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Abstract

What was the relationship between breastfeeding and cohort health in the past? We ex-
amine this question using a rich new source of longitudinal data on nearly 1,000 children
from London’s Foundling Hospital (1892-1919). Specifically, we test the association be-
tween the feeding regime in infancy and subsequent health, as manifested in mortality
risk and anthropometric growth at later points in childhood and adolescence. We find
that breastfeeding was positively associated with both survival and weight-for-age in
infancy, with scarring dominating culling on net. However, infant-weight gradients in
catch-up growth ensured that by mid childhood, these initial feeding-related health
differentials had disappeared.
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1 Introduction

Current infant feeding guidelines recommend that infants are breastfed exclusively for the

first six months of life, and alongside complementary foods through at least the age of two

(American Academy of Family Physicians, 2008; Horta and Victora, 2013a; World Health

Organization, 2016). These recommendations are based on modern findings that link breast-

feeding to a number of positive health outcomes, including successful cognitive and immune

development and lower risk of mortality, overweight, and chronic disease (Victora et al.,

2016). Thus, policy organizations have placed renewed emphasis on raising breastfeeding

rates as a means to achieving a range of development priorities (Elder, 2016; Rollins et al.,

2016; UNICEF, 2016). Despite the importance placed on breastfeeding today, few historical

studies have analyzed the relationship between breastfeeding and cohort health in the long

run. This, in turn, is largely because it is very difficult to find detailed and comprehensive

information on infant feeding practices in the past. Indeed, much of the historical evidence

on early-life feeding and population health is impressionistic, and derived from rough com-

parisons of aggregate trends. For instance, there is some evidence that the incidence and

duration of breastfeeding were high in the UK in the early twentieth century, but that these

rates fell precipitously across the first half of the twentieth century to an eventual low in

the 1960s (Hoddinott et al., 2008; Wharton, 1982). This trend, which stood in opposition to

contemporaneous trends in cohort health—e.g., rising heights and declining infant mortality

rates—led to an assumption that breastfeeding was unlikely to have been an important input

to health over this period (Woods, 2000). Although recent work such as Fildes (1998) and

Reid (2002) has interrogated this assumption more carefully, finding that breastfeeding was

associated with lower rates of post-neonatal mortality, there are to our knowledge no studies

that analyze the relationship between breastfeeding and other important indicators of cohort

health—namely, anthropometric measures.

As with many other measures of early-life conditions, the net association between breast-

feeding and cohort health is an empirical question: it depends on the relative strength of
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culling and scarring at the cohort level (Bozzoli et al., 2009; Deaton, 2007). If breastfeed-

ing lowers mortality risk, then ceteris paribus, we should observe worse health outcomes for

breastfed children, since more children of low health status would survive into childhood. If

breastfeeding improves health status or ameliorates a poor disease environment, then absent

any culling, we should observe better health outcomes for breastfed children. Of course, we

might expect that breastfeeding is related to both survival and health status.

Thus, we develop a new historical cohort study from the records of the Foundling Hospital,

an orphanage in turn-of-the-century London. The Foundling Hospital accepted first-born,

illegitimate children of “respectable” mothers, who surrendered their children to the care of

hospital staff until they came of age. These members of staff included medical professionals

who not only provided care but also kept meticulous documentation of the children’s health

at the time of admission and throughout their stay in the institution. The records they

produced yield what is to our knowledge one of the oldest and richest datasets available to

study infant, child, and adolescent health in a historical setting. Crucially, the hospital staff

recorded details of the children’s pre-admission circumstances, including details of the type

and duration of feeding received, providing us a rare window into the association between

infant feeding and post-weaning health. Although breastfeeding may be related to other

potentially very important dimensions of health such as chronic disease morbidity or cogni-

tion, we focus on anthropometric measures of health, which proxy net nutritional status and

were recorded in detail by hospital staff at multiple points in the child’s stay.1 In particular,

we test for differences in post-weaning anthropometric outcomes—including weight-for-age,

height-for-age, and growth in these outcomes—by the feeding regime prior to admission,

namely, exclusive breastfeeding, supplemented breastfeeding, and never breastfeeding.

We analyze this new cohort dataset to answer two important and related questions about

the association between early-life feeding practices and subsequent health. First, we ask

whether there is evidence of feeding-related culling and/or scarring, and if so, which of

1Since in our data we observe height, weight, and survival, we would only capture the relationship between
breastfeeding and these other dimensions of health insofar as they manifest in these three outcomes.
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these forces dominated. Knowledge of the net association will help us understand how to

interpret the contribution of changes in breastfeeding to trends in cohort health over time—

for instance, would the upward trend in cohort health have been more or less steep in the

absence of falling breastfeeding rates across the twentieth century? The second question we

ask is the extent to which recovery from early-life nutritional insults was possible in a period

before the discovery of antibiotics and the establishment of modern medical infrastructure.

We test this by examining the differential health trajectories of children of different pre-

admission feeding regimes, upon entry to an institution which provided a major improvement

in both nutrition and quality of care.

Evidence from our historical cohort study suggests that on net being breastfeeding was

positively associated with anthropometric measures of health in infancy: that is, the scarring

channel (in this case, breastfeeding’s attenuation of scarring related to the broader early-life

environment) dominated any culling. Although we do find that breastfeeding was associated

with lower mortality risk in infancy, consistent with the potential for culling, we find little

evidence of selective mortality based on an observed health threshold: the infant deaths that

occurred between admission to the Foundling Hospital and the age of one were drawn from

across the distribution of admission weight-for-age in all infant feeding groups. If this same

pattern was also true of any deaths occurring prior to admission, then these results suggest

little scope for systematic culling in driving the observed association between pre-admission

feeding regime and health status at admission.

Although breastfeeding was associated with an attenuation of environmental scarring

in infancy, any scarring related to infant feeding appears to have been short-lived: after

conditioning on early-life measures of health (i.e., anthropometrics or survival in infancy),

there were no persistent differences in later health outcomes by feeding regime. In addition,

by early childhood, the infant feeding regime was no longer associated with mortality risk.

We also find that catch-up growth in childhood completely erased any earlier differences in

infant weight-for-age by feeding regime. Indeed, children who were not exclusively breastfed
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experienced greater catch-up growth than exclusively breastfed children of the same infant

weight-for-age. Thus, it seems that the many positive interventions provided by the hospital

were able to substantially ameliorate any initial deficits in health status associated with

pre-admission feeding.2

These findings have important implications for the history of improvements in cohort

health across the twentieth century. First, we show that scarring related to early-life feeding

clearly dominated culling. This suggests that declines in breastfeeding across the twentieth

century may have slowed the improvement in cohort health over the same period. However,

the children’s response to the Foundling Hospital’s health interventions suggest that initial

differences in health status related to infant feeding could be overcome with proper nutrition

and medical care—conditions of the like that would become more accessible and common-

place later in the twentieth century. Thus, it is likely the case that infant feeding became less

and less important for cohort health across the twentieth century, as other general health

conditions improved.3

The paper proceeds as follows. Section 2 presents background on the modern literature

on breastfeeding and health, as well as on historical infant feeding practices in our setting.

Section 3 describes the Foundling Hospital cohort dataset. Section 4 analyzes outcomes in

infancy by feeding regime, with special attention to the relative importance of scarring versus

culling, while Section 5 analyzes outcomes in childhood and adolescence, and discusses the

process of recovery from earlier scarring. Section 6 provides discussion and concludes.

2A more detailed discussion of the health interventions provided by the Foundling Hospital is provided
in Section 5.

