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1. Introduction

In this paper we estimate the causal effects addifeeding on children’s cognitive and non-
cognitive development in the UK. This is importaior at least three reasons. First,
breastfeeding is an investment made very earlynolife, a critical period in shaping the
long-term development of individuals. Though thiesréairly robust evidence to suggest that
it reduces childhood illnesses and chronic dis¢aasén-Cava et al, 2002), there is much less
known about its effects on children’s cognitive arah-cognitive development. Second, the
paper contributes to opening the black box of whildeen from better off backgrounds
achieve better outcomes compared to those frontivella less well off backgrounds:
breastfeeding rates amongst the high educatedramstadouble those of the low educated,
so a natural question is whether breastfeedingribomés to the gap in children’s
development across the socio-economic spectrunrd,Tthe question is of considerable
policy interest - in 2001, the World Health Orgatian (WHO) put forward for
consideration a global recommendation that infahisuld be exclusively breast fed for six
months. Many Western countries, including around tthirds of European member
states and the United States, elected not to falhisvrecommendation fully, or at dllThere
are clear and important implications for materh#gve policies — for instance the UK offers
paid time off for breastfeeding for women who cl®ds return to work in the first six

months, and statutory maternity leave entitlemémine year.

We use an Instrumental Variable methodology tareste the causal effects of breastfeeding.
Our identification strategy uses exogenous diffeesnin breastfeeding support immediately
after birth as a source of natural variation inastéeedindg. These differences in support are
driven by day of the week of birth, which we shdifeets strongly the chances that a baby is
breastfed, with those born just before or during Weekend significantly less likely to be
breastfed compared to those born during the wel&.réason behind this is that a hospital
manager cuts back on the provision of non-essesgialices, such as feeding support, at the
weekend, when they are more expensive. And withildatsupport early on, particularly in
the first48 hoursafter delivery, it is considerably more diffictittr successful breastfeeding

to be established. Crucial to our identificatioragtgy, we argue and provide evidence that

! The UK has complied with the recommendation s2@@3.
2 Exploiting breastfeeding support as a predictobafastfeeding is in line with the largest evertdéon
randomised trial conducted (Kramer et al, 2008).



day of the week of birth, which is random (note, exelude planned Caesarean sections for
this reasot) only affects outcomes through affecting breaslifegz We use this exogenous
variation to measure the effects of breastfeedimgluldren’s cognitive and non-cognitive
development. Using a sample of children born enehrly part of this century, we show that
breastfeeding affects cognitive and non-cognitiesetbpment, with large and significant
effects observed at ages 3, 5 and 7. The magna@lidar estimates is comparable to those
obtained by Kramer et al (2008), the largest randedtrial ever conducted in the area of
lactation. The trial focused on the randomisatidnhealth care worker assistance for
initiating and maintaining breastfeeding and laotaind postnatal breastfeeding support: in
focusing on exogenously shifting breastfeeding suppour identification strategy shares

common ground with this trial.

Our work fits into the large and growing literatue the importance of the very early stages
of life in shaping the development of individuateé for instance Carneiro and Heckman,
2003; Cunha et al. 2010; Almond and Currie 2011,terms of social development,
intellectual development, and health. Neurologiesearch shows that brain development
occurs during the first years of life, and thastisi a function of the quality and range of early
experiences and interactions (Thompson and Nel20@1). There are many studies that
focus specifically on the period before or justeafbirth, such as those that document the
importance of prenatal conditions (for instancer@uand Hyson, 1999), of birth weight (for
instance, Behrman and Rosenzweig, 2004; CurrieMmktti 2007; Black, Devereux and
Salvanes 2007; Royer 2009), and economic condigoasnd the time of birth (Berg et al.
2006; Cutler et al 2007; Banerjee et al 2009); ostadies look at the early childhood
environment, particularly the importance of eatiyldhood shocks. There is more of a gap in
the literature around investments in the early jpasal period, right after birth, where in
terms of nutrition, the type of milk to providetise key decision faced by parents. Of those
that do consider this period, they tend to consideild health shocks and maternal
health/depression (for instance Case and Paxs@8#28, 2010a,b); Frank and Meara, 2009).
As Almond and Currie (2011) note“one of the morte@ive ways to improve children’s

3 Planned C-sections are those that are schedulechddical reasons. Elective Caesarean sectionsbf.e.
parents) are not an issue in the UK NHS as womem eeimnot afford to pay private doctors for theibya
delivery have been allowed to have C-sections tithere are health concerns for mother or babys Thset to

change however



long term outcomes might be to target women ofdchéaring age in addition to focusing on
children after birth”.

Breastfeeding falls quite naturally into this pelriaf life, yet the literature contains relatively
little on its effects. It has been hypothesisedftect children’s development through at least
two channels. One relates to the ‘superior’ comstits of breast milk, particularly higher
concentrations of essential long-chain polyuns&tdréatty acids, which are believed to play
an important role in cell division and brain matiga (Innis, 2004; Petryk et al, 2007), and
the presence of insulinlike growth factor I, whishcontained in higher concentration in
breast milk than in formula (Nagashima et al, 192@) has been shown to be absorbed intact
across the newborn infant’'s gastrointestinal t(&ttillips et al, 1995). The second channel
relates to the physical interaction which is aegnal part of breastfeeding, which might lead
to permanent physiologic changes that accelerateooegnitive development: increased
skin-to-skin contact has been shown to be assaociailh secure attachment (Briton et al,
2006), and increased maternal-infant contact inadifeeding could increase verbal
interaction between mother and infant, which miglsio stimulate cognitive development.
Whilst this paper will not be able to disentanghe tprecise channels through which
breastfeeding may affect outcomes, we will provsdene evidence later on that the mother-

child attachment is no stronger in breastfed tihhamoin-breastfed children.

