlYys pue
Jayjow jo 3ulaqg-[|om pue 4g Suiptedal
syoadse |ea18ojoydAsd pue [edisAyd jnoge
suoiysanb 3upjse Joy udisap painionis

e 3UIMO||0J SIDIAIDS AJOSIApE duoyda|a]

wnjed}sod »aam 3s41) 9y}

UILIIM 9JIMPIW € 10 JONSIA 2Jedylesy

e y)m 3oejuod pey syuedidiped ||y

‘lexdsoy ay3 Aq ‘dnoud |0J3u0d ay3 ul
usawom o} ‘papinoid Juoddns 4g pJepuels

‘swia|qo.d sisyjow
1N0oge wea) YoJeasal ay) palsle walsAs
ay] ‘sAep Qg 1ses| e 1oj swajqoid Aue pue
‘siadeip AJIp pue 3am s3juejul ‘ejep 49
J19Y] JS1US 0} PaYSe SISYIO|A '9SNn 0 Moy
paule|dxa pue a8ieydsip [ejdsoy 24049q
wa1sAs 3uliojiuow 4g aAIdEIIUI YUM
uojjedijdde Ja3ndwod 03 $S923€ UBAIS SISYIOA

‘'swa|qoad

49 Aue yum 1sijedads uoijelde| ayl

10B3U0D 0} pPaSeInodua OS|e S32IN0SaI

49 Ajunwwod Jo 3s1| e pue ‘981eydsip

[eidsoy 193Je %99M 3511 By} UIYIM

||e2 auoyd suo ‘@3.4eydsip alojaq
uojjeonpa pue poddns 4g—aled |ensn

S¥oaM ¢ pue T je
S|lewa pue s3aam g e [|ed auoyd JISIA
|eydsoy e paal@dal sajdno) "qAQd pue
9}ISGIM YOO IOM ‘}9[00( ‘UOISSNISIP
[endsoy ul elA uoijewojul 49 Yim
papiaoad sajdno) ‘uonuaAialul 3uijussed-0)

‘Ajlunwwod ayy ul 3y3nos
A[oA1oe0Id Sem ey aduelsisse 49q
Aue pue poddns 4g |eydsoy-ul piepuels

uosiiedwod jo uopndidsag uonuaAIUl Jo uondiasag

Z10Z AINf-110Z AInf
swue g - 1Y [9lleled

'S}0BU0D Nd /T pue [ejeuaid 4 ‘s|jed siayjow

auoyd pue SINS SU0-031-2U0 Nd pue Ny DluedsiH awodul Mo

S¥99M JNoJ ueyl aJow pajisealq
pue swweli3oid Joddns 4g an3esa
9237 e joouapun oym siapioddns
19ad Aq papinoad sAep g/Aep Alans

s||ed auoyda|a} USASS 3U0-03-3U0 Nd

pajiodas JoN
swie g 1Dy |9jeted

0ot/8¢
sJayjow Juadsajopy

sysiuonINu Aq papiroad

sem Sujuled] ‘siossajoid 3uisiaiadns
pue ‘suedLjeipaed ‘siuoijiiinu
‘s951n02 ASojoydAsd pue 3iom

|e10s ‘3uisinu ‘uoilINu JO diwspede
Aq papinoud ‘wnyedisod syiuow 9
03 dn smalAIul suoyd Ajyjuow yum
APoam 4g uo sjsod pajepdn wea]
*dnoJg3 >J0M]aU [B1D0S BUljUO Paso|d

PUE 33P00q [BUOIIEINPS ‘SUO 0} 3UO Nd 8¢1/€eCt suue ¢ 10y [9][esed

s210dl Aq

papinoad (papaau Ji $10e3U02 |euoljippe

UHM Jajeasayy Ajyauow ‘wnisedisod

S}99M @ |I3UN 99M puU0IIS

AJ9AS UBY) pue Yyuow sl Y3 Ul €)

Syjuow 9 3sJ14 Y3 SuINp SUO|3L}NSU0D
6 4O WNWIUIW ‘9U0-03-3U0 Nd

8T1/80T
0€ <1INg

uswom 3saqQO swJie z 10y [9]esed

'SISIJUDIDS UDIeasal pue isijel
uoieyoe Aq papiroid sawodno 4g
Uo uo[1edNpPa paJojie Yum Suliopuow

49 PSSeq-gam Suljuo sAdeISIUl Nd LS/6% swie z 12y [9]|eded
1slje1dads uolieloe)
AQ € pue T 393\ e s|jlews pue
S)99M ¢ 1€ ||ed suoyds|ay aAiioddns 2102 AInf-yauep
Aq pamoj|o} ‘uoissndsip [endsoy ul Nd £L0T/L0T swie z 1209 [9]|esed

|043U0D/UOIJUBAISIUL
pasiwopuel
Jaquinu sjuedidied

uonudAISIUL
3y} papinoad oym pue Aduanbaiy ‘Opoy

uosiledwod pue UO[IUSAISIU] JO UOIRAIIDSIP pue S3IpNIs Papn|dul JO SdlIslS3deIeyD)

Apnis
Jo Jeak usisap Apnis

vsn
‘STOT ‘¥e43

vsn
‘0T0T ‘olISaN 1

lizeig
‘810 ‘uesjere)

ylewuaqg
‘€TOT ‘ussped

vsn
‘910C ‘PaWyY

epeued
‘8T0C ‘siuuaQ
pue X2ig-sseqqy

Anunod ‘paysiignd
Jeah ‘aoyine 3sii4

T 314avl



7 of 23

%Wl LEY

GAVINE ET AL

(senunuo))

uoddns
paseq-1xa} |eyeulsad |e1auald panladay

PAU) yyesH
PlIYD pUE |euldle|n }S24eau Jo SoIUID
|eydsoy ay3 e dn-mojjo4 ‘284eydsip
lendsoy Jayje sdnou3 jioddns
-19ad jnoge uoljewloju] “pajypwaad
Wi} pue papasu se ddUe)sisse
9U0-03-3UQ °JUB}NSUOD UOI}EIIE|

10 94IMplw AQ aJed |ejeunsad aulInoy

SJO[[9SUNOD {g J199JUN|OA
pautes} Aq pajjels s9dIAISS suldiay
auoyda|al 03 ss922e aAeY p|nod
USWOM [/ 'S9DIAISS paplAoad asinN
UllesH PIIYD pue [eutsiejn e yaiym
Jayje ‘ayimpiw [eydsoy e Aq papiaoid
93Jeydsip |ejdsoy JO oM 1S4l

93 UIYUM S}ISIA SWoY Nd Om} 0} sUQ
MONENEETN
pue Ajlep 00:9T-00:80 Wo.y a8Jeydsip
Jaye T Aep 0} sauo Aep wouy

wed] joddng 4g suoyd p|nod sisyjon

S9DIAJI3S UOIje}NSU0d {g pue auljdipy
‘sdwnd jseauq ‘4g ynoqe poddns pue

uosiiedwod jo uondudsaqg

yoes ulnq ‘sanbiuyssy 4g uo uoizdnisul
pue ssueping ‘swajqoid 4g Ajies
uowwod pue ‘uoijelde| Jo A3ojoisAyd ayy

‘4g SAISN|IX3 JO S}J2USQ BY} UO UOIFeWIO|

"21qnd
ul Aj392J0SIp 49 pue yjeay [euoijows pue
|eaisAyd siayjow pue swajqoid Suideuew

uo 2oueping ‘suuaijed 3uipasy 3ulssasse
‘Suipasjisealq Inoge uolrew.ogul

|esaua8 uo suolssas ‘dnous suoydsja ]

‘uolssaidxa 3uipasjisealq |enuew pue
2ouepind uo-spuey yum uipas) paaIasqo
9Jom os|e oym sjuediijed o3 papiroid
2Jam swa|qoud pue ASojoisAyd uoijeyoe|

‘s}IJouaq 4g uo uopewlojul ‘dnous |eydsoy uj

‘palinbai se s|qejieAe sadIAIaS
Joddns 3uiisixe 03 ety 3ulaq
-[[9M pue sasualadxa 4g Uo pasndoy

J1933UN|oA J93d Wouy S|jed auoyda|a} aAI3OE0.

wayy 03
juepiodwl JoAS3EYM INOGE 3|e} 0} SIayjow

28eJnodua 0} sjjed auoyda|a} aAI3de0Id

uonuaAIajul Jo uondudsaqg

ue wouy djay Jo} SPIOMASY 1X3)
p|Nod pue sa8esssw 1xa) pajewoine
-IWSS 9U0-03-3UO X99M € Sawl}

L-€ ‘SIM 8 0} Nd PUE $399M GZ WOl NV

paddojs pey 49

JI3UN 1O S399M { 10J APjoam papiroid

sem Joddng "a3J4eydsip Jo Y z/ ulyim

dnou3 jioddns suoyds|sy Joy papiroad
uolesnpa pue Joddns suo-03-auo Nd

‘UIW G—QE PaISe| UOISSas
yoe3 "931eydsip 240J9q SUOISSSS 934Y)
y3nouy3 aoey-03-9de) papirosd sem
poddns ‘dnougd |eyidsoy uj “y {7g IXau ul
Ul gg x T pue Y ¢ Ulgiim Ul og x ¢
dnou8 [eydsoy 4o} papiroid uoneanpa
pue joddns |euoissajoid auo-03-auo Nd