3Again, we can only speculate on anthropometric outcomes as a proxy for cohort health, and cannot
extend this argument to other benefits that may arise from breastfeeding such as improved cognitive or
non-cognitive skills.
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2 Related Literature

2.1 Breastfeeding, Scarring, and Culling

Breastfeeding—which can represent a bundle of maternal investments including breast milk,

maternal time, and physical contact—is thought to be important to a range of health and

wellbeing outcomes, including metabolism, cognitive function, and immunity (Feachem and

Koblinsky, 1984; Horta and Victora, 2013a,b; Victora et al., 2016; World Health Organiza-

tion, 2000). Although few of these studies offer causal evidence of the impact of breastfeeding

on health, with papers like Kramer et al. (2007) and Jayachandran and Kuziemko (2011)

being notable exceptions,4 there has been a renewed push to increase breastfeeding rates

around the world, and to extend exclusive breastfeeding to six months (Rollins et al., 2016;

Victora et al., 2016).

Because our study is focused on cohort-level patterns in anthropometrics, we are inter-

ested in how breastfeeding might be related to two health outcomes in particular: mortality

risk (the culling channel) and growth (the scarring channel). Together, these form two op-

posing components of the net association we wish to estimate. Because it is difficult to

observe these two effects separately, the literature often discusses the net effect of scarring

and culling, and we adopt the same approach. However, the question of how these competing

forces might manifest on net in cohort health is unclear a priori. One prominent literature

that has grappled with this issue—that which compares measures of the disease environment

in early life to later-life stature—has shown that empirically, it is possible for either culling

or scarring to dominate. For instance, in a very poor setting, Deaton (2007) finds a positive

association between the early life disease environment proxied by infant mortality rates and

adult height. These findings suggest that culling related to a poor disease environment is

4The fact that the bulk of this literature rests on observational studies may matter insofar as breastfeeding
is rarely randomly assigned, increasing the potential for omitted and confounding variables, as well as issues
of reverse causality (Victora et al., 1991). In studying cohort-level differences in health, in establishing little
selectivity into feeding type based on maternal characteristics, and in employing a large set of controls, we
attempt to mitigate some of the concerns related to observational studies of breastfeeding.
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strong enough to overwhelm any scarring related to early-life disease exposure. This find-

ing is bolstered by evidence from the Great Chinese Famine, which showed strong selection

effects (Gørgens et al., 2012). In contrast, historical studies of England and Europe, which

like Deaton (2007) share high levels of infant mortality, show that in these contexts scarring

was much more prominent than selection (Bailey et al., 2016; Hatton, 2011, 2014). Bozzoli

et al. (2009) also find that scarring has been more dominant in Europe and the United States

since the 1950s, albeit in a period when post-neonatal mortality fell from already relatively

low levels.

Is there a clearer answer as to the relative strength of culling and scarring responses to

breastfeeding? When considering modern studies of breastfeeding, there is ample evidence

to suggest that the culling channel may be active. Breastfeeding is related to lower con-

temporaneous (i.e., as opposed to post-weaning) mortality risk in infancy. This beneficial

relationship with survival is thought to operate through immunodevelopment and disease re-

sistance, particularly to gastrointestinal and respiratory infection (Fink et al., 2015; Isaacs,

2005; Morrow et al., 2005; M’Rabet et al., 2008). Another related virtue of breast milk is

purely mechanical: when fed exclusively, it prevents the child from consuming other less ster-

ile and potentially lethal substances (Horta and Victora, 2013b; Palloni and Tienda, 1986).

However, there is less agreement in the modern literature on the relationship between breast-

feeding and growth. Although some studies (e.g., De Cao (2014)) have suggested a positive

relationship between breastfeeding and anthropometric outcomes, in a recent meta-analysis

looking at the efficacy of breastfeeding promotion interventions on child growth, Giugliani

et al. (2015) found that these interventions had small and statistically insignificant effects on

weight-for-age and height-for-age in infancy. There was, however, considerable heterogeneity

across studies. Four of the studies Giugliani et al. (2015) reviewed also looked at outcomes

later in childhood in a variety of low- and middle-income settings and found that breastfeed-

ing interventions were not strongly related to child growth (Khan et al., 2013; Kramer et al.,

2007; Louzada et al., 2012; Schwartz et al., 2015). In addition, Kramer and Kakuma (2012)
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show that the duration of exclusive breastfeeding does not influence children’s growth in in-

fancy. Thus, it seems that the current modern consensus is that breastfeeding has relatively

little systematic relationship with child growth.

Taking the evidence on breastfeeding and mortality together with that on breastfeeding

and growth, we might expect to find, if anything, a positive net correlation between breast-

feeding and subsequent anthropometric measures in our data, i.e. a dominant culling effect.

However, these relationships have never been tested empirically for our historical period.

2.2 Infant Feeding in Historical Britain

Before conducting the empirical analysis, it is important to provide historical context on

the levels and trends in breastfeeding rates in the UK from the late nineteenth century to

the present. In the late nineteenth and early twentieth century, breastfeeding was common,

especially among the working classes: approximately 80% of children in this period were

breastfed in the first month of life, with 60-70% still being breastfed at four months (Fildes,

1998). This high level of breastfeeding was driven by both the cost of artificial feeding for

working-class mothers and the risk of mortality among artificially-fed infants, though there

must also have been cultural factors at play. Middle- and upper-class mothers in England, on

the other hand, were much less likely to breastfeed, in large part because they had access to

safer food supplies and medical knowledge that somewhat ameliorated the risks of artificial

feeding (Fildes, 1998).

However, with increasing living standards, the development of safer forms of artificial

feeding (e.g., dried milk and formula), and the invention of safer feeding devices, rates

of breastfeeding declined dramatically in the first half of the twentieth century in much

of the developed world. This shift was also encouraged by doctors who no longer saw

breastfeeding as critically important for infant health. The nadir of breastfeeding rates

was likely reached in the 1960s, but the first reliable modern data for breastfeeding rates in

England and Wales appeared in 1975. This showed that only around 50% of mothers initiated
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breastfeeding at all, and at four months, only 13% of mothers were still breastfeeding their

children (Hoddinott et al., 2008; Wharton, 1982). Since 1975, breastfeeding rates have

risen somewhat, such that in 2005, 77% of mothers breastfed initially; nevertheless, rates of

exclusive breastfeeding in the UK remain low at four months (7% in 2005) (Bolling et al.,

2007; Hoddinott et al., 2008). Thus, the overall trend over the past rough century has been

a U-shaped one: breastfeeding rates started at a relatively high level in the early twentieth

century, declined until the 1960s or 1970s, and have recovered somewhat since then.

Interestingly, this contour of breastfeeding rates directly contrasts with changes in infant

and cohort health over the same period. Infant mortality rates declined across the first half of

the twentieth century; cohort life expectancy increased dramatically; and the average stature

of adult males has increased by some 11 cm since the late nineteenth century. These facts

have generally led scholars to believe that breastfeeding was not an important cause of infant

mortality decline (Woods, 2000, p. 288), although it is possible that declines in breastfeeding

slowed the rate of improvement in these indicators in the first half of the twentieth century.

There have been relatively few historical studies with sufficiently rich data to analyze the

mortality risk associated with various infant feeding regimes, with many relying on regional

aggregate data. Knodel and Van de Walle (1967) and Fildes (1992, 1998), for instance,

correlated breastfeeding rates and infant mortality rates in various cities and regions in

Germany and the UK, respectively, at the beginning of the twentieth century. Knodel

and Van de Walle (1967) found a negative correlation between breastfeeding and infant

mortality in three German states. However, Fildes (1992) found a positive relationship

between breastfeeding and infant mortality in London, perhaps since working-class mothers

were more likely to breastfeed than their wealthier counterparts, and also faced worse health

risks. Using aggregated data from nine towns in England other than London, Fildes (1998)

found that the mortality risk of children in the first month of life who were never breastfed

was between 2 and 8.8 times higher than the mortality risk of exclusively-breastfed children,

but she was not able to introduce individual-level controls that could account for some of
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the difference in mortality risk. Reid (2002) provides the most robust historical analysis

to date, studying an individual-level, longitudinal dataset from Derbyshire. She found that

early artificial feeding increased mortality risk, especially from diarrheal diseases, but the

majority of mortality was associated with the environment that children lived in, rather than

with their feeding type.