However the inherent problem in estimating the ahe$fects of breastfeeding is that it is
endogenous, and there are likely to be other umebdalifferences between women who
choose to breastfeed and those who do not, whieh ago relevant for children’s
development. There is just one randomised contial (RCT), that of Kramer et al (2008),
which randomises the provision of facilities to ipiate breastfeeding and assesses whether
exclusive breastfeeding for three months improveklien’s cognitive development. It finds
large effects, of between one fifth and one half of andtad deviation, on verbal 1Q,

performance IQ, and full-scale 1Q, at age 6.5 years

Apart from this, related studies are observationalj use different methods to control for
selection bias. For instance, the literature ttsssusibling pairs to control for unobserved
family background characteristics generally finds effects of breastfeeding on children’s
cognitive development (Rothstein, 2011; Belfield &telly, 2010; Der et al 2006; Evenhouse



and Reilly, 2005§. Another set of studies uses Instrumental Variabksr instance,

Rothstein (2011) uses State breastfeeding ratedaavel about breastfeeding in public as
instruments; Del Bono and Rabe (2011) use whetinerhbspital where the child is born
participated in a (non-randomly allocated) breastieg promotion programme. Del Bono
and Rabe report significantly positive effects cddstfeeding on cognitive development and
no effects on non-cognitive outcomes. The thirdtetyy widely used is to control for a wide
range of background variables (Rothstein 2011; @wigt al. 2011; Belfield and Kelly

2010), and this literature generally finds smaleetls on cognitive measures, and little to no

effects on non-cognitive measures.

2. Background and Data

2.1 Background: Maternity Care in the UK

The UK National Health Service (NHS) is a uniquatestun health care systenThe vast
majority of UK deliveries occur in NHS hospitala.dur data (described in next section), just
under 2% of women reported that they had had a hbirie; we do not know what
proportion of children in our data were born invpte hospitals but the England-wide

proportion in 2001-2002, the period covering ougaas just 0.5%.

The UK has a well-developed midwifery professiomttiprovides maternity care to the
majority of women'. Only when an instrumental delivery or a surgidahbis necessary will
an obstetrical specialist be called upon, makingniisual for obstetricians to attend vaginal
births. This is in contrast to North America, whematernity care is obstetric-led, using
highly trained specialists (i.e., physicians) teeatl nearly all births as the primary caregiver
(Clarke et al, 2003; Conrad and Leiter, 2004). ebdlin 1999, 69.4% of live births in UK

* Note there is a large literature on the healthelitnof breastfeeding in the medical literaturdjch suggests
that the greatest and most obvious benefits ofstfiesading are for the immediate health and surnd¥ahfant.
With the exception of the Kramer et al (2001) RGfe studies are mainly observational. Ledn-Caval et
(2002) consider the evidence to be fairly compglliAs the epidemiological evidence favouring breasifege

is generally derived from multiple studies in aiesy of situations, the evidence is in sum, conmgic

> Although funded centrally from national taxationHS services in England, Northern Ireland, Scotland
Wales are managed separately. While some diffesehage emerged between these systems in receist year
they remain similar in most respects and are censél as belonging to a single, unified system. The
Department of Health is responsible forthe NHSe T®ecretary of State for Health is the head of the
Department of Health and reports to the Prime Némis

® 1t is likely to be even lower in our data, the gAendesign of which allowed for a disproportionate
representation of families living in areas of chjloverty.

"In 1992, the Winterton Report by the House of CamsnHealth Select Committee released a watersipedtre
on maternity care in Britain, which said that: "Matity Care should no longer be based on the miedtiodel

of care".



attended by midwives compared to 7.65% in US. Mgeeerally, the dynamics of private

markets and competition, together with the lackational health insurance (or other systems
of compulsory health insurance) frame the issuaaofss to maternity care in the US in a
different way from how it is framed in the UK whemecess to health care is secured through

such arrangements (Woodhandler & Himmelstein 2007).

Women giving birth in the UK have limited choiceoalb length of stay after delivery, and it
is mainly supply driven and judged by the midwifée median length of stay for first-borns
with normal deliveries is 48 hours, and 24 hoursskecond-borns. After discharge, postnatal
care is transferred to a Community midwife/heal8iter, a nurse who has had extra training
in child development and health promotion and wiwoks in the community. Health visitors
make home visits in the early days (up to ~10 @dies discharge) and after thagmmunity
midwifery care in is provided at GP surgeries, fghn’ sessions at shopping or community

centres and via Sure Start schemes (DoH, 2007).

2.2 Data

We use three waves of data from the UK Millenniuoh@t Study (MCS), a panel data set
which follows a sample of nearly 18,500 babies tatrthe beginning of the noughti&3he
study's overarching objective is to create a newgitodinal dataset, describing the diversity
of backgrounds from which children born in the nesntury are setting out on life. Four
surveys of MCS members have been conducted sdvi@S1 at 9 months (2000/2001),
MCS2 at three years (2004/05), MCS3 at five ye2096), and MCS4 at seven years (2008).
The next study is planned for 2012.

The sample design allowed for disproportionate egpntation of families living in areas of
child poverty, in the smaller countries of the UKdain areas with high ethnic minority

populations in England. The first survey recordedlétail the circumstances of pregnancy
and birth, as well as those of the early monthslifef and the social and economic
background of the family into which the childrenvBabeen born such as parental
characteristics, employment, childcare, incomeitualits. Subsequent surveys collected
information on parenting activities, child healtiehild cognitive and non-cognitive

development, early education, housing, employmedtimcome.

8 Born between 1 September 2000 and 31 August 20&hgland and Wales, and between 22 November 2000
and 11 January 2002 in Scotland and Northern Idelan
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We use two measures of cognitive ability, basedage-appropriate tests administered to
children themselves. The first is the British AlyilScales (BAS), which is measured directly
from the child at ages 3, 5 and 7 (MCS2,3,4). $ifeent BAS tests have been administered
across the MCS sweep. The BAS Naming Vocabulatyisea verbal scale which assesses
spoken vocabulary (MCS2,3). Children are shownri@sef coloured pictures of objects one
at a time which they are asked to name. The scaasures the children’s expressive
language ability. In the BAS Pattern Constructiogsf] the child constructs a design by
putting together flat squares or solid cubes wikick and yellow patterns on each side
(MCS3,4). The child’s score is based on both spmsdl accuracy in the task. The BAS
Picture Similarity Test assesses pictorial reagpfiMCS3). The BAS Word Reading Test
the child reads aloud a series of words presemedaard (MCS4).