J0o[[9sunod
Jo 3ujuies) 4g |euoissajold Jo Y g ueyy
9J0W OU pey pue syluow 9 1ses| je Jo}
Aqeq e pajisealq pey oym siapirosd
AeT Ag papiaoad ‘syjuow 9 o3 dn
AP|99M §-€ UBY] ‘SP9M ZT J0) Apjoam
uay} ‘©8.1eyd-3sod YoM 3s.1) dy3 ul

s||ea g ‘ioddns suoyds|a} au0-03-auo Nd

3ujueuy Jo sAep oM} USAIS 24oMm

oym 4jeis NDIN Ag papiroad adseydsip

Jsyje T 01 auo Aep wouJj s|jed
auoyda|ay Ajiep el 1oddns su0-03-auo Nd

9s4nod-3sod 3ujuiesy

y QT pue 9sin0d UOl1edNps UoljeIde|
J9359wWas Suoj| e pajs|dwod sjuapnis
9]enpeJsiapun aJ9Mm OYM S3Ue}NSuod
uoljeoe| Aq papiroid ‘wnjuedisod
Syjuow 9 je [|ed auo pue wnedisod
8- WouJ [|ed auo Ag pamoj|oy

“j9am winyedisod 3si1) ay3 ul S||ed> om |

uonuaAIRuI
3y} papinoad oym pue Aduanbaiy ‘Opojn

pajiodal JoN

swJue ¢ SN
1€30} 0S¢ 103 [3]|esed ‘610C ‘PAIwag
¥9¢/69C
poddns suoyds|a]
170¢ 3d3S-0T0Z AON 3uoy| SuoH

¥92/16T [exdsoy uj wie g 12y 49IsnD - ‘pTOT ‘Jueltel ‘ng

ST0C 22d-€10¢ 9°4 eljessny

08G/LLS swie g 12y I9]|eled ‘6T0C 4915104
GT0C 22A-€10¢
c9c/tee yale uspams

Sjuejul WIS)aId suue z 10y |9]esed ‘egT0Z ‘U0SIlIg

9YT/EVT

]043U0D/UOIJUBAIDIUL
pasiwopuel
Jaquinu sjuedidiied

Apnis
Jo 1eak usisap Apms

Anunod ‘paysiiqnd
Jeah ‘aoyine 3sai4

(penupuod) T 374dVL



GAVINE ET AL

||ed j043u0d
399M-Z © PaAIadaJ pue $32JN0Sal

Jauped ‘Joddns [B1D0S JO $924N0S
pue swojldwAs dAIssaidap D1102 juejul

ypiq Ja34e sxeam g je ||ed auoyd T pue

"JaXIoM [e1D0s Aq
0/¢/0LT

AjlUNWWOD JO 35I| B PaAIdIaL ‘sanssi AJaAlPp ‘uled ajddiu/isealq ‘49 199ys AJewwns Jauyped snid [ejidsoy sJayjow dluedsiH swie g vsn
sjuedidiued aded jensn psdueyui  uo uoljew.oul papnpaul 18|ydwed uoiesnpy ul pamalaal 13|ydwed uonesnps Nd Q uedlBWY uedly 1D |9]|esed ‘bT0OC ‘|IoMOoH
'SUI92U0D pey Asyj Ji Jorioddns
193d ||ea 03 padesnodu] “padinbal
J1 sjeuolssajoud yijesy 4o 777 03 S|edtayal sAep jusanba.y
EENTI J0/pue uoljewoul papiroad pue wayy UM SpIdulod 0} Sawll} S|eAtS3ul
yyeay e Aq JsIA swoy e pue |ejdsoy padpajmoujoe ‘suladuod sjuedidijied 10e3U0) "paljdads jou Aduanbauq swie g ueder
ul J1oddns 4g papn|oul a1ed |eUOIIUSAUOD 0] pauajsi] -auoyds|al Ag 1oddns Jsad ‘'syjuow {, 01 adueydsip |eldsoy wo.4 29/€9 129 |9]|esed ‘6T0C ‘08uoH
‘9|qejieAe 3uidessaw -9|qejieAne sem 3uidessaw suoyd
suoydiamsue pue 1xa] ‘jepdsoy JOMSUE pue 1x3] "98.1eydsip SuiMmoj|(o) 'S[|ed 9532 U0 Aduanbauy JusISHIp
woJy 934eydsip UIMO||0) SHIIM S¥99M Z 9y} JaAo juiod Aue je wea) 9S00UD P|N02 10 }99M IXaU 10}
OM} 3y} Inoy3nouy} sawi Aue je 3uIpaay ay3 sauoyda|a} p|NOd USWOAN “SAep s||ea Ajlep Jayiny pasajiQ a8Jeydsip ¥€/GE (0T0Z PO-AINf)
swea} 3ulpasy) sy} [|ed P|NOd USWOAA T UO JO > 104 S||ed duoyds|a) SAI3deal pue |lendsoy Suimol|o) ¥aam T 4o} Ajleq seale paAudap swue g puejjods
aAnoeoud Ajleq -joddns suoydala) aAIOROId  “Wwed) Yydueasad Aq uoddns suo 03 auo ‘Nd woJy syuedidilied 10¥ [8l1esed ‘210Z ‘NoulppoH

T Aep uo Jo > s||ed auoyda|a} aA1}EDY

‘leyidsoy ay3 je asunu

UM 3m/suoiieynsuod g-g snid “djpy
SA19231 03 Aep/Y g }uN [e}euoau
||ed p|noD "agn3 Suipaay ay3 Hasul

0} MOY Pa3anJjsul 319M pue juejul

suo[3e}NSU0d 03PIA

10§ Jul| (€) 3YSIoM pue SujwejA uonINu
J0j uones3si3al elep (g) upfs 03 upfs ‘sand
‘suojjisod ‘4g INOGe SUOIIEPUSWIWOIDI
pue 32jApe (T) syusuodwod

‘suipesw
Je|n3aJ pey pue swajqo.d Joj Joyine
1S114 03 $S920€ pey uopjedijdde ayy

Wi LEY~I

8 of 23

JO 9Jed IN0ge uoljewlojul pue }a|jes| € pey ddy 31 asn 0} moy uo 3ujuies) pue JO 3sN Ul paulel) 94ed 3WOoY-ul 3sau93ul Nlewusqg
e paAIadal ‘sdwnd jsealq pamodloq suoljonJisul pue dde ue yjm suoydiiews 214199ds Y3Im sasunu d|qisuodsal 810¢Z 3d9S-ST0Z AON ‘0z0z
‘Bululesy pie 1si1) ‘a1ed swoy € pPaJayJO "dwoy 49yl Wods suoileynsuod UYUAA "uonedijdde Jo asn jueisuod pue OTT/LOT sw.e g ‘ussiapad
Ales papnpul swwesdoud aued swoy aid 03PIA JO J2JJO 24ED |ENSN O} UOIIPPE U]  >S9M B SSwl} € 0} g SUOIIe}|NSuod 03pIA Ssjuejul wialaid 129 |9]|esed -18eH
'suoljsanb 4g 3uipsedas pajoejuod aq syjuow 9 pajse|
pInod oym “uapioddns paweu e paudisse SI9yjow Mau pue siapoddns usamiaq
sem juedidijied yoe3 '4g Suipedal 10e3U0D 3y] “Jojoddns-paweu
‘Buiuued suoljsanb Jamsue 0} uoljewlojul ajep JISY3 30BjU0D 0} pue Uollew.oul 0} uleds
Allwey 10 s1ed )implw ‘sdnou3 -03-dn 350w 3y} 0} $S922e pey Ssisayjowl $S920€ -1/ pey S1aylo|n ‘sianioddns 9107 49¢010-|1dy ‘spuejs| Ateue)
Moddns pusiie p|nod ‘sasua) yijesH 2J9YM ‘91ISgam e y3noJdyj ‘pasjisealq -193d pue s1ayjow awil-1sl) U9amiaq sw.e g ‘020z ‘seueq
pue |elidsoy y1oq 1e aied Nd auilinoy 01 3ulysim siaylow awil-1s41) 01 poddns eajx3 19BJUO0D 3UO0-01-3UO0 PaMO||e USYIAA 8//9/ 1D |9]|esed -z3|ezuo9
*A1BSSa29U Usym
Ajuo 2oueping uo-spuey pue papiaoid
Noeqpasy ajeudoidde ym ‘uiogmau
3y} Suipaay pue ‘Suiyoejze ‘Sujuopyisod ‘(8urureuy jo sjielap
PaAI9Sqo a19Mm sjuedidilied ‘UoISsas 0u) Jue}NSUOd uollelde| Apnis ||ea-uo,
uonuaAIRlul Jo uonduasaqg UOIJUDAIDIUI  |04JUOD /UOIJUSAIDUL Apnis  Anunod ‘paysiiqnd

uosiiedwod jo uondudsaqg

pasiwopues  Jo JeaA uSisap Apn}s  JeaA ‘joyine jsuiq

Jaquinu sjuedidipied

3y} papinoad oym pue Aduanbaiy ‘Opojn

(penupuod) T 374dVL



9 of 23

%Wl LEY

(senunuo))

‘uswi3ald Sujuueld Ajwey

€ JO UoReniul pue ‘S}98m 9 ulyim
JISIA dN-MoOJ|0} [euUJIEW B ‘YoM

T ulypm dn-23yd uIogMau e apnjdul
Ajjea1dAy suoionaisul asay ] “a81eydsip
o1uld Jo |epdsoy Jo awi} ay3 3e asinu