Thus, by testing for the relationship between breastfeeding and both mortality risk and

anthropometric growth, our study makes three main contributions. First, it contributes

to the literature on twentieth-century health transitions by improving our understanding

of the importance of breastfeeding, relative to other more commonly studied inputs such

as the early-life disease environment, to trends in cohort health. Second, it contributes to

the existing historical literature on breastfeeding and health by providing evidence of the

breastfeeding-health relationship through both the culling and scarring channels. Third, it

adds to the evidence base on breastfeeding and anthropometric growth, and to that on the

degree of persistence in any feeding-related early-life health differentials, in the face of a

positive health intervention.

3 Data

3.1 The Life of a Child in the Foundling Hospital

The Foundling Hospital was central to the care of deserted children in London from 1741 to

1955, helping over 25,000 children during this period (Pugh, 2007). Located in central Lon-

don, the institution functioned essentially as an orphanage and residential school, admitting

illegitimate children of up to 12 months old, provided that the child had been abandoned by

its father, and that its mother was of deemed of “good character.”5 Our study focuses on

5By considering the character of the mother, the hospital sought to prevent its resources from aiding
women it considered promiscuous, those with multiple illegitimate children, and those who were prostitutes.
The hospital paid inspectors to check the mothers’ backgrounds, and they rejected petitions of women who
provided false information. The hospital’s policy on admitting children changed over time, but was fairly
uniform after 1801 (Gillis, 1979; Nichols and Wray, 1935).
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over 1,000 children who entered the Foundling Hospital in the 1892-1914 birth cohorts. As

was the case more generally in the institution’s history, our sample is drawn predominantly

from what is today Greater London, although a number of children came to the Foundling

Hospital came from further afield. The birthplaces of children in our sample are mapped in

Figure 1.

Figure 2 provides a schematic diagram of the life-course of a child in our sample. Children

were born at t = 0 (birth) and admitted to the hospital in infancy at t = 1 (admission).

Since mothers could only petition for the child’s entry into the institution after the child

was born, this meant that Foundling children spent a short period of time at home with

their mothers (period 1).6 While at home, the children received from their mothers either

exclusive, some, or no breast milk. After entering the Foundling Hospital, all children were

fully weaned because the hospital did not provide wet nurses for the children. Thus, it

is this pre-admission feeding information that we exploit in our analysis. Specifically, we

make comparisons between admitted children who received different feeding regimes prior to

admission.

Upon admission, the children were given medical examinations, and their vital statistics

were recorded. Almost immediately, the infants were fostered out to families of married

couples in three rural counties neighboring London: most of the children were fostered in

Surrey and Kent, with a few others sent to Essex. These families were carefully selected,

and each county had a medical officer that supervised the children’s health and ensured that

they were living in good conditions. Thus, the children received a substantial positive health

intervention, providing them a standard of living that much of the British population would

not have access to for several decades. The children remained in the country with their foster

families until they were 5-6 years old, at which point they were readmitted to the hospital’s

main site in central London (t = 2; re-admission). Each child returned from the country

with a medical report written by the county medical officer, which stated the diseases the

6The average age of children at admission to the hospital in our sample was 0.37 years old (134.5 days),
but children were admitted as early as 23 days old and as late as 1.45 years old.
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child had been treated for, and provided a general description of the child’s health. Although

the children were sent to the country to improve their health, the vast majority of deaths

occurring among Foundling Hospital children occurred during this time in the country. The

county medical officers recorded the date and cause of death of children who died, and this

was passed along to the Foundling Hospital central authorities.7

After returning from their period of country fostering (period 2), the Foundling children

lived on the main Foundling Hospital site in central London. There, the children lived in

large wards and were fed typical institutional meals. The Foundling Hospital employed a

full-time medical officer and several nurses to work in the infirmary, which treated hundreds

of children per year for various diseases. While in the Foundling Hospital, the children also

went to school and learned a trade. Boys were discharged from the hospital around the age

of 15 (t = 3; discharge), whereas girls were kept in for slightly longer, until age 16-17. The

vast majority of girls became domestic servants upon leaving the hospital, with boys mostly

becoming bandsmen, soldiers, or sailors.

3.2 The Foundling Hospital Dataset

Importantly for our analysis, the Foundling Hospital took down detailed individual-level

records on the children’s health at each of the major milestones, and for each of the major

sub-periods of childhood, shown in Figure 2. They also recorded a wealth of information on

the children’s pre-admission circumstances and parental characteristics, as well as on their

eventual placement—whether this was into an occupation, restoration to their birth mother,

or death. Because of the Foundling Hospital’s very careful and extensive record-keeping,

it is possible for us to reconstruct a cohort dataset following the Foundling children. This

new cohort dataset includes some of the most detailed individual-level information about

children’s nutrition, growth, morbidity and general health of any source for its time, and

7Administrative information from the London Metropolitan Archives (LMA), Medical Record of the
Foundling Hospital, London 1877-1911 by W. J. Cropley Swift, Medical Officer, A/FH/A/18/10/6; Foundling
Hospital dataset.
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represents a major contribution to the study of health in poor and historical settings in the

era before modern medical, public health, and social welfare services.8

Of the many useful pieces of information reported by Foundling Hospital staff, we focus in

this study on the following key variables: first, the feeding regime, observed prior to admission

(i.e., in period 1); second, mortality risk, observed from admission to discharge (i.e., con-

tinuously over periods 2 and 3); and third, a number of anthropometric measures of health.

These latter measures include: weight-for-age Z-scores (WAZ) at admission (t=1) and at

re-admission (t=2); height-for-age Z-scores (HAZ) at re-admission (t=2) and at discharge

(t=3); and growth in weight-for-age Z-scores (∆WAZ) over the period between admission

and re-admission (period 2).9

It is worth discussing the feeding regimes in more detail, since these health inputs are the

focus of our analysis. The medical record provides information about each child’s feeding

regime in the period before they entered the hospital. First, it recorded whether the children

had been given breast milk (B), milk (M), food (F), or any combination of the three prior to

admission. For the sake of simplicity and comparison, it is easiest to group children into three

broad categories of infant feeding: those who were exclusively breastfed (B), constituting

10% of our sample; those who were breastfed but were also given supplementary food or

milk (B+), constituting 48% of our sample; and those who were never breastfed, but were

instead given milk and/or food (NoB), constituting the remaining 42% of our sample (see

Appendix Table C.1). Although our main analysis uses these aggregated groups, we also

provide a more granular analysis of all the various combinations of feeding.

8The data used in this study come from records that identify individuals, many of whom are protected
by a 110-year rule aimed at safeguarding their personal information. Accordingly, many of the records
used to build the dataset are access-restricted, and we thank the Coram Foundation for granting us special
permission to view these records. See Appendix A for more information.

9In order to compare children across different ages and sexes, we convert the children’s heights and weights
to Z-scores relative to the modern WHO standard/reference (de Onis et al., 2007; WHO, 2006). The Z-scores
simply describe a child’s height or weight as standard deviations relative to children in the modern reference
of the same sex and age. Thus, a child with a weight-for-age Z-score of -1 has a weight-for-age one standard
deviation below the modern mean for children at the same age. Schneider (2015) discusses some of the
issues related to using the modern WHO growth standard/reference on historical data and concludes that
the modern references may be used if scholars account for differences between the historical and modern
growth pattern.
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Second, for many of the children who were breastfed and given supplementary food, the

medical officer recorded the number of months or weeks that the children were breastfed.