The second measure of cognitive ability is the BeacSchool Readiness Assessment. This is
used to assess the conceptual development of yechidren across a wide range of
categories, each in separate subtests (Bracker2).2MLCS2 employs six of the subtests
which specifically evaluate: colours, letters, namrd#icounting, sizes, comparisons, and
shapes. The test result used is a composite $wed on the total number of correct

answers across all six subtests.

We measure the behavioural development of childussmg with the Strengths and
Difficulties Questionnaire (SDQ). This is a widalged behavioural screening questionnaire
for 3 to 16-year-olds (Goodman, 1997, 2001; GoodnMaltzer and Bailey, 1998). It
consists of 25 items which generate scores for divescales measuring: conduct problems;
hyperactivity; emotional symptoms; peer problemsg g@ro-social behaviour. The child’'s
behaviour is reported by a parent, normally the hagtin the computer assisted self-

completion module of the questionnaire.
We also observe a measure of the relationship leetvitee mother and child at three years

from a self-reported instrument completed by mathbat assesses her perceptions of her
relationship with her child (Pianta, 1992).

3. Identification Strategy



At the heart of our identification strategy is rgadion of the fact that breastfeeding is a skill
that requires learning at an early stage of they'salife in order to be successful. Many
women experience difficulties with breastfeedinipr- instance, Hamlyn et al (2008port
that majority of women (87%) who discontinue breastfagdivould have preferred to feed
for longer but did not, mainly due to problems wiiteastfeeding rather than by choiée.
extensive body of research has demonstrated thdhemso require active support for
establishing and sustaining appropriate breasthgegliactices, particularly in the very early
days of life. There are many studies on the impagaof hospital policies and time
immediately after birth as key determinants of btkgeding success - for instance, skin-to-
skin contact straight after birth (e.g. Renfrewagt2009; Bolling et al, 2005); increased
“Baby-Friendly” hospital practices, and severalastmaternity-care practices (Di Girolamo
et al, 2008; Merten et al, 2005); whether the motten independently attach baby on
discharge and whether or not artificial baby mitkranistered in hospital (McAllister et al,
2009); individualised breastfeeding support andsiency (Backstrom et al, 2010); extra
professional support (Sikorski et al, 2002).

Against this backdrop, we argue in this paper that type of feeding advice and support
differs greatly in hospitals by day of the week,isthsubsequently affects breastfeedirig.
particular, the provision of feeding support is mmlewer at weekends. The reason for this is
that weekend services are more expensive, so dtélospanager allocating resources will
protect essential services at weekends, and clt dracon-essential services such as infant
feeding support, and thus employ less experiendafl.' In particular, as the median
hospital stay after the birth of a baby is 48 hpurs would expect those born on Fridays to
be most exposed to weekend services, followed tgethborn on Saturdays.

This suggests that mothers of babies born earlijnahe weekend are likely to have less
breastfeeding support at hospital, which is likelaffect breastfeeding. This is supported by
evidence from the UK Maternity Users Survey (20@7postal survey conducted on a sample
of around 26,000 mothers around three months gfteng birth, and covering 148 NHS

trusts in England. The survey covered each of Hreet main stages in maternity care:

antenatal care, labour and delivery, and postreatd. Of particular interest here, it asked

° Note that in our sample, 98% of births take pliaca hospital.
Yina guestionnaire completed by random sample @®nurses Workloads, Pay and Morale of Qualified

Nurses in 1994 the proportion in receipt of “Special Duty Paymér(enhanced weekend/public holiday) is
much higher for lower grade nurses.



respondents whether “Thinking about feeding yourybdreast or bottle, did you feel that
midwives and other carers gave you consistent efjwiactical help/active support and
encouragement?” The responses are listed in Tablkeldw, by day of week of birth, and
separately for low and high educated mothers. Tveresting points emerge from the table.
First, looking at the left hand panel, feeding saupjs generally considered by mothers to be
significantly worse on a Friday, and to a lessdeeixa Saturday, compared to Tuesday (the
omitted category). This Friday effect is likelyedto the fact that these mothers are most
exposed to weekend services, compared to all dgnes (median stay in hospital after birth
is 48 hours). Second, this pattern is observedtlier low educated only: for the high
educated, there is no discernible different in eptions of feeding support by

weekday/weekend.

We next show graphical evidence that breastfeedangs by day of the week of birth. Note
before proceeding that throughout the paper, Caasasections and babies placed in
intensive care after delivery are excluded: fonpked Caesareans, birth delivery in this way,
and its timing, may reflect a choice on the parpafents and thus not be exogenous; for
emergency Caesareans, we exclude them in orddetiage concerns that results are driven
by children born at weekends suffering from advergents that might impede their future
development; it is for the latter reason that wem axclude children who went into intensive

care after delivery*

Data used in Figure 1 are from the UK Millenniumh@d Study, a panel data set which
follows a sample of nearly 18,500 babies born a& kfeginning of the noughties and
described more fully in section 3. Note that thioomgt the paper, our sample excludes
multiple births, those who were not born in a htadpthose in special care after delivery, and
planned Caesarean sections. Northern Ireland essexdsluded. We see from the figure that
breastfeeding is noticeably lower on Fridays anthatweekend. Again, it is interesting to
note that this pattern is particularly discernite the relatively less educated (upper panel).
The evidence presented here leads us to focusthamder of the analysis on the relatively
less educated, whose breastfeeding decisions sebendonsiderably more sensitive to birth

timing.