‘Aepli4 031 Aepuoln|

‘wd G 0} we g wouj suoyd eIA 3|qe|ieAe
SEM 9SINN ‘Papaau Sem JSIA d1uld

e Jayjaym aulwialap 03 sjualjed padeny
pue ‘pioddns pue ‘uoijewlojul ‘@dIApe
|edipaw papiaoad asinN "aJed pue yyeay
S,uI0gMBaU 19y} JO UMO J1ay} SuipJedal
suoljsanb se 03 asinu ay} ||ed p|nod
‘sAep 0g 1s414 3y} Sulnp ||e2-uo asinu e

sAep Qg 3s1} Joj suoyd ajiqow
Aq 3|ge|ieAe asinu ay} uay] ‘a8Jeydsip

210z 8ny-aunr

GAVINE ET AL

e AQ paJaAl|sp suoidnuisul 93.1eydsip 0] $S920Y "9pIN3 94N3dNJIS-1WSS UO paseq |e}dsoy Jo Y 8 Uly}IM UoISSas swue g Jopend3j
Jauq Jo 8ullsisuod ‘lensn se juswieal | UOISSSS [euol1eINPa PalaAllsp suoyds|s | |euolleanpa paJaAljap-auoydslsl Nd 9//20T 1DY [9lleded ‘9102 ‘Ajsmolseln
'sa8us|jeyd 49 a8euew o3 Ajjige Jidy} se
|I9Mm se ‘uied ajddiu pue jseauq Suipedau
S[|I4S pue 93pa|mouy| Jiay) asealdul
‘soJnsesaw ejep ayj 0} uswom jioddns 0} pajasie) aiam
919|dw0d 0} USWOM 3y} 0} JUSS DIIM S3IIAIIOE ||} Sjuswndop Apnis 939|dwod
SJISpUIWAI |leWS pue 1x3) 994y} 0} 0] sispulwal pue ‘jewanol 4g Ajiep e ‘uied *s3duds
dn »juip depg3y e elA sainseaw ejep 9|ddiu pue jsealq 3uissaippe ss|npow D71D04d| pash ‘wea) pa|-asinN ‘Suluiel)
J19Y3 919|dwod 07 |lews 41yl 323yd 01 |euoneanpa o3 syuluadAy ‘saansesw Apnis uolejoe| 1sije1dads pailiad INoYIM £LT0C AON-1dy
S¥99M 9 pue g ‘T 1e 1x33 Aq pa3oejuod pajlews ‘BuiIxa} oddns [eauswnuisul SII0M 3Jedyyjesy Aq s¥9am 9 1oy swue g vsn
9JoM dnoJ3 |0JJU0D SY] Ul USWOAA  P3]-9SINU papn|dul JuswaSeuew-49s 49 syl  SIAS BIA SIXS) AP9aM-Iq U0 0] 3UO Nd ZT 28/€€ 129 |9]|esed ‘6T0OZ ‘seanT
Jueudaid jo
dnou3 snoj Aq pauljas pue sjueynNsuod
49 Aqg paugisop sem uoljedidde
‘poddns wnjedisod pue uonesnps 49 Suiuieuy uoijeloe| isierdads
1nopuey 49 paseq-A3ojouydal pauleluod 1puiaiul P31411492 YlIM SI9XJOM aJedyljeay S8/¥8 payodal J0N vsn
49 (e131p papiaoad uonjedidde uola|ays  Yyum suoydiiews Aq uoljeddde Ajpusii4 49  AQ suoyd ploJpuy/-SOIpPIA puewap uo Nd aWodul MOT swie Z 10¥ |9||esed ‘0202 ‘ZUMONM]
Joddns 19ad paseqg-asuoyd ||92 snonujuod (mal1Aaa sIyy
‘poddns YHm uswom wniied-jsod pue jueudaid 10J JUBASJRM Z) SWIY  £TOZ ‘Belyingin
paseq-Aji|1oe) Sullsixs JO aJed Jo piepuels yjoq papoddns sispes| Joad pauies] oddns sauoyds|a) sU0-03-aU0 Nd pue NV 6/T/€ST 129 |9]|esed - newey|
'$924N0S3aJ Ajunwwod
10 JUSWISSASSE PapN|dUl 1BY] SPIaU JuaLINd
ssalppe 03 sue|d uoljde pajeas) ‘spasu
JaY10 pue Qquawadeuew woldwAs ul S||IxNs
‘swoldwAs sjusijed passasse ‘||ed doam-g
CRIIETIETME]
331 9zijewJou 0] Ssiaylow JoJ adusladxa
4O wisned [edidAy - 399ys Atewwns
uosiiedwod jo uondudsaqg uonuaAIRlul Jo uonduasaqg UOIJUDAIDIUI  |04JUOD /UOIJUSAIDUL Apnis  Anunod ‘paysiiqnd

3y} papinoad oym pue Aduanbaiy ‘Opojn pasiwopues  jo JeaA usisap Apnis JeaA ‘qoyine jsai4

Jaquinu sjuedidipied

(penupuod) T 374dVL



GAVINE ET AL

Wi LEY~I

10 of 23

‘Nd SXoom

T Pue T 1e Uiy 3 pig ‘91ep anp pajoadxa
9] 210Jaq S$}99M g pug ‘Quswudisse
|ezeuaud |eniul Ja3je 3sT:dnoud 3uljesunod

*J0||9Sunod
J9ad yum 10e3u0d oN ‘Moddns
pue uonowolid 4g DIM Plepuels Aluo

*sao130e4d 3uipasy ajelidosdde JuswSne 03

a3en3ue| UMO Ul S1X3] ‘suolleziunwiwi pue

swajqodd 49 YHM |eSp 0} MOY pue spasy

|ea1oe|-a.d Jo adueploAe ‘sadijdeld uipasy

PIy2 3unoA areudoadde - 3uljjasunod

40 JUdjU0) 'saNI|Idey |elp paads

10} spaed pledaid pue JaydnoA sadieyd

128} 2JEDY)|E3Y SUIIN0Y

|iw s10wW
sueaw SuIpaa) dJow ‘Juswydelle
S9SSaU|[l JUBJUI LUOWIWOD JOJ pue uonisod se yons suoisagsns |ed3oeid

9.eD pue SaNSs| Y3jeay ,spuejul [esauss 04

*J9Y30 yoea jo ssopoddns

J93d os|e aJam siayjow Suiedidijed
93U 'SUOISID9P pue $aI0Yd ,SIaylow sy
JO 9AI30adsal pue dA3 oddns aq 03 payse
2JaM Aay3 ‘paziuedio jou sem siajioddns
193d Joj uoleanps [e1dadsg ‘sjuejul
wJa394d UMO JIsY) 49 Uo 9duaLRdXd
snoiAald yim sisyjow AlejunjoA 9aiy3 Aq
papiAoid sem 1ioddns usad ‘(padieydsip
Sem Juejul JIay} usym "3-9) ajep Jaje| e
1€ 10 padieydsip a4om Aayj Jajje uiof pjnod

S)¥9aM E-£¢€ Jo a3e |enydaduod
-3sod uesw e je pajeniul aue

49 pue 3uipaay 3j1309 "yHiq Jo Aep
ay3 o paleniul ul (dgn3 dlIse3oseu)
3uipaay |eJO Y3iu 3e 3duo pue

‘Jeyy Jayje Ajlep sswiy g ‘wnjied-jsod
Y 9 Yylm uolissaidxa puey a3eiiul o3

paySe 2JaM SIBUION 248D NDIN dUlN0Y  s4ayioly ‘dnous poddng 3oogadeq 49 pasold

*9]04 9AIu0ddns s, Dd49

33 padJojulal pue ‘sylAw 4g payungap
iw y3nous 3uired sem Ageq ay)
J3Y3aym |91 03 moy paulejdxs ‘Suiuoijisod
Jadoud Jo sajdwexa pamoys ‘uaJp|iyd pue
SI3yjow JoJ 49 JO S1IJauaq syl PaIsA0d
JuajuU0d a8essa “wnjedisod Adusanbaly
Suiseasdap pue Ajjejeuasd Aduanbauy

"10B3U0D Xew

01 3|gE ||13S 943M SI3YI0|A ‘sauoyd |92
|euosiad Ji1ay3 BIA SDJHg J19Y] 1x3) 0}
10U PaJdNJISUl SI9M puUe SIO|[9SUnod
193d J19y] Yy3IM sadessawl 1xa)
a8ueyoxa jou pip sjuediiyied dnoid
j043u0) ‘weidoud uljjssunod Jaad 49

Joddng SuInOT DIM JO 248D plepuels ay |

uosiiedwod jo uondudsaqg

19ad Adusnbauy-mo| Joy sjjed pauued

93214 UaASS ‘auoyd [[92 PaAIaDDL USWOAA

49 pue sjyausq 49 10} paseq-gap-SINS

uonuaAIajul Jo uondudsaqg

uosJad Aeq
S10B3U0D duoydals} g pue S}de0d

auoydaja} { ‘9U0-03-2U0 Nd pue NV

‘SYuoW 9 03 JS1SSWL] paIYl

9y} ul 3uiuels “Suluiesy 3ul||asunod
UHM SSAIMPIW 9sanuU AJeljIXne palyilied
AQ sa3essaw 1x3) Ajlep pue 3ul||9sunod

auoyd Apjaam ‘Quo-03-auo Nd pue NV

SI9MI0OM 34edY}[EaY PaliIad 49

(1eam/T)

SUIUOW {, JSAO SIX3} 8T ‘©U0-03-3U0 Nd

‘suonsanb Suliamsue 1oy a|gejieAe
sem ajImpl|y "dnous 3oogade paso|d
eIA salgeq wuajaud pajisealq pey oym
siapoddns usad paulesun Aq jioddns

J9ad—poddns usad paseq-jautaiul Nd

‘SuiBessaw 31xa3 pajeniul

sJaydJeasal oy ‘sia3oddns saad

3y asiaadns 03 wass $370dl "D710dl
924y} pue juswAoldws swiy-}ied

ul / /¢ s1930ddns Jaad ‘uspiroad Ae)