Thus, it is possible to reconstruct a breastfeeding duration variable for many children. For

children exclusively breastfed, the breastfeeding duration is assumed to be equal to the

age at admission to the Foundling Hospital. Children who were never breastfed had a

breastfeeding duration of zero. Finally, for the breastfed-with-supplementation group, we

use the medical officer’s notes, which were written during his initial medical inspection of

each child, which included a discussion with the mother. At the time of this inspection,

the child had already been accepted to the Foundling Hospital, so there is little reason to

believe that the mothers systematically misreported the duration for which they breastfed

their children. However, because the duration is a recalled measure, there is considerable

heaping at monthly durations, increasing measurement error in the estimates. Accordingly,

we use this variable cautiously as a way to generate suggestive evidence on the relative

importance for health of the intensive and extensive margins of breastfeeding. A summary

of breastfeeding duration by feeding regime is given in Appendix Figure C.2.

3.3 Representativeness & Confounding Factors

Since our analysis in this study rests on comparisons between admitted children who experi-

ence different pre-admission feeding regimes, the only sample selection that materially affects

the interpretation of our results is that which is differential by feeding regime. Other aspects

of selectivity may affect the generalizability of our findings; even so, this will only be the case

if the differences between feeding regimes vary along the margin by which our sample may

be un-representative of the general population.10 Although we do conduct a more in-depth

10For instance, if a sample was disproportionately drawn from a low-income group, and if the differences
between the subsequent health outcomes of children with different feeding regimes are wider at lower levels
of incomes and narrower at higher levels of income, then we might believe that estimates produced using this
sample overstate the relationship between feeding regime and subsequent health, relative to the relationship
that would be estimated in the general population.
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analysis of sample selection than that which we report here (available upon request),11 we

focus below on just those two issues—namely, selectivity that affects generalizability and

selectivity that is differential by feeding regime—which are relevant to understanding our

results.

First, we address questions of representativeness that will allow us to comment on broader

patterns in cohort health. Despite the explicit admission criteria imposed by the Foundling

Hospital, the children in our data were reasonably similar to the general population of Eng-

land and Wales at the time. In fact, the fathers of Foundling children represented many

different class groups and were not overly representative of poor and working-classes (see

Appendix Figure A.2). To assess the representativeness of our sample, we begin by compar-

ing monthly death probabilities (nqx) for our sample to those given in the infant life table

constructed by Galley and Woods for the rest of Britain during the Victorian period (Woods,

2000). Appendix Figure B.1 compares mortality probability in infancy in the Foundling Hos-

pital with the average mortality probabilities of urban areas, rural areas, and all of England

and Wales. Mortality in the hospital is found to be above that in urban areas during the

first three months of life, but it falls swiftly to rural-area levels thereafter, reflecting the

location of the children at each stage during their time under Foundling Hospital care (see

Section 3.1). This pattern also suggests that the Foundling Hospital did not experience

death rates at the level found in many similar institutions around Europe at the beginning

of the twentieth century (Revuelta-Eugercios, 2013). Child mortality is also lower in the

Foundling Hospital than in London and in both of the counties where the children were

fostered (Appendix Table B.1). Clearly, there is little evidence that these institutionalized

children were negatively selected, or suffered poorer health, than their counterparts outside

the hospital.12 This will be important to our analysis later, given that we find evidence of

11Specifically, we test for selectivity resulting from a suite of decisions made by mothers at various stages
in the petition and admissions process, and a suite of decisions made by the hospital. In this analysis, we
find no or at most very limited evidence of selectivity. Since any such sample selection will not affect the
interpretation of our results, we do not report this analysis here.

12There is also little evidence of sample selection related to the hospital’s admissions decisions. Using
information from successful and unsuccessful petitions for a subset of our period (1909-1914), we find a slight
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initial-health gradients in the relationship between early-life feeding regimes and subsequent

health. In particular, it suggests that our analysis does not oversample children for whom

these feeding-related health differentials are largest.

On the question of representativeness, we also assess how the early-life feeding practices

in our sample compare to prevailing feeding patterns outside the institution. Appendix

Tables C.1 and C.2 show that rates of exclusive breastfeeding in our sample are considerably

lower than those recorded in surveys of working-class mothers in London and in several large

towns in England over the same period (Fildes, 1992, 1998; Woods, 2000). Meanwhile, rates

of both supplemented breastfeeding and of never breastfeeding are much higher in our sample,

with roughly twice as large a proportion of Foundling Hospital infants as working-class infants

never having been breastfed. These differences in feeding type likely reflect differences in

feeding practices between legitimate and illegitimate children in London during the same time

period. Fildes (1992) cites figures from the London borough of Wandsworth (1907-13) that

show illegitimate breastfeeding rates to be approximately half those of legitimate children.

Only 44.1% and 27.1% of illegitimate infants were breastfed in the first month and at four

months, respectively, compared to 82.3% and 66.6% of legitimate infants. Fildes argues

that this difference existed because illegitimate infants had to be artificially fed by someone

else while their mother was at work. Compared to these figures, women who gave up their

children to the Foundling Hospital were actually slightly more likely to have breastfed their

children (see Appendix C). Although lower breastfeeding rates among the Foundling children

may not be strictly representative of the general British population at the time, it should be

noted that any differences in the composition of our sample relative to wider British society

are unlikely to influence our results, since we make comparisons between Foundling children

by feeding type.

acceptance advantage for boys and for the children of young mothers and of farmers. Meanwhile, we find
that a petition’s chances of success are unrelated to the seasons of birth or of petition, proximity to London,
or other occupational categories (not reported). Importantly, although the unsuccessful petitions lack data
on feeding practices, the medical officer’s notes explicitly state that children were not to be rejected on the
basis of health status (London Metropolitan Archives (LMA), Medical Record of the Foundling Hospital,
London 1877-1911 by W. J. Cropley Swift, Medical Officer, A/FH/A/18/10/6, p. 4).
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Second, we interrogate differential selection by feeding regime. That is, we examine se-

lectivity that could confound the interpretation of our results on the relationship between

pre-admission feeding and subsequent health. We begin by examining correlations between

age at admission and both health endowments (as proxied by child and parental characteris-

tics) and the pre-admission feeding regime. This is because we might worry that our sample

of children entering the institution had been differentially culled because of differences in

the length of exposure to pre-admission mortality risk. We find no significant relationship

between petition characteristics (i.e., sex, mother’s age, location, social background, petition

age, or petition season) and the speed with which admissions decisions were rendered by the

Foundling Hospital. One exception to this is that we find that exclusively breastfed children

were admitted approximately 5 days earlier than never breastfed children (on an average

wait time of one month between petition and admission), but this slight difference between

the groups is unlikely to lead to large culling-based health disparities between them.

An important aspect of selection to consider is why mothers chose the feeding regime they

did, and whether this was correlated with the duration of breastfeeding or with the child’s

age at petition or admission. On the whole, we find little relationship between parental

characteristics and the feeding regime or duration of breastfeeding (not reported). Similarly,

we find no significant relationship between parental characteristics and the timing of the

petition, when looking at the sample of successful and unsuccessful petitions. Looking just

at successful petitions, where we have feeding information, however, shows that children

who were exclusively breastfed were 60 days younger at petition than those never breastfed,

while supplemented children were roughly 25 days older. These rather systematic differences

in admission age (which are themselves highly correlated with age at petition) by feeding

regime are illustrated in Appendix Figure C.1.13 Children in greater London were also 30

days younger at petition, and higher-SES mothers seem to have made their petition when

their child was older, though these coefficients are only marginally significant (not reported).