1 Another point to make is that the issues arourmtessful initiation and continuation of breastfegdare
different for babies born through normal deliveapd those born medically through Caesarean setttas®
separated from the mother and placed in intensive after delivery.
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[FIGURE 1 HERE]

Interestingly, when we look at the relationshiplsth parity, we see that the weekend link
holds for both, but in slightly different ways. Hanst-borns, Friday appears to be associated
with lowest breastfeeding; Saturday for second-®ofris is in line with what one would

expect: given that the median length of stay fostfisecond) borns is 48 (24) hours, those
born on a Friday (Saturday) are likely to be mogbased to weekend services. In the
analysis, we pool birth parities to boost sampte sind precision, and control for birth order

throughout.
[FIGURE 2 HERE]

We next depict the relationship between breastfee@ind hour born, in Figure 3, for
relatively less educated mothers. In particular figere displays breastfeeding (y axis)
against the number of hours since Sunday (00:0Yamamls) that the baby was born (x axis),
denoted “elapsed”. The main point to take from figere is that the relationship is non-
linear: breastfeeding rates increase as Tuesdaypagpes, when they peak, and then taper
off right through Saturday. The reason behind gatiern is likely that Monday services are
affected by a potential backlog of issues from weekend; Tuesday births are those least
likely to be exposed to the weekend; from Wednesalayards the probability of being
exposed to the weekend gradually increases, andehe/® observe breastfeeding rates
gradually decreasing. In the estimation, and ii@aar our construction of the instrumental

variable, we take account of this non-linear patter

[FIGURE 3 HERE]

Finally, in Table 2 we compare a rich set of chmastics of those born during the week
(Mon-Thurs) and at the weekend (Fri-Sun). The tdlskt shows that aspects to do with
labour and delivery are very similar, includingidety type, complications, pain relief used,
birth weight of baby. One exception is emergencg<asean sections, which are slightly
more likely to occur during the week rather thawetkends$? Note that we exclude all C-

12 Recall that we exclude planned Caesarean sedtiomsghout the analysis, as they might not be exogs.
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sections from the analysis to alleviate concermg thsults are driven by children born at
weekends suffering from adverse events that migipede their future developméritThe
table further shows socio-economic characteristitsnothers, such as type of housing,
employment, receipt of benefits, age. Again, thietéeaves no cause for concern in terms of
balancedness of weekend and weekday births, suggesdtongly that the event is indeed
random.

[TABLE 2 HERE]

Though it is reassuring to note that the hospitaihbexperiences and socio-economic
characteristics are very similar across weekendvasekday deliveries, we control for all of
these variables throughout the estimation. It igti@darly important to control for all

measures relating to labour and delivery, which might argue affect children’s subsequent
development, due to affecting maternal ability &mecfor the baby in the time immediately
after birth, for instanc& In this way, we are confident that we are isoptine effects of

breastfeeding on children’s development, from tifieces of hospital birth experiences more

generally.

4. Estimation and Results
4.1 Methodology
In order to estimate the causal effects of breadifig on child’s outcomes, we estimate the

following linear model

Outcome= ap + ayBreastfed_90+ axX; + g; (2)

where Outcome is the outcome variable of chid(cognitive/non-cognitive development),
Breastfed_90is a binary variable that takes the value 1 ifcchihas been breastfed for the
first 90 days of life and O otherwiSe X; is a vector of covariates (including a rich set of
variables associated with the characteristics efitinth, as shown in Table 1), andis an
error term which includes unobserved charactesstaevant for the child’s development.

The parametet; measures the effect of being breastfed for 90 dayshild i's outcomes.

13 Another reason for excluding C-sections is thatitistrument is less likely to bite for them as raachospital
stay tend to be longer.

1% Recall that we exclude babies who were put inigpeare after delivery, approximately 9% of thenpée, as
they are likely to be very different from the redgtthe sample, particularly in relation to breastimg and
development.

15 Note that we do not distinguish between exclusive non-exclusive breastfeeding due to data contstra
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Estimation of equation (1) may be biased becausd@reh who have been breastfed are likely
to have different unobserved characteristics coegpao children who have not been
breastfed, resulting in a correlation between tteastfeeding variabl&reastfed_90and the

error termg;. For instance, children who are breastfed mighehan average, mothers who
are more willing to obtain information on child’swklopment, or who might be more

inclined to invest in their child’s development.

In order to address the potential endogeneitBrefastfed 90 we construct an instrumental
variable for it, based on the timing of birth asalissed in section 3. The variali¢apsed
is constructed as

Elapse@=24*DayBirth;+HourBirth;
whereDayBirth is day of the week of birth that child i was bonhere 0 is Sunday and 6 is
Saturday, andéHourBirth; is the hour of birth of child i in 24 hour formandElapsedis the

number of hours that have elapsed since Sunday@®x@nd the birth of child i.

For the estimation, we follow Wooldridge (2002,62.3) and Angrist and Pischke (2008, p.
191), and use a non-linear two-stage estimator ($TBereon) where we first estimate a
Probit model ofBreastfed_90over X; and a cubic polynomial iklapsed (non-linear first
stage):

Breastfed_90= 3o + P(1,Elapseq) + 32X +u;, (2)

where P(.) represents a cubic polynomidEiapseg in order to accommodate the non-linear

shape shown in Figure 2. We denoteBpyhe fitted probabilities defined as:

B, = ®[By + P(By, Elapsed;) + B,Xi|
where B, B1. B, are the Probit estimates from equation (2), &id is the cumulative

distribution function of the standardized normal.

We next estimate equation (1) using Instrumentalates, using XandB; as instruments,

in order to identify the causal effects of breamtiag on outcome¥. There are several

16 See Windmeijer and Santos Silva (1997) for anyespplication of this estimator within a count datadel.
See Attanasio et al (2012), Mogstad (2012) for mépplications of this method.
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advantages to using this two-stage method instéagtandard Two Stage Least Squares
(TSLS) which uses a linear rather than a non-lifiiesir stage. The most important is that if
the predictions from the first-stage Probit modetjyation (2) above) provide a better
approximation toBreastfed 90than a linear model, the resulting IV estimates @ore
efficient than those that use a linear first stagelel (Newey, 1990 A second advantage is
that the consistency of the estimator does notriépe the Probit model being correct, and
the IV standard errors do not need to be corre§Wwdoldridge, 2002). Clearly, this
procedure using nonlinear fitted values as instnisy@mplicitly uses nonlinearities in the
first stage as a source of identifying informat{&mgrist and Pischke, 2008). However in our
case, we will show that most of the point estimatiag; obtained using; as instruments are
close to those obtained using TSLS (which usegeatifirst stage), which implies that our

results are not driven by the nonlinearities offthst stage.