SuIseaoul Y3Im Juas a1om saSessawl 3xa]  Ag sa8essawl 3xa3 ‘9U0-03-9U0 Nd pue NV

uonuaAIRuI
3y} papinoad oym pue Aduanbaiy ‘Opojn

£L59/9%9
SWOdU| MOT

81G/81S
swn|s ul
papisas sjuedidiyied

00T/20T
aWodUl MO

¥9/09
sjuejul wisleld

86/¥TT
]043U0D/UOIJUBAIDIUL
pasiwopuel

Jaquinu sjuedidiied

£00ZAINf
-500¢ AInf
suue ¢ 1Dy [9]eded

z10z AInf-010¢ 8nv

swle Z 1Y [9llesed

L10T
swJue g 1Dy
[a|feled ays-BNwW v

ST0Z-TT0T
swie Z 10y [3|[esed

9T0C Uer -#T10¢ 8ny
swie Z 12y [9]|eded
Apnis

Jo 1eak usisap Apms

(panunuo?)

vsn
‘PTOC 1opaay

elpu]
‘810C ‘191ed

001y opaNng
pue | lemeH
‘8T0C ‘soldejed

puejui4

‘910C ‘USBIA-EBIRIN

vsn
‘8T0Z ‘ZoUen

Anunod ‘paysiiqnd
Jeah ‘aoyine 3sai4

T 314avl



11 of 23

%Wl LEY

GAVINE ET AL

(senunuo))

Apnis sy} Quswiosus Sung ‘JusjU0d

9Y31 03 paje[24 uonssnb e paulejuod

SINIS Yoea ‘UaAamoy SINS Apfeam
awes ay) paAledal dnoud Aem-om) ay |

‘(po340dad jou 3ujurey) asinu
Aq 3uidessaw 1xa) pasijeuostad Aem
-OM} 3U0-03-3U0 AP9am Nd pue NV ¢

'S9W02IN0
Apn3s ujew ayj jo auo 3uijadie} adIApe
s|geuonoe pue ‘93essaw |euoljeanps
ue ‘Sweu dsinu pue duld ‘sweu
papn[aul S98esSa|Al MoeJ) B Ul SSajun
593ESSaW aUIIN0J PIAISIY ‘(Suollelsasd
s|diInw pue ‘s) snolAaid B YIM USWOM
‘S19UJ0W SWII-1S41) ‘S)USIS|OpE. ‘SUlIN0J)
s32ed} ojul payisse|d ‘Sulwi) wnued)sod
J0 Adueudaid pue sol3siiajdeleyd |eulajew
10} padojiel Juajuo) “3ul||asunod pue
|euoizednpa ajeldoidde-aSe |euoijeysad

papinoad sa8essaw pasijeuosiad pajewoiny

‘SIS |euoljeAjow
pue [euoieanpa ysnd, Apjaam paniadal
dnou3 Aem-auo ayj 03 pasiwopues USWOAA

"21ed pue
Su|j|9sunod paseq-d1uld aulNoy

'sdn-mo||o} Nd 40
NV 8uunp sjeuoissajoud yjjeay Jayjo
JO SJO||2SUNOD UOI}e}O.| YHM DIApE ‘(papinoad
49 pue uoljed1uNWWod ‘uofesiunww] S|Ie3ap Jay3iny ou) a4ed puepuels o}
Sunp syje3 4g—aJed piepuels uolppe ul auoydalal Aq Suljj9sunod uoiielde

*10[|9Sunod
uolje}de| palyiluad paule) Aq syjuow
9 03 Ajyauow xg—auoyda|al Aq Nd ZT

swajqoid

49 JO 95eD Ul S4IMPI|A pPasuadl

9y} |[e2 03 ‘dnoJ3 |ejuswiiadxe

3Y3 JO USWOM 33 1| ‘payiAul

0s|e 1M Asy | “AJSAISp JS3je syjuow

G pue ¢ ‘T e uepIsAyd sy YaIm s)sIA

|edipouad pswwes3oud Jo 3ullsisuod
‘weJs3oud 3ul||9SuUnNod piepuels e paAladay

‘49 AJIn4 uo uonewojul

|le pue jioddns aAe3 ajimplw 3y} ‘||ed

suoyd AJaAs Suun@ "SHMpIW PasuadI]

pue Jayjow ay3 yloq Aq piodde ul

pauue|d sem 3uiwi) [|ed suoyd ay| ‘SHoaMm
9 35414 3y} Sulnp s|jed auoyds|a) PaAISISY

‘9JIMplw e Aq paJinbau

J1 US1JO aJ0W 10 APRIAA "YMIg Ja)e

SY93M 9 3S.1) 3yl 3ulINp %33M e 32U0
1ses| je s||ed suoyds|a} suo 03 suo Nd

sdnoJs 49
pusye pjnod pue wniedisod 3oam ‘$99m 9 03 dn Aep padieydsip ayy
419 1914€ 943U3D € JISIA Pa|NPaY2s SUO woJ) wd g 0] We g WOy SSIAIMPIW YUM
pue ‘9WOoY J0 S2J3uad Je a1ed Nd pJepuels  s||ed pue adAyS ‘S||ed 09pIA ‘S92UaI3JUOI0BPIA

SOAIMPIW

palliad Ag "wnjiedisod syaam xis

03 dn Aep pagdJeydsip wouy ‘s|jed ‘9dA3S
‘UOI1e3|NSUOD PUB S3JUBIDJU0D 03PIA Nd

Yiuow Y3y pue pig ‘pug st 3e sj|ed
1 pue ‘dnou8 Aduanbalj-mo| ayy Joj S|jed
Swes ay3 atam s||ed  :dnoud 3ulj|asunod
J93d Aduanbauy-ysiy Joy sjed pauueld g

uosiad Ae| ym S30eju0d
auoyds|a} g ‘Ou0-03-auo Nd pue NV

uonuaAIajul Jo uondudsaqg UoUAAIRIUI

3y} papinoad oym pue Aduanbaiy ‘Opojn

uosiiedwod jo uondudsaqg

00T/66
Aem om |

00T/66
Bui8essaw Aem auQ

8L1/6LT

65/SS

008/86L

£59/5¥9
3WOdUl MO

]043U0D/UOIJUBAIDIUL
pasiwopuel
Jaquinu sjuedidiied

#10¢ 1dy-£10Z 8nY eAusy|

swie ¢ 12y [9]|eted ‘8T0C “98un
0T10C

swue g eisAeje|y

104 [|9l|esed ‘€1T0C “iyel

6002 Y2JeN-g24 Aley

swlie z 1DY [Plleled  ‘ZTOT ‘Mauowis

610¢ 2°Ad-810¢

AON 12¥
19]jeJed ‘au3uadinin

uleds
‘410Z ‘soAuean3dag

Apnys
Jo 1eak usisap Apms

Anunod ‘paysiiqnd
Jeah ‘aoyine 3sai4

(penupuod) T 374dVL



GAVINE ET AL

Wi LEY~I

12 of 23

"UaJP|IYD pUE SJUBJU| USWOAN JOj swweiSold

uonLINN [e3uawsalddng ‘DA ‘Bl Pa]|0J3u0d pasiwopuel ‘| Y ‘[e1eulsod ‘Nd ‘JUBHNSUO) UOIIeIDeT Palile)) pieog [BUOBUISIUl ‘D)TDg] Xapul ssew Apoq ‘|INg ‘Sulpaajisealq ‘49 ‘[eleusiue ‘N :SUoljelnaIqqy

eAud)|
poddns Jaad paseq auoyd |[92 snonuijuod (ma1nad sy GT0Z-€102
‘oddns UM uswom wniied-jsod pue jueusaid 10J JueAs|al ) suiy Su9||9s

paseq-Ajijioe) Sullsixa Jo 24ed Jo piepuels yjoq pajioddns siapes| Joad pauies] Juoddns suoydsalal sU0-03-aU0 Nd pue NV 6/T/€ST 1D¥ [9]|e4ed ‘newey| ‘qgaM
‘padisap Aays se
3uo| se uoy dde ay3 y3nouy} sOT1D9| YIm
'S9DIAIBS 49 DIM SS90 S||ed 03PIA puewap-uo ‘pajiwijun 3sanbai
pIN02 DIM Ul P3|[0JUS USWOM pue pINod sjuedidijed ‘uolleluslio Jay °|[ed
‘SHISIA @dueualulew Yijeay dLujelpaed 1591 € 31onpuod 01 sjueddied padeinodus
juanedino ‘suinod Jo jusuodwod e pue ‘s||ed> 03pIA pajiwijun ‘aa.)
se JJels J1ay) pue sueljeipaed wody 10} 9p0d uodnod e ‘(39|qe} Jo suoydiews)

Joddns ‘@8.1eydsip 4oy ‘Aejs [eydsoy 921A9p |euostad e uo dde ay3 peojumop ‘paJisap se 3uoj se 8T0Z ABIN-9T0Z PO

3uninp sjeuolssajoud aJiedyyeay 0} moy—sasinu |ejidsoy Aq uoljedidde Joj uoneoijdde suoyd y3nouyy sO704| swie g SN elueAjAsuuad

snolieA Aq pausyjo Joddns—aued |ensn 0} UOI}EIUSIIO PIAJOAUI UOIILIIBSIS]  YHM S||ED OSPIA PUBWSP-UO ‘papwljun Nd 101/20T 1DY I9]|leded  ‘6T0T ‘ssuld-4aydsn
'suofsanb Jo suusduod
UM SIAIS puss 0} padesnodus os|e
9J9M USWOANA ‘AJejun|oA a1am suollsanb
SINS 01 saldau Jey) paulejdxa asinu

uosiiedwod jo uondudsaqg uonuaAIRlul Jo uonduasaqg UOIJUDAIDIUI  |04JUOD /UOIJUSAIDUL Apnis  Anunod ‘paysiiqnd