13This evidence suggests that for supplemented children, breast milk and non-breast milk substances may
have been combined sequentially rather than simultaneously.
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The impact of bias due to any pre-admission culling (particularly as it interacts with scarring)

here is not always clear: for instance, London-born children would have endured a higher

intensity of mortality-risk exposure, albeit for a shorter period than their rural counterparts,

leading to ambiguous bias. Meanwhile, we might understate the importance of breastfeeding

to health at admission if the earlier admission of breastfed children led this sub-group to be

less culled (i.e., to be of lower average health status at admission) than their counterparts

of other feeding regimes. We revisit these issues as relevant when discussing specific results

in Sections 4 and 5.14

Finally, although we do not have visibility into those children that die before admission

(and particularly, whether these deaths are correlated with the feeding regime), we can

examine attrition following admission.15 Rates of attrition within the Foundling Hospital

are low (Appendix Table A.3), and no source of attrition, save for death, bears a systematic

relationship with pre-admission feeding (not reported). Although the pre-admission feeding

regime is strongly correlated with infant mortality within the hospital, this of course will be

one of our central results, rather than a true confounding factor. As we will show in Section

4.1, these feeding-correlated deaths do not result in the sort of systematic culling that would

bias the estimated feeding-health relationship in the cohort of survivors.16

In conclusion, although there is certainly some sample selection at play in our data, this

is likely to have little effect on our interpretation of differences by feeding regime in subse-

14What ultimately matters most is whether feeding regimes are plausibly exogenous within our sample.
Here, we find that feeding type is uncorrelated with infant characteristics such as maternal age, season of
birth, and the majority of father’s occupations (not reported). However, never-breastfed status is strongly
positively associated high-SES paternal occupations (consistent with the secondary literature), and negatively
associated with institutional birth, which is instead positively associated with supplementation. Since we do
not have visibility into birthweight, it is not possible to establish whether frailty at birth may have attracted
higher (compensatory) or lower (reinforcing) levels of maternal investment. Nevertheless, if we take the local
disease environment at birth or father’s socioeconomic status as proxies for health status at birth, there is
little evidence of systematic patterns between these proxies for the child’s initial health endowment and the
feeding type received.

15Note that although we cannot separate possible pre-admission scarring and culling related to feeding
practices, we treat the health status of children at admission by feeding regime as a net association between
that feeding regime and subsequent health. Luckily, since we wish to comment on patterns in cohort health,
it is actually this net association (and not, say, the individual mechanisms or causal impacts) that matters
to our analysis since this will be the same net association operating in the population more generally.

16We provide additional evidence on attrition in Panels D and E of Appendix Figure A.1.
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quent health. Foundlings were a carefully selected group of first-born, illegitimate children.

However, their selection on these criteria would only confound the results in our study if the

relationship between the feeding regime in infancy and subsequent health is different among

these children than among other children in the population; this seems unlikely, though

we acknowledge that breastfeeding may be correlated with other unobserved investments

that could influence child health and growth. The children were not directly selected based

on their health, but the differential ages at petition (and admission) across the three feed-

ing regimes could have led to indirect selection on health. Since the exclusively breastfed

were admitted at the youngest ages, they would likely have experienced less pre-admission

mortality (i.e., culling) than the supplemented and never-breastfed. Thus, assuming that

the latent health distributions of children in the three feeding types were similar at birth,

the surviving exclusively-breastfed children would be on average less healthy relative to the

other two groups. To partially deal with this issue, we control for admission age (in month

dummies) in all anthropometric specifications, and combine exclusively-breastfed and sup-

plemented children into a single feeding category in select specifications. Furthermore, we

will show in our data that there is little evidence that culling was systematic (i.e., related

to a specific health threshold), nor that it dominated scarring. Thus, with these potential

issues in mind and the requisite controls in place, we believe that we can use this unique

historical dataset to analyze the net associations between infant feeding practices and later

mortality and growth in late nineteenth and early twentieth-century Britain.

4 Culling and Scarring in Infancy

4.1 Mortality Risk

If feeding is strongly associated with mortality, and if these deaths are systematically drawn

from the low end of the health distribution, then this is evidence of culling. Accordingly, we

begin by estimating the relationship between the pre-admission feeding regime and mortality
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risk in early life.

We estimate mortality risk—that is, the probability that an individual’s death occurs at

a given point in time—using a Cox proportional hazard model, wherein the baseline hazard

function h0(t) is unspecified, and the independent variables have a proportional effect on the

hazard rate:

hi(t) = h0(t)× exp(β1 ×Breastfedi + β2 × Supplementedi + xi
′
γ + εi) (1)

Here, hi(t) is the risk of death of child i at time t. We estimate the risk of dying between ages

0 and 1 (infancy),17 and that between ages 1 and 5 (early childhood). Because the medical

record provides precise dates for all of these events, we estimate exposure to risk daily.

The chief health input of interest is the feeding received prior to admission to the

Foundling Hospital. Breastfedi is an indicator that takes the value of 1 if child i was

exclusively breastfed before admission, while Supplementedi is an indicator that takes the

value of 1 if, during this period, the child was breastfed but also received some non-breast-

milk supplementation (e.g. cow’s milk, food). The reference category for these early-life

feeding variables is those children who were never breastfed prior to entering the hospital.

xi is a vector of individual-level controls. Depending on the specification, this may

include weight-for-age Z-scores at admission to the hospital, father’s socioeconomic status,

indicators for sex and for Greater London, and birth season fixed effects. For reasons of non-

proportionality, we stratify in select specifications on birth season, sex and weight-for-age at

admission.

The results from Equation 1 are given in Table 1, which reports the log hazard rate

coefficients estimated in the Cox model. The results suggest that in infancy, breastfeeding

is strongly associated with lower mortality risk. In column 1, we can see that breastfeeding

with supplementation is statistically significantly associated with a 68.4% lower mortality

17Technically speaking, exposure begins not from age zero (since mortality risk from zero to admission is
unobserved), but from when a child enters the Foundling Hospital or crosses a threshold age.
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risk than those never breastfed, while exclusive breastfeeding is (statistically insignificantly)

associated with a 45.6% lower mortality risk.18 When these two groups are combined into

a single ever-breastfed group (column 2), we see that breastfeeding at any point prior to

admission is associated with a statistically significant 63.3% lower risk of death. These

“protective” associations are similar to those reported by (Reid, 2002, p. 156), who found

that infants receiving artificial feeding at one month of age had a 56 per cent higher risk of

death in infancy than infants who were exclusively breastfed at the same age.

There are two reasons that the supplemented group had stronger outcomes than the

exclusively-breastfed group in infancy. The first pertains to the magnitude of the association.

Exclusively-breastfed children face a higher mortality risk because they were weaned at the

time of entering the Foundling Hospital, rather than beforehand. Weaning is a particularly

risky period for infants because they are introduced to many bacteria and other pathogens for

the first time. Thus, children who had been breastfed with supplementation before entering

the hospital had already been weaned, and so had partially completed this period of increased

risk. Indeed, this could provide suggestive evidence of some pre-admission culling in the

supplemented group entering our sample. Exclusively breastfed children on the other hand

faced this risk in the hospital. The second pertains to the significance of these associations.

Although there were 75 infant deaths in the sample, only seven of these were to exclusively-

breastfed children; accordingly, the small sample size will lead to larger standard errors and

so to fewer statistically significant results. However, it is clear that although no children were

breastfed after admission to the Foundling Hospital, early experiences of breastfeeding were

nevertheless associated with higher chances of survival, even post-weaning. The reasons for

this health difference in infancy—and a discussion of why this is unlikely to be an artifact

of selective mortality—are discussed in more detail in Section 4.2.