4.2 First stage estimation

Table 3 shows the results of Probit and OLS regyassof Breastfed_90over a cubic
polynomial in theElapsedvariable and the set of covariates, X, estimatedt the sample of
low educated motherShe relevant coefficients are those of the cubitynmmial of the
Elapsedvariable as this polynomial is later excluded frtme second stage regression and
hence drives the identification of the instrumenatiables estimates. The models show a
pattern as that of Figure 2: essentially a U-shagbation but the curve is flatter for high
values ofElapsed(as driven by the cubic term of the polynomial). détling the non-linear
relationship is important as a simple linear terould yield hardly any regression between

Elapsedand the probability of breastfeeding for at ledstiays.

The three terms of thElapsedpolynomial are significant at either 5% or 10%g dhe P-

value of the joint significance of the terms of gp@ynomial is 0.029. While our preferred
estimation method is NTSLS which uses the Probitehas first stage, we also report the
estimates obtained using OLS as customary in ntasies using instrumental regression
(Staiger and Stock, 1997). The F-test of joint gigance of the terms of the polynomial is 3,
which is below the critical values reported in &@nd Yogo (2005). However, it has been

recognized that the use of first stage F-statistiassess the quality of the instruments has

" The Monte Carlo analysis in section 5 will shoattthese gains are very large.
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important limitations (Hahn and Hausman 2003; Camx Moreira, 2005; Angrist and
Pischke 2008, p.215). In particular, the size aodgy of the tests are not only sensitive to
the explanatory power of the instruments, but thieyalso sensitive to other parameters such
as the degree of endogeneity of the explanatoriabar (Hall, Rudebusch, and Wilcox
1996). For example, Cruz and Moreira (2005) caraiabimeaningful inferences with F-
statistics as low as 1.93. Moreover, the critiabes in Stock and Yogo (2005) are obtained
for TSLS for a continous endogenous variable while use NTSLS which has some
optimality properties for discrete endogenous \deis as indicated above. In section 5 we
report the results of a Montecarlo analysis witlm sample which indicates that our point

estimates are conservative, and the confidencevaigschave the right coverage.

4.3 Results

Estimates of the effects of breastfeeding on chidr cognitive and noncognitive
development are shown in Table 4, at ages 3 (toylpab (middle panel) and 7 (bottom
panel). As discussed in section 2, the measuresgfitive development at age 3 are based
on the British Ability Scales (BAS) and the Brack&chool Readiness test. We find large and
significant effects of breastfeeding on both meesu®.42 of a standard deviation for BAS,
and 0.47 of a standard deviation for the Brackeh fEhe third column of the upper panel
shows the effects on noncogitive development, assored using the Strengths and
Difficulties questionnaire described in sectionTBe effects on this are also large, at 0.58 of
a standard deviation. The final column shows théhersto-child relationship, as measured
according to the Pianta scale, a self-reportedunstnt completed by mothers that assesses
her perception of their relationships with theinsand daughters. We detect no effect of
breastfeeding on this outcome.

[TABLE 4 HERE]

We next consider the effects at age 5, shown imtidkelle panel of Table 4. Whilst the point
estimates for the three cognitive outcomes (BASupés, BAS vocabulary, BAS patterns)
are still large, they are less precisely estimatadi not statistically distinguishable from zero.
Interestingly, the point estimate for the noncaogeitoutcome in column (4) has dropped
considerably to 0.15 of a standard deviation. Bg & (bottom panel), the effects on

development have petered out and we detect noreed® effects at this age.
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In Table 5 we show corresponding estimates usiaigdstrd TSLS (with a linear first stage)
for comparison. The first thing to note is that s@ndard errors of TSLS are more than twice
the ones of NTSLS. The gain in precision of NTSL&wanticipated in section 4.1 when we
discussed the optimality properties of NTSLS (andill also be clear from a montecarlo
exercise that will follow). The point estimates NTSLS are roughly similar to those of
TSLS, especially in the top panel (given that TS®ibit very large standard errors, one
should also expect some substantial differencesdore outcome variables). This means that
the identification of the parameter of interesh@t driven by the non-linearities embedded in

the first stage Probit model, but the variation edded irElapsed

[TABLE 5 HERE]

Finally, note that the OLS estimates, shown in &ab) are in most cases statistically
significant, and always considerably lower than iMeestimates. This finding of the local

average treatment effect (LATE) parameter estimbietl/ exceeding the OLS parameter is
common (and is in line with, for instance, the retuto education literature). We provide
further discussion of this in section 6. The fdwtithe NTSLS estimates are substaintially

different from the OLS inform us that a weak ingtent problem is not prevalent here.

[TABLE 6 HERE]

5. Montecarlo simulation

The NTSLS is relatively new in empirical practicedastandard 1V specification tests (i.e.
weak instrument tests) do not apply to it. Desghie optimality properties of the NTSLS as
referred to above, there is not much evidence ®fintte sample properties. In this section
we report the results of a montecarlo exerciseedonl about the finite sample properties of
the NTSLS. To keep results informative for our studle use exactly the same sample and
variables Elapsed X;) used in the previous section. In particular, tHisves us to explore
whether our instrument is strong enough to prouslevith confidence intervals or the right

coverage and unbiased point estimates, and iimuothat direction the bias goes.
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The montecarlo design keeps the sample of (N=4T3diyiduals and Xand Elapsed

variables fixed. In each of the 500 montecarloicag, the following steps are takéh:

Step 1:{5}, 1§i}iv=1draws of the bivariate normal distribution with iamrces ¢2,1) correlation
coefficientp are obtained.