3y} papinoad oym pue Aduanbauiy ‘Opojn pasiwopues  jo JeaA usisap Apnis Jeah ‘oyine 3sai4

Jaquinu sjuedidipied

(penupuod) T 374dVL
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Reeder et al., 2014), or mothers from specific ethnic backgrounds
(Efrat et al., 2015; Howell et al., 2014) and 3 studies recruited only
mothers of preterm infants (Ericson et al, 2018; Hagi-Pedersen
etal, 2017; Niela-Vilen et al., 2016). However, most studies recruited
women without medical conditions who gave birth to healthy term
infants, with no congenital abnormalities. The mean age of mothers
included in 14 trials was in the 20-30 years age range (Cavalcanti
et al., 2019; Efrat et al., 2015; Gonzalez-Darias et al., 2020;
Hoddinott et al., 2012; Howell et al., 2014; Martinez-Brockman
et al., 2018; Maslowsky et al., 2016; Niela-Vilen et al., 2016; Palacios
et al, 2018; Patel et al., 2018; Reeder et al., 2014; Tahir &
Al-Sadat, 2013; Unger et al, 2018; Uscher-Pines et al., 2019)
and over 30 years in 9 studies (Abbass-Dick et al., 2015;
Ahmed et al., 2016; Carlsen et al., 2013; Ericson et al., 2018; Forster
et al., 2019; Fu et al.,, 2014; Hagi-Pedersen et al.,, 2017; Hongo
et al., 2020; Lucas et al., 2019), with only one study with a mean age
under 20 years (Di Meglio et al., 2010). In other studies age was not
reported. In studies which were not targeting a specific group of
women, participants tended to be more highly educated and from
higher socioeconomic groups. Twenty-two studies included both
multiparous and primiparous women and seven recruited only pri-
miparous women (Abbass-Dick et al., 2015; Demirci et al., 2019;
Forster et al., 2019; Fu et al., 2014; Gonzalez-Darias et al., 2020;
Lewkowitz et al., 2020; Simonetti et al., 2012). Where mode of birth
was reported women were not excluded if they had a Caesarean

birth; mode of birth was not reported in 11 studies.

3.2.2 | Interventions

Varied modes of remote interventions were apparent with most involving
the telephone. Telephone calls as all or part of the intervention from
either peer/lay supporters (Di Meglio et al., 2010; Efrat et al., 2015;
Forster et al., 2019; Hongo et al., 2020; Kamau-Mbuthia et al., 2013;
Reeder et al., 2014), or health professionals (Abbass-Dick et al., 2015;
Carlsen et al, 2013; Ericson et al, 2018; Fu et al, 2014; Hoddinott
et al,, 2012; Howell et al., 2014; Maslowsky et al., 2016; Patel et al., 2018;
Seguranyes et al., 2014; Simonetti et al., 2012; Tahir & Al-Sadat, 2013),
were the most common intervention. Telephone calls alone were used in
10 studies (Carlsen et al., 2013; Ericson et al., 2018; Forster et al., 2019;
Fu et al, 2014; Hoddinott et al., 2012; Hongo et al., 2020; Kamau-
Mbuthia et al., 2013; Reeder et al., 2014; Simonetti et al., 2012; Tahir &
Al-Sadat, 2013) and in five studies were combined with other compo-
nents, such as emails (Abbass-Dick et al., 2015), text messages (Efrat
et al, 2015; Patel et al.,, 2018), education using telephone (Maslowsky
et al.,, 2016) or pamphlets (Howell et al., 2014). Text messaging was a
component of the intervention in seven studies (Demirci et al., 2019;
Efrat et al, 2015; Lucas et al, 2019; Martinez-Brockman et al., 2018;
Palacios et al., 2018; Patel et al., 2018; Unger et al., 2018). Interactive text
messaging alone was used in four studies (Demirci et al., 2019; Efrat
et al.,, 2015; Lucas et al., 2019; Martinez-Brockman et al., 2018; Palacios
et al,, 2018; Unger et al., 2018) and with hyperlinks to an educational
module in one study (Lucas et al., 2019). A phone App was used in four
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studies (Ahmed et al., 2016; Hagi-Pedersen et al, 2017; Lewkowitz
et al., 2020; Uscher-Pines et al., 2019). Other interventions included: peer
support via social media (e.g., Facebook) either in response to mothers
concerns (Niela-Vilen et al., 2016), or structured by use of an educational
booklet (Cavalcanti et al, 2019); video calls or Skype (Seguranyes
et al., 2014); support via a website alone (Gonzalez-Darias et al., 2020) or
via a website combined with other interventions such as a workbook, and
a DVD with telephone calls (Abbass-Dick et al., 2015).

All interventions were provided after birth but in seven studies there
was also an antenatal component (Demirci et al., 2019; Efrat et al., 2015;
Kamau-Mbuthia et al, 2013; Martinez-Brockman et al, 2018; Patel
et al,, 2018; Reeder et al,, 2014; Unger et al., 2018). The frequency of
interventions was variable with nine being open access and/or whenever
needed by the mother (Ahmed et al., 2016; Gonzalez-Darias et al., 2020;
Kamau-Mbuthia et al, 2013; Lewkowitz et al., 2020; Maslowsky
et al, 2016; Niela-Vilen et al., 2016; Seguranyes et al., 2014; Simonetti
et al, 2012; Uscher-Pines et al., 2019). In seven studies interventions
were provided weekly (Abbass-Dick et al., 2015; Cavalcanti et al., 2019;
Forster et al., 2019; Fu et al, 2014; Palacios et al, 2018; Reeder
et al, 2014; Unger et al, 2018) and six were every 1-2 days
(Demirci et al., 2019; Ericson et al., 2018; Hagi-Pedersen et al., 2017;
Hoddinott et al., 2012; Lucas et al., 2019; Patel et al., 2018). Six varied in
frequency (Carlsen et al., 2013; Di Meglio et al., 2010; Efrat et al., 2015;
Martinez-Brockman et al, 2018; Reeder et al, 2014; Simonetti
et al.,, 2012), one was twice monthly (Tahir & Al-Sadat, 2013), one was
only provided once (Howell et al., 2014), and in one study frequency was
not specified (Hongo et al., 2020). A range of personnel provided the
interventions. In 11 studies interventions were provided by health care
professionals, either nurses or midwives with or without specialist training
(Cavalcanti et al., 2019; Ericson et al., 2018; Hagi-Pedersen et al., 2017,
Hoddinott et al., 2012; Lucas et al, 2019; Maslowsky et al., 2016;
Palacios et al., 2018; Patel et al., 2018; Seguranyes et al., 2014; Simonetti
et al, 2012; Unger et al., 2018) and in one study by social workers
(Howell et al., 2014). In eight studies interventions were provided by
lactation consultants, although it was not always clear what specialist
training had been completed (Abbass-Dick et al, 2015; Ahmed
et al., 2016; Carlsen et al., 2013; Demirci et al., 2019; Fu et al., 2014;
Lewkowitz et al., 2020; Tahir & Al-Sadat, 2013; Uscher-Pines et al., 2019).
In a further nine studies interventions were provided by lay or peer
supporters (Di Meglio et al., 2010; Efrat et al., 2015; Forster et al., 2019;
Gonzalez-Darias et al, 2020; Hongo et al, 2020; Kamau-Mbuthia
et al, 2013; Martinez-Brockman et al., 2018; Niela-Vilen et al., 2016;
Reeder et al., 2014) and a midwife was also available in one study (Niela-
Vilen et al.,, 2016).

3.2.3 | Comparisons

Most comparisons were described as standard or usual care and
details were not always provided. Where described, this varied and
nine comparisons included face-to-face breastfeeding support and/or
consultations (Abbass-Dick et al., 2015; Carlsen et al., 2013;
Cavalcanti et al., 2019; Efrat et al.,, 2015; Hongo et al., 2020;
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Martinez-Brockman et al.,, 2018; Reeder et al., 2014; Tahir & Al-
Sadat, 2013; Uscher-Pines et al., 2019), two included the option to
call the healthcare provider for advice (Ericson et al., 2018; Hoddinott
et al, 2012) and three included both (Ahmed et al., 2016; Forster
et al., 2019; Simonetti et al., 2012). In six studies the comparison was
described as routine postnatal care with no information about
breastfeeding support (Gonzalez-Darias et al., 2020; Maslowsky
et al., 2016; Niela-Vilen et al., 2016; Patel et al., 2018; Seguranyes
et al., 2014; Unger et al., 2018). Three studies described combined
support and breastfeeding education (Ahmed et al., 2016; Cavalcanti
et al., 2019; Efrat et al., 2015). The length of time standard care was
provided was reported in 12 studies and varied. It could be as needed
(Abbass-Dick et al., 2015; Cavalcanti et al., 2019), last several weeks
(Ahmed et al., 2016; Carlsen et al., 2013; Ericson et al., 2018; Forster
et al.,, 2019; Hoddinott et al., 2012; Howell et al., 2014; Lucas
et al., 2019; Maslowsky et al., 2016; Seguranyes et al., 2014) or
months after discharge (Simonetti et al., 2012).