Columns 3 and 4 present the results for children aged 1 to 5. Here it is evident that

whatever the post-weaning survival advantage of ever-breastfed children in the short run, this

18In order to calculate the protective effect, we take the reciprocal of the predicted hazard ratio: 1/exp(β).
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does not persist into early childhood. Of course, this may partly be because of the very small

number of deaths that occurred in this period. Indeed, the sign of the relevant coefficients still

suggests a beneficial association between breastfeeding and survival. However, these results

also suggest that any benefits of breastfeeding were likely attenuated by early childhood, as

is evident in the coefficient magnitudes: the protective association of ever breastfeeding had

fallen to 15%.

We might wonder whether these mortality-risk results imply differential and systematic

culling by feeding type, both prior to admission and in the time shortly after admission.

One way of addressing this issue is to look for health-status gradients in mortality by feeding

type. We present these results in Figure 4, which compares the admission weight-for-age

distribution of children who survived to re-admission (i.e., age 5-6) versus those who died

before re-admission. Here it is clear that deaths are not drawn systematically from the lower

end of the health distribution as would be the case if mortality were selective on weight,

leading to culling below some threshold. Instead, deaths among the never-breastfed were

drawn from the full range of the admission weight-for-age distribution with only very limited

clustering at low levels of admission weight. Thus, there appears to be no clear threshold

effect with regard to mortality risk, insofar as the threshold was related to weight-for-age at

admission.

Another way to address the relative strength of any feeding-related culling prior to ad-

mission would be to test for systematic differences at admission in other measures of health,

such as weight-for-age. Here, if culling is strong and systematic, our within-hospital mortality

risk results—which suggest a very-early-life survival advantage among those ever breastfed—

imply that any feeding-weight relationship we estimate will underestimate the portion of this

relationship operating through the scarring channel. This is because if the survival advantage

of ever-breastfed children that we observe within the hospital (i.e., in Table 1) is thought

to be similar to that which we cannot observe prior to admission, and the deaths of never-

breastfed children occur systematically below some health threshold, culling on its own would
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result in a positive association between never-breastfeeding and health status at admission.

Although Figure 4 gives us reason to believe that pre-admission culling is unlikely to be

strong, we will turn to this issue more directly in the next section.

4.2 Weight-for-Age

To solidify the evidence on the balance of culling and scarring prior to admission, we test

for the relationship between the pre-admission feeding regime and health status (as proxied

by weight-for-age) at admission. Before testing this relationship econometrically, we first

present evidence on the health distributions of infants by feeding regime. These distribu-

tions are given in Figure 3. The differences between the three feeding groups were largest in

infancy (that is, at admission), with differences between the exclusively- and never-breastfed

groups equivalent to one standard deviation of the modern weight-for-age standards. The

distributions were also more dispersed at admission than at later ages. There was a clear

pattern of growth faltering and limited catch-up relative to modern standards apparent from

the predicted heights of each group at various admission ages (see Appendix Figure D.1).

Children fell to around 2.5 standard deviations below the modern weight-for-age standard

in the first four months, and then experienced somewhat of a resurgence afterwards. This

growth faltering was thus much more rapid than that which occurs today in developing coun-

tries, where on average children only reach one standard deviation below modern standards

by age 5 (Victora et al., 2010) or in other historical populations Roberts and Warren (2017).

We now test for systematic differences by feeding type in the weight-for-age at admission.

Specifically, we estimate the following regression by ordinary least squares (OLS):

Healthit = α + β1 ×Breastfedi + β2 × Supplementedi + xi
′
γ + εit (2)

Here, Healthit is the anthropometric health measure for child i at time t. In this section,

we will take as our anthropometric outcome of interest the weight-for-age Z-score (WAZ)
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at admission (t=1).19 As above in Equation 1, Breastfedi is an indicator that takes the

value of 1 if child i was exclusively breastfed before admission to the Foundling Hospital.

Supplementedi is an indicator that takes the value of 1 if the child was breastfed but also

received supplementation prior to admission. The reference category, as above, is those who

were never breastfed.

As before, xi is a vector that includes a large number of individual-level controls to ac-

count for individual-level variation aside from feeding type that might influence our results.

Our ability to include such individual-level controls gives us an advantage over similar studies

which compare aggregate-level trends in health inputs (e.g., breastfeeding rates or mortality

rates) to trends in anthropometric outcomes (Bozzoli et al., 2009; Deaton, 2007; Woods,

2000). These controls include sex, admission-month dummies, diseases-at-admission dum-

mies, birth-season dummies, birth location-type dummies, mother’s-age dummies, father’s

socioeconomic-status dummies, birth-year fixed effects, and registration district-of-residence

fixed effects. For a smaller sub-sample of data related to London, we also include as a

control the infant mortality rate in the year of birth in the registration district where the

child was resident before entering the Foundling Hospital. This captures the balance of the

local scarring effect from a harsh disease environment and any potential culling that occurs

in the local area and so might affect the health status of survivors. We include admission

age-in-month dummies to account for the general pattern of falling behind and catching up

to modern weight standards (see Appendix Figure D.1). The construction and sources of

these controls is discussed at length in Appendix A.

The results of this specification, estimating Equation 2 for weight-for-age Z-scores at

admission, are reported in Table 2, with robust standard errors in parentheses. Here we can

see that irrespective of the precise specification, exclusively-breastfed children weighed ap-

proximately 0.8 standard deviations more at admission, relative to modern standards, than

19Note that weight-for-age Z-scores cannot be calculated for children above the age of 10 because weight
ceases to be as useful an indicator after that period. We choose not to use BMI-for-age Z-scores, since these
are especially problematic given the large differences between the historical and modern BMI growth curves
(Schneider, 2016, pp. 306-312).
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children who were never breastfed, after controlling for a host of parental, environmental,

and individual characteristics. The children who were breastfed with supplementation also

weighed significantly more than the never-breastfed children, but at 0.4 standard deviations,

their weight advantage was half that of the exclusively-breastfed group. The positive associ-

ation we see here between breastfeeding and weight-for-age at admission indicates that the

scarring channel dominates the culling one: that is, any survival advantage that might have

resulted in negative selection on weight among the ever-breastfed is overwhelmed by the

beneficial association between breastfeeding and weight. Indeed, if never-breastfed children

had been strongly and systematically culled prior to admission, this would suggest that the

breastfeeding advantage observed in Table 2 is an underestimate of the relationship between

breastfeeding and weight in the absence of culling.

Importantly, both the coefficients and their significance are stable when restricting the

sample to children drawn from London, including the infant mortality rate in the regis-

tration district of residence before the hospital, and clustering the standard errors at the

registration-district level (not reported). Because all of the specifications include age-at-

admission dummies in months, these results are robust to any general pattern in falling

behind and catching back up to modern weight standards that might have occurred across

all groups. Thus, we are confident that our baseline specification is robust and can be used in

further analysis to understand potential mechanisms underpinning the association between

breastfeeding and growth in infancy.

We analyze the mechanisms underlying this feeding-weight relationship in two ways.

First, we test the importance of the extensive and intensive margins of breastfeeding by

adding the breastfeeding duration variable into the regressions to capture the intensive mar-

gin, i.e., breastfeeding duration-related gradients in health. Table 3 reports these results.