Step 2:Using the values ¢,, 3,, 8, estimated using the first stage Probit model atise
4.2 (Table 3, column 1), we simuldeeastfed_90as

Breastfedgy,=1|f, + P(B1, Elapsed;) + f,X; + 9; > 0]

Step 3:.Using the values of,, &,, &,,and 62, estimated using the NTSLS (second stage)
in section 4.3 (Table 4, column 1, top panel), wmeutate Outcomeas

Outcome1 = @, + @,Breastfed 90, + &, X; + &;

Step 4:Using the 4730 observations @&flapseq X; , Outcome1, and Breastfed_90, ,
equation (1) is estimated using NTSLS and TSLShtmia &@)":and &@7S%*. The variable
Covered™"5(Covered® takes value 1 it}7SLS (@7S%) is not statistically different from
@, at 95% confidence. In other word3pvered™>"°(Covered®"j takes value 1 if the 95%
confidence interval fora™SLS (@TSL%)includes the true parametef;. The values of
alTsLs aTsLs  Covered™°, andCovered®-®are saved. In this step, we also compute the
OLS estimator of equation (1) and ke&>.

4TSS and Covered®® are

After the 500 montecarlo replicas, the averageLofere
obtained to compute the coverage of the confidantervals of the NTLS and TSLS
estimators, as well as the mean and variance o5@evalues obtained @tN"S:,alsLSto
compute the bias and mean square error of botima&stis. The results are contingent on the
value ofp used in Step 1. We try different valuespofind choose the ong E-0.24) for

which the average @t?“*across the 500 montecarlo replicas is close t@®ih® estimator of

alin equation (1). So, the average correlation betwBeeastfed_90; and Outcome;
(simulated data) should be the same as in the ladaia. Table 7 shows that the main

moments of the simulated variables are very siniddahe moments of the actual data.

18 For ease of notation, we omit the montecarlo capiubscript.
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Table 8 reports the mean square error, bias, va@iamd confidence interval coverage of
alTStSand a5 when we choose British Ability Scale (at age @)tcome The Mean
Square Error of the NTSLS is about 10% of the M8gnare Error of TSLS. This very large
difference in the Mean Square Error comes fromrg lege difference in the variance. As
our discussion in section 4.1 indicated, NTSLS isrenefficient than TSLS, and this
translates into a much lower variance as well agtestimated standard errors as it is clear
when we compare Tables 4 and 5. The NTSLS seels toore biased than TSLS (the bias
of NTSLS is -0.089 =0.3340-0.423, while the biasdl8LS is -0.0187= 0.4043-0.423) at but
this difference is bias in not enough to compengatehe much larger variance of TSLS.
Consequently the Mean Square Error, the standaterion to chose among estimators,
favours NTSL over TSLS by large. More importanttyen if NTSLS is biased, it is biased

towards zero, which means that our NTSLS pointrestiés are conservative.

[TABLES 7, 8 HERE]

It is known that the coverage of confidence intev@an be affected by weak instrument
problems. In our case, the montecarlo simulati@i the confidence interval obtained using
NTSLS attains almost the nominal level of coveré@®85). In other words, the 95% NTSLS
confidence intervals include the true parameteroatn®5% of the times (precisely, 93.8%).

So, this does not seem to be a concern for our case

6. Robustness

A possible criticism of our identification strategythat if it is the case that less experienced
staff was more likely to work over the weekend, amathers had more traumatic deliveries,
this could affect the mother to child relationshgmd consequently their future interaction
and investments. However, Table 4 shows that thet mstimate of the Mother-to-Child

relationship score is quite small (0.08) and natistically different from zero.

7. Discussion

In this paper, we have estimated fairly sizeabl@aaots of breastfeeding on children’s
cognitive and non-cognitive development at age BaWWve have identified are local average
treatment effects (LATE), relating to the set ofliinduals affected by the instrument

(“compliers” — see Angrist, 2004). The IV estimate® larger than the OLS ones, which
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likely reflects the fact that the marginal indivals affected by the instrument are those who
breastfeed only if they receive adequate supporevat hospital, and who are unlikely to
make tradeoffs so as to receive support from osioerces as the child grows. So it is
plausible to expect that children of these motllisnot receive as many investments in the
future compared to children of non-marginal moth@itsus breastfeeding represents a very
important input into these children. In line withig, the observed effects are large, in the
region of half a standard deviation for both cogeitand noncognitive development.
However, despite being large, they are in line wighmates obtained by Kramer et al (2008),
who find effects at age 6.5 years in the region8.6fof a standard deviation (sd) for verbal
IQ, 0.2 of a sd for performance 1Q, and 0.5 if af@dfull-scale 1Q. Their study involved
randomising a breastfeeding promotion interventtbat increased hospital support in
Belarus, so their compliers are mothers who breadtbnly if adequate support is obtained,

and who thus share features with ours.

8. Conclusion

This paper has estimated the effects of breastigdttr at least the first three months of life)

on children’s cognitive and noncognitive developmgmto the age of 7. It has used variation
in timing of birth, which we argue is random (withe exception of planned Caesarean
sections, which are excluded) as a predictor cdgifeeding. The reason for this is that births
that occur at or just before the weekend benefimfrfewer non-essential services,

particularly breastfeeding support, and this affesstme mothers decision and/or ability to
breastfeed - in particular, mothers with lower @&sceo support and information regarding
child development. This marginal group represeritesé less likely to make other

investments into child development in the future,tsose for whom breastfeeding may
represent a particularly important input. Using déta, we find that breastfeeding has large
effects, in the region of half a standard deviatiom children’s cognitive and noncognitive

development at age 3. There is some evidencetlipae effects are sustained until age 5

though they are less precisely estimated, but ky7aipey have petered out.
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Table 1. Feeding support at hospital, by day of week of birth.