3.24 | Outcomes

For primary outcomes, 14 studies reported exclusive breastfeeding at
4-8 weeks, 12 studies reported any breastfeeding at 4-8 weeks, 12
studies reported exclusive breastfeeding at 3 months, 9 studies re-
ported any breastfeeding at 3 months, 11 studies reported exclusive
breastfeeding at 6 months and 6 reported stopping any breastfeeding
at 6 months. No studies with an antenatal component measured
breastfeeding initiation, thus data were not available for this out-
come. Very few studies reported secondary outcomes and there was
heterogeneity in terms of outcomes and measures. More specifically
four studies measured maternal satisfaction, one study measured
perinatal mental health and one study measured maternal self-
efficacy. Five studies only measured breastfeeding rates at 3 months
and a post-hoc decision was made to include this as an outcome to
allow these studies to contribute data to the meta-analyses.

GAVINE ET AL

3.25 | Risk of bias

The risk of bias varied across the domains. More specifically, 75% of
studies were judged as low risk of bias for random sequence gen-
eration; 48% were low risk of bias for allocation concealment; 59%
were low risk of bias for incomplete outcome data; 55% were low risk
of bias for selective outcome reporting and 83% were low risk for any
other forms of bias. Reasons for high risk of bias in the ‘other’ domain
was generally due to significant baseline imbalances. All studies were
judged to be at high or unclear risk of performance bias due to the
difficulties in blinding participants and personnel to the interventions.
Except for Patel et al. (2018), all studies were judged to be either
high or unclear risk of bias for blinding of outcome assessment. This
was a consequence of most studies collecting self-report data from
the women who were not blinded. See Figures S1,2 for further

details.

3.2.6 | Effects of interventions

Primary outcomes

Figures 2-7 show the pooled effects of remotely provided
breastfeeding support on the six primary outcomes included in this
review. Remotely provided breastfeeding support significantly
reduced the risk of women stopping exclusive breastfeeding at 3
months by 25% (risk ratio [RR]: 0.75, 95% confidence interval [CI]:
0.63, 0.90) (see Figure 4). At 6 months there was a 7% reduction in
women ceasing exclusive breastfeeding, however, this did not
reach significance (RR: 0.93, 95% Cl: 0.85, 1.00) (see Figure 6).
There was no significant difference in the number of women
stopping any breastfeeding at 4-8 weeks (RR: 1.10, 95% Cl 0.74,
1.64), 3 months (RR: 0.89, 95% Cl: 0.71,1.11) or 6 months
(RR: 0.91, 95% Cl: 0.81, 1.03) or the number of women stopping
exclusive breastfeeding at 4-8 weeks (RR: 0.86, 95% Cl: 0.70,
1.07) (see Figures 2, 3, 5, 7).

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ahbas-Dick 2014 32 107 45 107 T1% 0.71[0.48,1.02] [
Ahmed 2016 53 84 34 57  7.8% 1.06[0.81,1.38] -1
Carlsen 2013 37 108 46 118  7.2% 0.88[0.62,1.24] I
Cavalcanti 2019 10 123 22 128  46% 0.47 [0.23, 0.96] — =
Efrat 2015 122 146 121 143 87% 0.99[0.89,1.09] i
Ericson 2018 101 23 110 262 8.2% 1.04 [0.85,1.28] -
Fu 2014 28 38 kil 38 8.0% 0.90[0.71,1.15) ===
Hagi-Pederson 2020 64 107 55 110 8.0% 1.20[0.94,1.53] T
Hoddinott 2012 18 35 26 34 T0% 0.67 [0.46, 0.98] =
Lewkowitz 2020 72 84 Fal 85  8.6% 1.03[0.90,1.17] 3 i
Patel 2018 5 76 17 78 3.3% 029[011,078) ———————————————
Seguranyes 2014 620 798 336 800 87% 1.85[1.69, 2.02] .
Simonetti 2012 13 66 34 59 58% 0.41[0.24, 0.69] e —
Tahir 2013 39 179 57 178  7.2% 0.68 [0.48,0.97] e —
Total (95% ClI) 2171 2194 100.0% 0.86 [0.70, 1.07] R
Total events 1214 1005
Heterogeneity: Tau®= 0.14; Chi*= 180.55, df=13 (P < 0.00001); F= 93% 50 y 052 D=5 t é 1D=

Testfor overall effect Z=1.33(P=0.18)

2
Favours [experimental] Favours [control]

FIGURE 2 Forest plot of comparison: Remote support versus standard care/control, outcome: Stopping exclusive breastfeeding at 4-8 weeks
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abbas-Dick 2014 5 107 13 107  6.6% 0.38[0.14,1.04] I
Ahmed 2016 38 84 3 57  59% 8.60([2.79, 26.51] —_—
Carlsen 2013 22 108 31 18 97% 0.78[0.48,1.25] —_—
Efrat 2015 101 146 101 143 11.2% 0.98[0.84,1.14] -
Fu 2014 10 38 13 38 85% 0.77[0.39,1.54] —
Hagi-Pederson 2020 51 107 44 110 106% 1.19(0.88,1.61] T
Hoddinott 2012 13 35 22 34 96% 0.57 [0.35,0.94] _——
Lewkowitz 2020 45 84 36 85 106% 1.26[0.92,1.74] S
Lucas 2019 6 32 3 33 51% 2.06 [0.56, 7.55]
Seguranyes 2014 578 798 235 800 11.2% 2.47(2.20,2.77) -
Simonetti 2012 0 58 1 59 1.4% 0.36 [0.01,8.59] ¢
Tahir 2013 20 179 28 178 9.4% 0.71[0.42,1.21] _—1
Total (95% CI) 1773 1762 100.0% 1.10 [0.74, 1.64] ’
Total events 889 530
i v J— . 12 - - o I 1 } 1 1 1
Heterogeneity: Tau*= 0.36; Chi*=158.58, df=11 (P < 0.00001); F= 93% A 02 05 r : 10

Test for overall effect: Z=0.48 (P =0.63)

FIGURE 3 Forest plot of comparison: Remote support versus standard care/control, outcome: Stopping any breastfeeding at 4-8 weeks

2 2
Favours [experimental] Favours [control]

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ahbas-Dick 2014 37 107 44 107  8.0% 0.84 [0.60,1.19] .
Ahmed 2016 57 84 46 57 10.3% 0.84 [0.69,1.02] -
Cavalcanti 2019 24 123 63 128 7.3% 0.40[0.27,0.59] —_—
Efrat 2015 129 146 130 143 11.5% 0.97 [0.90, 1.05] e K
Fu2014 32 38 32 38 10.3% 1.00[0.82,1.21] -
Hongo 2019 25 63 33 62 7.5% 0.75[0.51,1.09] —_—
Kamau-Mbuthia 2013 14 153 39 179 52% 0.421[0.24,0.74] —_——
Martinez-Brockman 2017 92 114 79 98 11.0% 1.00[0.88,1.14] -+
Maslowsky 2016 37 102 36 76 8.0% 0.77[0.54,1.09] i
Patel 2018 6 76 25 75 3.2% 024[010,0584) ——————
Simonetti 2012 25 55 42 59 8.2% 0.64 [0.46,0.89] ——
Uscher-Pines 2019 54 102 58 101 9.5% 0921[0.72,1.19] -
Total (95% CI) 1163 1123 100.0% 0.75[0.63, 0.90] L
Total events 532 627

ity = , Chit= = P= k t U t } J
Heterogeneity: Tau®= 0.07; Chi*= 71.85, df=11 (P < 0.00001); = 85% " 02 05 5 : 10

Test for overall effect: Z= 3.17 (P = 0.002)

FIGURE 4 Forest plot of comparison: Remote support versus standard care/control, outcome: Stopping exclusive breastfeeding at 3 months

Favours [experimental] Favours [control]

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abbas-Dick 2014 7 107 15 107  52% 0.47[0.20,1.10) r
Ahmed 2016 45 84 19 57 12.7% 1.61 [1.06, 2.44] —
Efrat 2015 109 146 103 143 21.1% 1.04[0.90,1.19] 3 i
Fu2014 21 38 23 38 13.7% 0.91[0.62,1.34] ——
Gonzalez-Darias 2020 9 76 23 78 7.0% 0.40[0.20,0.81] —_—
Hongo 2019 5 63 10 62 4.0% 0.49[0.18,1.36] —_— T
Palacios 2018 58 102 54 100 17.9% 1.05[0.82,1.35) ——
Simonetti 2012 5 55 12 59 43% 0.45[017,1.19] =
Uscher-Pines 2019 35 102 38 101 141% 0.91 [0.63,1.32) ——
Total (95% CI) 773 745 100.0% 0.89 [0.71,1.11] E 3
Total events 294 297
Heterogeneity: Tau®= 0.06; Chi*= 21.06, df= 8 (P = 0.007); F=62% 50 1 0=2 015 é é 101

Test for overall effect: Z=1.01 (P=0.31)

Favours [experimental] Favours [control]

FIGURE 5 Forest plot of comparison: Remote support versus standard care/control, outcome: Stopping any breastfeeding at 3 months

Statistical heterogeneity was high for all outcomes: exclusive
breastfeeding at 4-8 weeks (Tau?=0.14, I? =93%, Chi?=180.55,
p <0.00001); any breastfeeding at 4-8 weeks (Tau? = 0.36, I* = 93%,
Chi2=158.58, p < 0.00001); exclusive breastfeeding at 3 months
(Tau? = 0.0.07, I*= 85%, Chi®= 43.39, p < 0.0001); any breastfeed-
ing at 3 months (Tau?=0.06, I? = 62%, Chi?=21.06, p =0.007); ex-
at 6 months (Tau?=0.02, I?>=94%,

clusive breastfeeding

Chi?= 172.07, p <0.00001); and any breastfeeding at 6 months
(Tau? = 0.01, I? = 63%, Chi?=16.07, p = 0.01).