Column 1 re-prints the baseline results from Table 2. In column 2, we can see that when

breastfeeding duration is included without the feeding dummies but with all of the baseline

controls, breastfeeding duration has a significant, positive association with admission weight-
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for-age. A one standard deviation increase in breastfeeding duration (56.9 days) leads to an

increase in admission weight Z-score of 0.23, a substantial increase that suggests that the in-

tensive margin of breastfeeding might be important. However, column 3 raises doubts about

this interpretation because the coefficient on the breastfeeding duration variable becomes

negative, minuscule, and insignificant when the dummy variables for each feeding type are

included in the regression. Thus, the positive relationship in column 2 was mainly driven by

the fact that never-breastfed children with a breastfeeding duration of zero weighed much

less than their counterparts who were breastfed. This is consistent with the broad patterns

observed in Table 2. Column 4 interacts breastfeeding duration with the feeding type dum-

mies to see whether the association between weight-for-age and breastfeeding duration was

different in the exclusively breastfed and supplemented group. The breastfeeding interactions

are insignificant, whereas the advantage of the exclusively-breastfed group remains. Thus, it

appears that breastfeeding mattered more extensively for health than intensively—that is,

the mere fact of having been breastfed appears to matter more for health at admission than

does the intensity of breastfeeding prior to admission.

Second, since it is clear that including foods other than breast milk in the infants’ diets

may have been problematic for their health at admission, we also report results from regres-

sions using the most granular feeding types available to us. Columns 5 and 6 of Table 3

report these results. On the whole, input pairs that include breast milk appear to be better

for children than those without it: for instance, children breastfed and given milk weighed

substantially more than those given milk exclusively, and the same is true of food. However,

children fed with milk tend to weigh less than children in categories where milk is combined

with another input. Thus, it appears that feeding children milk was worse for their health

than feeding them food.

This finding concurs with historical literature on milk safety (e.g., Olmstead and Rhode

(2015)). Atkins (1992) provides extensive evidence of milk contamination in turn-of-the-

century London. Because refrigeration and pasteurization were not possible, most of the
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milk provided to London was contaminated (and sometimes adulterated with toxins), until

pasteurization and bottling were effectively employed in major cities in the UK after World

War I. Although medical professionals recommended that the milk be boiled before use,

contemporary accounts note that people rarely did this, and milk was relatively expensive

in any case. Dried milk for infants that could be delivered in a sterile form was developed

in the 1890s, but did not take off as a suitable artificial food for infants until the 1910s, and

therefore postdates most of the children in our sample. Families may also have given infants

canned condensed milk, but this suffered from three problems: the condensed milk of the

period was not sterile, it accumulated even more bacteria as soon as it was opened, and it

contained insufficient fat to adequately nourish infants (Fildes, 1998). Thus, it is clear that

feeding infants milk in London was detrimental to their health. Unfortunately, we do not

have information on the specific foods given to the infants in our sample in the period prior

to admission, but young infants in this period were typically fed boiled bread. This may

have been safer than unpasteurized milk since it was boiled killing most bacteria (Fildes,

1998, p. 267-8).20

In addition, among the children in our sample, the introduction of solid food was often

a part of the weaning process. This is clear from looking at the share of children falling in

each granular feeding type by admission month (see Appendix Figure C.1). Only 6.3% of

children entering the Foundling Hospital at one month of age were given any form of food,

whereas this figure had increased to 48.1% at six months and 80.1% at twelve months. Thus,

the introduction of food may have come at times when children would have naturally been

ready to incorporate more solid foods in their diet. In contrast, the overuse of cow’s milk

early in infancy would have been inappropriate for the children’s digestive systems.

In summary, our results on health status at admission suggest that on net, breastfeed-

ing was associated with better health, i.e., scarring was dominant over culling. However,

the extensive margin of breastfeeding was more important than the intensive margin, since

20See Fildes (1998) for a detailed discussion of infant feeding practices in Britain at this time.
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breastfeeding duration was not associated with admission weight-for-age after conditioning

on the feeding regime. We also find that feeding with milk was especially adversely associ-

ated with infant health. Taken together, these results on mortality risk and anthropometric

health in infancy suggest that while there was some possibility of culling related to the

pre-admission feeding regime, this was in fact limited. Indeed, because breastfeeding is as-

sociated with higher weight, any systematic culling on unobserved initial health status in

the never-breastfed group should lead this cohort-level analysis on survivors to understate

the relationship between breastfeeding and weight through the scarring channel. Put more

simply, the capacity of breastfeeding to attenuate environmental scarring in infancy is likely

even higher than that suggested by the results presented here.

5 Recovery in Childhood

We have established a positive net association between breastfeeding and health in infancy—

but does this persist over the course of childhood, particularly in the presence of a positive

intervention like acceptance to the Foundling Hospital?

Turning again to the distributions of anthropometric outcomes at various ages (Figure 3),

we find that children of all three feeding groups experienced catch-up growth relative to

their admission weights by re-admission. Mean re-admission weight-for-age Z-scores were

closely clustered around -1 standard deviations below the modern mean. Notably, any initial

advantage enjoyed by the exclusively-breastfed group had almost entirely disappeared. These

children were also relatively worse off in terms of height-for-age Z-scores at re-admission and

discharge, though again the distributions for these three groups were more closely aligned

in these periods than at admission. Obviously, since we cannot observe a control group of

similar children who were not admitted to the Foundling Hospital, we cannot be completely

certain that the catch-up growth that we observe between admission and re-admission is the

direct result of the positive health interventions that the institution provided. For instance,
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it is possible that children could have naturally experienced some catch-up between infancy

and mid-childhood. Prentice et al. (2013) do observe some catch-up growth between age 24

months and mid-childhood in 5 developing countries included in the COHORTS longitudinal

studies, but they find greater potential for catch-up between mid-childhood and adulthood.

The catch-up they observe in childhood is also of a much smaller magnitude than the catch-

up growth we observe in the Foundling Hospital. Thus, it seems unlikely that the children in

our sample would have experienced such a stark improvement in anthropometric outcomes

in the absence of a health intervention.

Moving forward in the child’s life course to adolescence, we see that children fell behind

height-for-age standards between re-admission and discharge. This may be simply because

children in the past experienced the pubertal growth spurt at later ages than modern children

and as such, does not necessarily reflect growing disadvantage between the two periods. As

was discussed before, Figure 4 strongly suggests that improvement in weight-for-age Z-scores

between admission and re-admission is unlikely to be driven solely or even primarily by the

culling of children with lower initial admission weights.

The graphical evidence provided in Figure 3 strongly suggests that early-life weight ad-

vantages related to feeding are unlikely to survive later into childhood. Nevertheless, to

test for any persistent associations of infant feeding with subsequent health, we estimate

Equation 2 replacing Healthit with the following anthropometric outcomes: WAZ at re-

admission (t=2); HAZ at re-admission (t=2) and at discharge (t=3); and ∆WAZ over the

period between admission and re-admission (period 2, or the period between t=1 and t=2).21

The results for these specifications are presented in Appendix Tables D.1-D.5. Indeed, in

our analysis of the feeding-health relationship in childhood and adolescence, we find that

the results are much different than those in infancy. We first discuss health outcomes at

re-admission (ages 5-6), before moving on to those at discharge (ages 15-16).

21Note that for re-admission and discharge outcomes, we include interactions of age dummies and sex to
account for differences by sex of children who re-enter or leave the Foundling Hospital at different ages.This
is especially important at discharge, which occurs during the pubertal growth spurt, so children discharged
relatively early will tend to have lower height-for-age Z-scores than children discharged at later ages.
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Our results on weight- and height-for-age at re-admission, given in column 1 of Appendix

Tables D.2 and D.3, indicate that by mid-childhood, there were no significant differences

in anthropometric measures by pre-admission feeding regime. Thus, there must have been

massive and feeding regime-differential catch-up growth between infancy and childhood to

erase the earlier weight differences between feeding regimes. Interestingly, we find that

the relationship between the infant feeding regime and subsequent growth changes across

a gradient of initial weight-for-age. Figure 5 demonstrates this relationship by providing a

graphical representation of the regression results reported in Appendix Tables D.1-D.3. Panel

A, which plots change in weight-for-age Z-score between admission and re-admission against

admission weight-for-age Z-scores, suggests two things. First, the majority of children in

our sample experienced catch-up growth, or improvement in their weight-for-age relative to

modern standards, during their period of fostering in the country—regardless of their initial

feeding type. This is indicated by their location above the gray dashed line. Second, there

was a strong negative relationship between initial admission weight and subsequent weight

growth: children who were far behind modern standards at admission experienced much

greater catch-up growth than their counterparts who were closer to the modern mean. This

is a fairly common pattern of catch-up growth (Boersma and Wit, 1997).