Low Educated Mothers High educated Mothers
Day of . .
week of Consistent Practical Active support Consistent Practical Active support
. . and . and
birth advice help advice help
encouragement encouragement
Sunday 0.0251 0.00654 0.00685 -0.00655 0.0149 0.00644
[0.0214] [0.0230] [0.0226] [0.0140] [0.0139] [0.0135]
Monday 0.0220 0.0213 0.0242 0.00697 0.0128 0.00611
[0.0219] [0.0235] [0.0232] [0.0137] [0.0135] [0.0132]
Wednesday 0.0140 0.0150 0.00509 0.0157 0.00871 0.00912
[0.0213] [0.0230] [0.0225] [0.0136] [0.0135] [0.0132]
Thursday 0.0151 0.0103 0.00313 0.000959 0.00366 -0.00517
[0.0218] [0.0235] [0.0230] [0.0136] [0.0134] [0.0131]
Friday -0.0750"*  -0.0636*** -0.0625*** -0.00151 0.00844 0.00391
[0.0215] [0.0231] [0.0227] [0.0135] [0.0134] [0.0131]
Saturday -0.00668 -0.0456* -0.0286 0.0145 0.0196 0.0125
[0.0215] [0.0231] [0.0227] [0.0137] [0.0135] [0.0132]
Sample 4,914 4,772 4,813 12,946 12,580 12,820

Notes to table: Source Maternity Users Survey 2007. The low educated sample includes those who left full-time
education at age 16 years or less; the high educated sample includes those who left full-time education at age 17 or
above. Note that Caesarean sections (both emergency and planned) are excluded throughout. Sample covers England,
and relates to 148 NHS trusts. Coefficients reported from an OLS regression of the variable listed in the left hand column,
on day of the week of birth (Tuesday omitted category).



Table 2. Sample Balance, Low Educated
Fri-Sun Mon-Thurs t-stat diff

Labour induced? (Y/N) 0.304 0.309 -0.331
Type Delivery:
Forceps 0.040 0.037 0.408
Vacuum 0.064 0.065 -0.103
Emerg C-section
Other 0.009 0.009 -0.158
Pain relief:
Gas and air 0.808 0.798 0.786
Pethidine 0.370 0.367 0.216
Epidural 0.201 0.198 0.221
General anaesthetic 0.003 0.002 1.078
TENS 0.084 0.079 0.522
Compilication:
None 0.748 0.751 -0.212
Breech 0.003 0.004 -0.927
Other abnormal 0.020 0.021 -0.262
V long lab 0.051 0.047 0.503
V rapid lab 0.031 0.025 1.139
Foetal distress (heart) 0.080 0.075 0.621
Foetal distress (meconium) 0.035 0.043 -1.460
Female 0.523 0.496 1.766
Birth weight (kg) 3.373 3.364 0.634
Premature 0.046 0.042 0.575
First ante-natal was before:
0-11 weeks 0.422 0.402 1.296
12-13 weeks 0.326 0.345 -1.308
> 14 weeks 0177 0.188 -0.874
Mother’s age 26.815 26.837 -0.118
Live in house 0.843 0.850 -0.624
# rooms 5.066 5.094 -0.669
Own outright 0.029 0.027 0.399
Rent from Local Authority 0.274 0.275 -0.069
Rent from Housing Association 0.094 0.099 -0.603
Rent privately 0.097 0.082 1.677
Live with parents 0.056 0.050 0.871
Live rent free 0.012 0.017 -1.218
DV open fire 0.036 0.035 0.101
DV gas/elec fire 0.307 0.305 0.159
DV central heating 0.879 0.904 -2.531
DV no heating 0.012 0.007 1.716
Own computer 0.421 0.412 0.592
Own/access to car 0.770 0.747 1.689
In paid employment during 0.506 0.533 1.740
pregnancy
Self-employed during pregnancy 0.027 0.019 1.700
Receives child tax credit 0.138 0.145 -0.666
Receives WFTC 0.260 0.247 0.991
Receives income support 0.267 0.277 -0.702
Receives JSA 0.040 0.044 -0.726
Sample size 4242

Notes to table: Source Millennium Cohort Study. Low educated include mothers with < NVQ
level 2, or those whose NVQ level is unknown but left school before 17.

Sample excludes Caesarean sections (either emergency or planned) and children that went
into intensive care.



Table 3. First stage. Breastfed for 90 days

(1) (2)
Probit

coefficients  OLS coefficients

Elapsed 0.0105** 0.0027**
(0.0049) (0.0012)

Elapsed”*2 -0.000134** -3.62e-05**

(6.82E-05) (1.79E-05)
Elapsed"3 4.35E-07 1.22e-07*

(2.68E-07) (7.04E-08)
P-Value Joint 0.01 0.02
F-stat 3.203
Observations 4,241 4,241

Notes to table: Dependent variable is whether the child

was breastfed for at least 90 days. Sample comprises
Low educated include mothers (NVQ level 2 or less, or
those whose NVQ level is unknown but left school before

17), but excludes children born through Caesarean

sections (either emergency or planned) and children that
went into intensive care. Data source: Millennium Cohort

Study. All other controls are also included
*** p<0.01, ** p<0.05, * p<0.1.



Table 4. Non-Linear TSLS Estimates of Breastfeeding on Developmental Outcomes

(1) (2) HE) 4) (5)
Top Panel: 3 Years Old
Mother to
British Ability School Strength and Child

Scales Readiness Difficulties  Relationship
Breastfed 90 days 0.549** 0.665*** 0.492* 0.150

(0.231) (0.254) (0.269) (0.269)
Observations 4,241 4,029 4,158 4,547

Middle Panel: 5 Years Old

British Ability British Ability  British Ability

Scales - Scales - Scales - Strength and Foundation

Pictures Vocabulary Patterns Difficulties ~ Stage Profile
Breastfed 90 days 0.529* 0.536** 0.658** 0.0994 0.199

(0.293) (0.262) (0.301) (0.283) (0.309)
Observations 4,384 4,378 4,364 4,243 3,558

Bottom Panel: 7 Years Old

British Ability British Ability  British Ability

Scales - Scales - Scales - Strength and
Maths Words Patterns Difficulties
Breastfed 90 days 0.390 -0.0255 0.580** 0.402
(0.298) (0.275) (0.286) (0.265)
Observations 3,702 3,651 3,685 3,639

Notes to table: Dependent variable (standarized) is defined at the heading of each column-panel
combination. Sample comprises Low educated include mothers ( NVQ level 2 or less, or those whose NVQ
level is unknown but left school before 17), and excludes children born through Caesarean sections (either
emergency or planned) and children that went into intensive care. Data source: Millennium Cohort Study.
All other controls are also included. *** p<0.01, ** p<0.05, * p<0.1.