Sensitivity analyses which removed the 13 studies at high or un-
clear risk of bias for allocation concealment found similar effects (see
Table S2), except for exclusive breastfeeding at 6 months which became
significant (RR: 0.85, 95% Cl: 0.73, 0.99) and 3 months which changed
to be nonsignificant (RR: 0.76, 95% ClI: 0.56, 1.04). However, a
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Carlsen 2013 108 108 118 118 11.7% 1.00[0.98,1.02]
Cavalcanti 2019 85 123 118 128 9.1% 0.75[0.66, 0.85) =
DiMeglio 2010 38 38 40 40 11.3% 1.00[0.95, 1.05) T
Efrat 2015 134 146 139 143 111% 0.94 [0.89,1.00] -
Forster 2018 306 574 329 578 9.8% 0.94 [0.84,1.04) el
Fu 2014 34 38 34 38 8.2% 1.00[0.86,1.17) ="
Howell 2014 251 270 259 270 11.4% 0.97 [0.93,1.01] -
Lewkowitz 2020 79 84 78 85 10.5% 1.02[0.94,1.11) =
Patel 2018 7 76 42 75 1.1% 0.16[0.08,034 ———
Tahir 2013 159 179 159 178 107% 0.99[0.92,1.07) n
Unger 2018 43 99 61 100 5.0% 0.71[0.54, 0.94] —_—
Total (95% CI) 1735 1753 100.0% 0.93 [0.85, 1.00] *
Total events 1244 1377
Heterogeneity: Tau®= 0.01; Chi*=172.07, df= 10 (P < 0.00001); F= 94% b t t t t {
TestforgoverZI effect Z= 1'.88 (P =0.06) ' ( $ 0.1 0.2 Ufs 2 S 10
Favours [experimental] Favours [control]

FIGURE 6 Forest plot of comparison: Remote support versus standard care/control, outcome: Stopping exclusive breastfeeding at 6 months

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
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FIGURE 7 Forest plot of comparison: Remote support versus standard care/control, outcome: Stopping exclusive breastfeeding at 6 months

sensitivity analysis whereby the 12 studies at high or unclear risk of bias
for incomplete outcome data (see Table S2), found that exclusive
breastfeeding at 4-8 weeks became significant with a 24% reduction in
risk of stopping breastfeeding (RR: 0.76, 95% Cl: 0.61, 0.96). Similarly,
any breastfeeding at 3 and 6 months just reached statistical significance
with a reduced risk in stopping breastfeeding of 26% (RR: 0.74, 95% Cl:
0.55, 1.00) and 18% (RR: 0.82, 95% Cl: 0.67, 1.00), respectively.

Inspection of funnel plots did identify some asymmetry with
smaller studies tending to show more positive effects (see
Figures S1-56). However, there is also evidence of substantial het-
erogeneity which may contribute to this. To further explore the risk
of publication bias, the fixed and random effect sizes were compared.
The random effects model did not shift the effect estimates towards
the results of the smaller studies which suggests an absence of any
small study effects (Page et al., 2020; Sterne et al., 2011).

Additional outcomes

Three of the four studies measuring maternal satisfaction reported no
differences between the study groups. Ericson et al. (2018) reported no
significant difference in maternal satisfaction at 8 weeks in the inter-
vention group (mean [M]: 113.7, standard deviation [SD]: 19.2) versus
the control group (M: 113.6, SD: 19.3, p = 0.97). Similarly no significant
difference in maternal satisfaction was reported by Hoddinott et al.

(2012) in the intervention group (M: 8.7, SD: 1.7) compared to the
control group (M: 81, SD: 2.8, p = 0.23) and no significant difference was
reported by Seguranyes et al. (2014) in the intervention group (M: 4.77,
SD: 0.5) compared to the control group (M: 4.76, SD: 0.56, p = 0.105).
However Patel et al. (2018), reported that 92.3% of the intervention
group were satisfied versus 36% of the control group.

Only one study reported measures relating to perinatal mental
health (Ericson et al., 2018). There was a small but significant im-
provement in perinatal mental health measured by the Swedish
parental stress scale in the intervention group (M: 2.35, SD: 0.5)
compared to the control group (M: 2.48, SD: 0.51, p =0.015). Only
one study measured maternal self-efficacy. Hagi-Pedersen et al.
(2017) reported no significant difference in maternal self-efficacy in
the intervention group (median: 43, interquartile range [IR]: 41-45)
compared to the control group (median: 43, IR: 40-44).

3.2.7 | Certainty of the evidence

The six primary outcomes were assessed with the GRADE criteria
(see Table 2). All outcomes were graded low or very low. Outcomes
were not downgraded for lack of blinding. Although Funnel Plot
asymmetry was identified we did not downgrade for this as a
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comparison with a fixed effects model did not reveal that the random

effects estimate was more beneficial.

4 | DISCUSSION

This systematic review found that remotely provided breastfeeding
support and education combined with support in hospital is an ef-
fective intervention to increase the rates of exclusive breastfeeding
at 3 months. However, for other outcomes the results are less clear.
Exclusive breastfeeding at 6 months was only significant when stu-
dies at high risk of allocation concealment were excluded. Exclusive
breastfeeding at 4-8 weeks was only significant once studies with
loss to follow-up greater than 20% were excluded. There was little
evidence of any impact on any breastfeeding. However, when studies
with loss to follow-up greater than 20% were excluded, any breast-
feeding at 3 and 6 months did become significant. The certainty of
the evidence was judged to be low or very low for all outcomes.

While this may suggest that remote breastfeeding support and
education had little effect on duration of any breastfeeding, it is im-
portant to consider what the interventions were being compared to,
with the majority of studies providing some form of breastfeeding
support as part of their routine care. There was considerable hetero-
geneity in how routine care was offered (e.g., lactation consultants, peer
support, in-hospital, outpatient clinics, reactive or proactive), which
makes comparisons difficult. Moreover, in the studies reporting statis-
tically significant benefits, the control group appeared to have more
limited support, e.g. offered reactively or only limited details provided
(Abbass-Dick et al, 2015; Cavalcanti et al, 2019; Gonzalez-Darias
et al, 2020; Hoddinott et al, 2012; Kamau-Mbuthia et al., 2013;
Simonetti et al., 2012; Tahir & Al-Sadat, 2013). It therefore could be
argued that if remote provision is the only type of provision available (as
would be the case in the Covid-19 pandemic), then this may have been
more effective than the comparator. Alternatively, if remote provision in
addition to existing services including face-to-face support is synergistic
then inability to provide these may reduce the effectiveness of the
remote provision.

Given the low number of studies and high heterogeneity, it is
difficult to extrapolate from our review, why remote support has a
greater effect for exclusive breastfeeding compared to any breast-
feeding and why this occurs only at certain timepoints. One reason
could be that mothers who are highly motivated to breastfeed ex-
clusively benefited most from support to achieve their goals. This
explanation is supported by a realist review of breastfeeding peer
support (Trickey et al., 2018) Other systematic reviews have also
found that breastfeeding support has a greater effect on exclusive
compared to any breastfeeding outcomes (McFadden et al., 2017;
McFadden et al., 2019). In addition, McFadden et al. (2017) found
that support was more effective in settings where background rates
of breastfeeding initiation were high. This suggests that continued
efforts are needed to promote breastfeeding to increase motivation.

Explanations for why support interventions were effective for

exclusive breastfeeding at 3 but not 6 months are probably multi-
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faceted. Overall, the breastfeeding interventions tended to have
higher intensity in the first 6 weeks following birth, with frequency of
contact reducing or ceasing beyond this timepoint. Reasons why
mothers cease breastfeeding in the first 6 weeks such as fatigue,
inconvenience and concerns about milk supply (C. R. L. Brown
et al.,, 2014; McAndrew et al., 2012), may be more amenable to the
support interventions There are additional contextual challenges to
exclusive breastfeeding beyond 3 months, for example mothers re-
turning to paid employment, cultural practices of introducing solids
before 6 months and societal attitudes towards breastfeeding public
in some settings (Alianmoghaddam et al, 2018; Burns &
Triandafilidis, 2019). These challenges may impact on the effective-
ness of support interventions.

In addition, we cannot extrapolate whether any specific partici-
pant characteristics such as age, level of education or parity impacted
on the effectiveness of interventions. These characteristics are not
consistently reported in trials and their association with breastfeed-
ing varies in different settings.

As expected, statistical heterogeneity was high for all primary
outcomes. Due to the relatively small number of studies and unequal
distribution of the co-variates, formal sub-group analysis was not
undertaken. However, a qualitative examination of the characteristics
of the interventions indicated that the studies which reported posi-
tive intervention effects did not differ greatly from those that re-
ported no significant differences or negative effects in terms of who
provided the intervention, whether it was provided one-to-one or to
groups or whether it was provided postnatally only or antenatally and
postnatally. However, it is worth noting that only nine studies re-
ported a positive effect on at least one breastfeeding outcome and of
these seven used the telephone as a mode of support (Cavalcanti
et al., 2019; Di Meglio et al., 2010; Hoddinott et al., 2012; Kamau-
Mbuthia et al., 2013; Patel et al., 2018; Simonetti et al., 2012; Tahir &
Al-Sadat, 2013). This may suggest that telephone is a more effective
way of providing support, however, results should be interpreted
with caution due to the risk of bias in these studies and the lack of
formal sub-group analysis.