Table 5. TSLS Estimates of Breastfeeding on Developmental Outcomes

(1) (2) (3) 4) (5)
Top Panel: 3 Years Old
Mother to
British Ability School Strength and Child
Scales Readiness Difficulties Relationship
Breastfed 90 days 0.454 0.420 -0.228 0.578
(0.671) (0.681) (0.699) (0.663)
Observations 4,241 4,029 4,158 4,547
Middle Panel: 5 Years OIld
British Ability ~ British Ability  British Ability
Scales - Scales - Scales - Strength and  Foundation
Pictures Vocabulary Patterns Difficulties  Stage Profile
Breastfed 90 days 0.673 0.173 0.411 0.409 -0.254
(0.747) (0.643) (0.709) (0.679) (0.721)
Observations 4,384 4,378 4,364 4,243 3,558
Bottom Panel: 7 Years Old
British Ability
British Ability ~ British Ability Scales - Strength and
Scales - Maths Scales - Words Patterns Difficulties
Breastfed 90 days 0.119 0.117 -0.280 0.382
(0.667) (0.610) (0.667) (0.582)
Observations 3,920 3,869 3,903 3,850

Notes to table: Dependent variable (standarized) is defined at the heading of each column-panel combination.
Sample comprises Low educated include mothers ( NVQ level 2 or less, or those whose NVQ level is
unknown but left school before 17), but excludes children born through Caesarean sections (either
emergency or planned) and children that went into intensive care. Data source: Millennium Cohort Study. All
other controls are also included. *** p<0.01, ** p<0.05, * p<0.1.



Table 6. OLS Estimates of Breastfeeding on Developmental Outcomes

(1) (2) (3) 4) (5)
Top Panel: 3 Years Old
Mother to
British Ability School Strength and Child
Scales Readiness Difficulties Relationship
Breastfed 90 days 0.0890*** 0.0891** 0.145*** 0.00364
(0.0326) (0.0355) (0.0340) (0.0326)
Observations 4,241 4,029 4,158 4,547
Middle Panel: 5 Years OIld
British Ability ~ British Ability  British Ability
Scales - Scales - Scales - Strength and Foundation
Pictures Vocabulary Patterns Difficulties  Stage Profile
Breastfed 90 days 0.101*** 0.0669** 0.0519 0.0802** 0.0876**
(0.0356) (0.0331) (0.0356) (0.0346) (0.0355)
Observations 4,384 4,378 4,364 4,243 3,558
Bottom Panel: 7 Years Old
British Ability
British Ability ~ British Ability Scales - Strength and
Scales - Maths Scales - Words Patterns Difficulties
Breastfed 90 days 0.129*** 0.0737* 0.0985** 0.114***
(0.0379) (0.0374) (0.0394) (0.0366)
Observations 3,920 3,869 3,903 3,850

Notes to table: Dependent variable (standarized) is defined at the heading of each column-panel
combination. Sample comprises Low educated include mothers (NVQ level 2 or less, or those whose NVQ
level is unknown but left school before 17), but excludes children born through Caesarean sections (either
emergency or planned) and children that went into intensive care. Data source: Millennium Cohort Study. All
other controls are also included. *** p<0.01, ** p<0.05, * p<0.1.



Table 7. Non-Linear TSLS Estimates of Breastfeeding on Child Investments

(1 (2) (3) 4) (5) (6) (7)
Spends
plenty of Read to More than Home Home
time with child Regular  Regular 3 hours learning learning
child every day Bedtime Mealtime TV Environment Environment
Breastfed 90 days -0.0630  -0.0884 0.113 0.0905 -0.131 1.154 2.568
(0.117) (0.138) (0.138) (0.141) (0.119) (2.107) (2.138)
Wave 2 2 2 2 2 3 4
Observations 4,547 4,547 4,547 4,547 4,547 4,424 3,756
Mean 0.734 0.463 0.378 0.457 0.249 24.57 21.18
Standard Deviation 7.285 7.542

Notes to table: Dependent variable is defined at the heading of each column-panel combination. Sample comprises
Low educated include mothers ( NVQ level 2 or less, or those whose NVQ level is unknown but left school before 17),
but excludes children born through Caesarean sections (either emergency or planned) and children that went into
intensive care. Data source: Millennium Cohort Study. *** p<0.01, ** p<0.05, * p<0.1. All other controls are also
included



Figure 1 Breastfeeding by day of week of birth

Percentage Children Breastfed up to 90 days

Breastfeeding and Day of Birth, Low Educated

Excl All C-sections and Children in special care
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Notes to figure: Source Millennium Cohort Study (wave 1). Low educated include
mothers with < NVQ level 2, or those whose NVQ level is unknown but left school
before 17. High educated include mothers with NVQ level 3 or higher. Breastfeeding
refers to whether or not the baby was breastfed for at least three months.




Figure 2. Breastfeeding by day of week of birth and birth parity
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Figure 3. Breastfeeding by hour born, Low Educated

Breastfeeding and Time/Date of Birth Relative to Sunday

Low educated. Excludes C-sections and Children in Intensive Care
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'ELAPSED'": Difference (in # hours) b/w Sunday 00:01am and when child was born

Notes to figure: Source Millennium Cohort Study. Low educated include mothers with
<NVQ level 2, or those whose NVQ level is unknown but left school before 17.
Sample excludes planned Caesarean sections.