The studies that did not use telephone calls used other delivery
methods including video conferencing, SMS and/or platforms to fa-
cilitate online text-based interventions. Current evidence for health
interventions delivered using these platforms have only shown ef-
fectiveness in specific groups of participants, for example, those with
stable chronic illnesses (Free et al., 2013; Greenhalgh et al., 2020),
and therefore may not be applicable to breastfeeding women.
Nevertheless in Seguranyes et al. (2014), 90% of women chose vi-
deoconferencing over telephone calls, although only 40% of the in-
tervention group made use of any form of teleconsultation. Over
80% of women who did not use services said they had no reason to
do so, which suggests it is not the mode of the delivery that impacted
on uptake of the intervention and for those seeking help, video-
conferencing was the preferred option.

Four studies measured the secondary outcome of maternal sa-
tisfaction, with only one of these reporting significantly higher scores

in women receiving remote support (Patel et al., 2018). This could be
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explained by the fact that, in the three studies where no significant
difference was identified, women in the control group were provided
either with reactive breastfeeding support (Ericson et al., 2018;
Hoddinott et al., 2012) or face-to-face support (Seguranyes
et al., 2014). Whereas women in the control group in the study by
Patel et al. (2018), were not provided breastfeeding support. This
may therefore suggest that any form of breastfeeding support is
perceived positively by women. This is consistent with findings from
an integrative review on telehealth and breastfeeding (Ferraz dos
Santos et al., 2020). There was insufficient information to draw
conclusions about the other secondary outcomes of perinatal mental
health and maternal self-efficacy as few studies measured these
outcomes.

Overall, this review found less evidence of positive intervention
effects than existing reviews which considered on support more
generally (Haroon et al.,, 2013; McFadden et al., 2017; McFadden
et al., 2019; Olufunlayo et al., 2018; Shakya et al., 2017). Further-
more, reviews that have specifically assessed the effect of telephone
in relation to face-to-face support via sub-group analysis have
identified that face-to-face support appears to be more effective
than telephone support alone, although caution of interpretation is
advised due to high within-group heterogeneity (McFadden
et al.,, 2017). Olufunlayo et al. (2018) studied the effectiveness of a
range of interventions on exclusive breastfeeding in LMICs and
concluded that all were effective except telephone support alone and
evidence for this was insufficient.

There are several reasons why this review found less evidence of
effectiveness. As noted previously, breastfeeding support interven-
tions tend to be more effective in LMICs (Haroon et al., 2013; Jolly
et al., 2012) and where background breastfeeding initiation rates are
high (McFadden et al., 2017). However, this review only identified
studies in HICs with low background breastfeeding initiation rates.
Additionally, there are components of the interventions included in
the remote review which may make them less effective. For instance,
peer support has been found to be associated with more positive
effects (McFadden et al., 2017), however only 6 of the studies in-
cluded in the meta-analysis utilised this. Moreover, there was in-
sufficient detail provided to ascertain whether the interventions
aligned with the characteristics of successful peer support identified
by Trickey et al. (2018). The interventions identified in this review
were generally of a lower intensity in terms of numbers of contacts
and the web-based ones required the mother to reactively access it.
Previous evidence suggests that generally higher intensity delivered
proactively may be more successful (McFadden et al., 2017; Trickey
et al., 2018). Moreover, a more nuanced approach whereby a sche-
dule of contacts is agreed between the mother and supporter may
better meet the needs of women (Trickey et al., 2018).

Breastfeeding support is complex and there may be important
elements that are not easily addressed remotely. In addition to
practical and informational elements, support incorporates emotional
support and esteem-building as well as social support, such as sign-
posting women to support groups and helping to build their social

networks. Although it is possible to offer emotional support via
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telephone or using other remote technologies this may be more
challenging and may require specific training for supporters (Penny
et al., 2018). A recently published study of over 1200 women in the
UK reported that 72.6% of women who stopped breastfeeding dur-
ing Covid-19 attributed this to a lack of face-to-face support, com-
pared to 42.9% of women before Covid-19 (A. Brown &
Shenker, 2021). While previous studies have shown high satisfaction
levels with remotely provided support (e.g., voluntary sector breast-
feeding helplines; Kam & Haines, 2021; Thomson et al., 2012) these
studies were conducted pre Covid-19 and provided additional sup-
port in addition to routine face-to-face care. Such helplines helped
women feel more confident and reassured. It could therefore be ar-
gued that remotely provided support can be a beneficial addition to
face-to-face care, continuing beyond the early weeks. Similarly,
qualitative studies with midwives and women receiving maternity
care via videoconferencing, suggested that it was not a replacement
for face-to-face contact (Lindberg et al., 2009; Penny et al., 2018).

An important consideration is changes in mode of delivery and
women and providers’ abilities to use different technologies that occur
over time. For instance, most studies included in this review used the
telephone. However, later studies used a range of different modalities
including video chat, webchat and social media and these tended to be
less effective than telephone-based interventions. Whilst previous stu-
dies have suggested that digital approaches may be limited by technical
problems and staff capabilities (Penny et al., 2018), more recent re-
search has demonstrated an improvement in the capacity of staff to
provide digital support (Fortuna et al., 2020). It is therefore plausible,
that remotely provided interventions provided in a post-Covid context,
may be more effectively implemented due to higher skill levels of pro-
viders. Such interventions offer greater flexibility for the user, allowing
for choice, and individual preference (e.g., a text-based intervention may
be more useful if a mother is caring for a crying infant). Given the
increasing range of digital platforms, there is a need for qualitative work
to explore women's experiences with them and that could provide more
insights into why such interventions succeed or fail.

There is a lack of evidence relating to low- and middle-income
countries. No studies from low-income countries were included in this
review and only 6 from middle-income countries (20% of participants).
Most interventions in this review involved the use of a telephone (e.g.,
calls, texts) or smartphone (e.g., websites, Facebook, apps) and while
ownership may be affected by poverty, surveys have shown that phone
ownership is relatively high in some low-income countries, although this
varies greatly (Taylor & Silver, 2019). Additionally, there is also inequity in
access within high-income countries, with families on a lower income and
those with lower educational attainment less likely to have access to a
smartphone and home broadband (Katzow et al., 2020). It may be that
the provision of remote support increases accessibility for some mothers
(e.g., remote and rural) and can be offered out of regular office hours
covering evening, weekends and holidays but some mothers may be
excluded by lack of access to technologies or by costs of phone and/or
internet access.

Finally, there was a lack of evidence on support for women with

preterm infants. As additional considerations are needed for preterm
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infants, for example kangaroo care (Charpak et al., 2021) responsive
versus scheduled feeding (Watson & McGuire, 2016), the use of milk
banks (Quigley et al., 2019), use of bottles or cups (Collins et al., 2016),
and therefore the evidence from studies with term babies may not be
applicable.

41 | Strengths and limitations of this review

A key strength of this systematic review was that it followed the
methodology outlined in the Cochrane Handbook (Higgins
et al., 2019) and the GRADE approach was used to help judge the
certainty of the evidence (Schiinemann et al., 2013). This review had
some important limitations. Standard care for those in the control
groups was not well-described or when described it was variable. In
many studies face-to-face provision was part of standard care and
this may not have been possible during lockdowns.

A second limitation of this review is the high drop-out rate, with 11
studies being rated as high risk of bias and 2 as unclear risk of bias for this
domain. In our intention-to-treat analysis we assumed all women did not
complete follow-up had stopped breastfeeding. However, this potentially
leads to an underestimation of effect size as a sensitivity analysis iden-
tified that differences in exclusive breastfeeding at 4-8 weeks and any at
6 months became significant when studies at high or unclear risk of bias
in this domain were excluded. A qualitative examination of the studies did
not identify any clear differences in attrition rates based on mode of
delivery.

Third, a post-hoc decision was made to include any or exclusive
breastfeeding at 3 months as an outcome. This decision was made be-
cause several studies otherwise meeting the eligibility criteria only mea-
sured breastfeeding rates at this time point. Fourth, statistical
heterogeneity was high for all outcomes and is likely a manifestation of
heterogeneity in participants and interventions. Fifth, there was some
evidence of funnel plot asymmetry, however, due to high levels of het-
erogeneity we cannot be certain that this was due to publication bias.
Finally, only studies published in English were eligible for inclusion. One
full-text paper which may have potentially met the inclusion criteria was
excluded for this reason (Araque Garcia et al., 2018), and others may have

been excluded at the title and abstract screening stage.

5 | CONCLUSION

The findings of this systematic review and meta-analysis demonstrate
that remote interventions can be effective for improving exclusive
breastfeeding but only at specific time frames. Remote interventions
were effective at increasing exclusive breastfeeding at 3 months but at
4-8 weeks and 6 months they were effective only when studies at high
risk of bias were removed in a sensitivity analysis. However, remotely
provided breastfeeding support was less likely to be effective for im-
proving any breastfeeding and only reached significance at 3 and
6 months when studies with rates of attrition were excluded. Moreover,

the certainty of the evidence was judged to be low or very low due to risk
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of bias, substantial heterogeneity and imprecision in some outcomes.
High levels of attrition were an issue in 11 of 26 studies and when these
studies were removed differences in any breastfeeding at 4-8 weeks and
6 months became significant. There was significant heterogeneity in
terms of interventions and routine care making comparisons difficult,
however, interventions tended to show more positive effects when only
limited routine care was provided. Given that the need for breastfeeding
support is highlighted in the wider literature, this review suggests that
remote provision of breastfeeding support and education should be
provided when it is unsafe or not possible to provide face-to-face care.
Beyond the Covid-19 pandemic, remote support could be offered as part
of a support package that could supplement face-to-face provision. This
would offer women more flexibility to access help when needed to meet
individual needs and changing circumstances. To inform policy and
longer-term provision globally there is a need to further understand the
use of contemporary technologies and women's and care providers’ ex-

periences of using these.
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