As mentioned above, the lines in Figure 5 show the predicted linear relationship be-

tween re-admission outcomes and admission weights for each feeding type including all of

the baseline controls. Notably, the gradient in catch-up growth across the three groups is

not uniform. Children in the supplemented and never-breastfed groups experienced greater

catch-up growth at low levels of initial weight-for-age than children in the exclusively breast-

fed group did at those same levels of weight. This same pattern can be observed when looking

at the relationship between re-admission weight-for-age and height-for-age Z-scores, and ad-

mission weight-for-age, with the difference between the exclusively breastfed and other groups

statistically significant in all specifications. Because the difference between the exclusively-

breastfed and other groups is larger at lower levels of admission weight-for-age, this suggests
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that any possible protective effects of exclusive breastfeeding in the pre-admission period

were greater for these children. Thus, they experienced less scarring in the pre-admission

environment, and later experienced less catch-up growth (see Appendix E for a more detailed

discussion).

We also run these same specifications using the disaggregated feeding types, and find that

only the exclusively-breastfed group had a statistically significant difference in the gradient

across admission weight-for-age (see Appendix Table D.4 and Figure D.2). Thus, in the

presence of a positive health intervention where catch-up growth could occur, we find that

the recovery from an earlier health insult was not limited by a child’s early nutritional

endowment. Indeed, never-breastfed children were able to recover their growth very well

relative to exclusively-breastfed children.

Finally, we explore the association between pre-admission feeding practices and health in

adolescence by examining the height-for-age at discharge from the Foundling Hospital. Since

we only have information at admission, re-admission, and discharge for a much smaller group

of children (n = 366 in the baseline), we must be somewhat cautious about the conclusions

drawn from the data on outcomes in adolescence. As we show in Figure 3, mean height-

for-age actually decreased between re-admission and discharge for the average child. This

was likely because of differences in the timing of the pubertal growth spurt between the

children used to construct the modern growth references and those in the historical sample

employed in this paper. Nevertheless, at discharge we no longer find strong differences in

catch-up growth between the three feeding regimes, of the like found at re-admission. The

relationship between re-admission and discharge height-for-age is strong and significant, but

there are no statistically significant differences in that gradient between the three feeding

types. Thus, by adolescence, any relationship that might have existed between early-life

feeding and subsequent growth was entirely attenuated.

Together, these findings suggest that in the presence of a positive health intervention,

there was no lasting association between breastfeeding and anthropometric measures of
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health. Put more simply, there appears to be no “long arm” of breastfeeding in our set-

ting. Catch-up growth was strong and widespread, and erased any earlier feeding-related

differences that existed in health. Thus, while breastfeeding may have mitigated environ-

mental harm early in infancy—manifesting as it did in a positive association indicative of

net scarring—inputs other than those related to breastfeeding were ultimately much more

important to health in childhood and adolescence.22

6 Conclusion

In summary, our results suggest that although breastfeeding was strongly and positively as-

sociated with survival in infancy, scarring dominated culling in the net association between

infant breastfeeding and weight-for-age in infancy: exclusively breastfed children were heav-

ier relative to their supplemented and never-breastfed counterparts. We also find that the

extensive margin of breastfeeding (i.e., whether one was breastfed or not) was more impor-

tant than the intensive margin (i.e., duration of breastfeeding) for infant health, and that

cow’s milk was associated with worse health outcomes in this period than was contaminated

water. However, associations between feeding in infancy and subsequent mortality risk and

growth became attenuated as children both aged and experienced improvements in their

living conditions. Infant feeding bore no significant relationship with mortality after infancy,

and by mid-childhood, differential catch-up growth across feeding regimes had erased earlier

weight differences by infant feeding group.

Our understanding of the relationship between early-life breastfeeding and health at later

ages is confounded by the substantial positive health intervention that the hospital provided

for the children. It is not clear that children with similar backgrounds who did not experience

such an improvement in nutrition and medical care would have seen such a large attenuation

in the breastfeeding-health relationship across the life-course. This is because the conditions

22It should be noted, however, that because we cannot observe the later-life outcomes of children who
were never admitted to the Hospital, we cannot definitively disentangle the Foundling Hospital as a positive
intervention from natural catch-up growth that may have taken place as the children aged.
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that led to growth faltering in infancy may well have persisted into childhood and adolescence

in the absence of a positive health intervention. However, what we can say is that the set

of interventions that the hospital provided managed to counteract a substantial amount of

the pre-admission scarring that children of all three feeding regimes faced, since the bulk

of children experienced catch-up growth over the period from admission to re-admission.

In addition, the gradients in catch-up growth by admission weight meant that by the time

children reached re-admission, earlier feeding-related inequalities in health status had largely

been reversed. Thus, it appears that while breastfeeding may have been important to health

very early on, it was not deterministic of subsequent health, particularly as the Foundling

Hospital’s health interventions took hold later in childhood.

Relating our findings to trends in cohort health, it is possible that insofar as breastfeeding

is associated with net scarring, the decline in breastfeeding rates over the early-to-mid twen-

tieth century served to slow improvements in cohort health over this period. However, as

our results on post-admission catch-up growth—and particularly, admission-weight gradients

in catch-up growth—suggest, it is also possible that this decline in breastfeeding mattered

less and less as living condition improved over the twentieth century. Indeed, many of the

interventions that the Foundling Hospital provided to children, such as sanitation, hygiene,

better nutrition, and dedicated medical care became more widespread in British society over

this period, and accordingly, it may have become easier for children to overcome any initial

feeding-related deficits.

Finally, our study highlights the importance of conducting longitudinal studies when an-

alyzing children’s health, since inputs that may be important to one or more dimensions

of health at one stage in a child’s development may have little relationship to those same

outcomes in another developmental stage. It also suggests that studying the growth pro-

cess directly rather than simply analyzing adult heights can be very instructive as to the

mechanisms underlying different stages of development.
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Figure 1: Origins of the Foundling Hospital children

Notes: Blue dots denote the address of residence prior to admission to the
Foundling Hospital, as provided in the institution’s admissions book. Inset
shades in yellow those registration districts that were part of Greater London
during the period of our study.

Figure 2: Schematic of children’s lives in the Foundling Hospital

Notes: The schematic diagram indicates the key milestones (i.e., admission,
re-admission, discharge) and periods (i.e., birth to admission, admission to re-
admission, and re-admission to discharge) over which health data were recorded
by hospital staff.
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Table 1: Cox Models showing the association between feeding type and mortality risk of
infants and children in the Foundling Hospital, 1892-1919

(1) (2) (3) (4)

Mortality at Ages 0 to 1 0 to 1 1 to 5 1 to 5

B -0.376 -0.532
(0.41) (0.77)

B+ -0.521∗∗ -0.075
(0.26) (0.39)

NoB (ref) (ref) (ref) (ref)

Ever Breastfed -0.491∗∗ -0.140
(0.23) (0.38)

N 953 953 877 877
N Deaths 75 75 30 30
Risk 217331 217331 1246458 1246458
Log Likelihood -442.83 -443.13 -131.91 -132.11
Chi-square 16.83 16.48 0.71 0.31

Notes: Coefficients with robust standard errors in parentheses:
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. B is exclusively breastfed.
B+ is breastfed with other supplemental food. NoB is never
breastfed. Ever breastfed combines the B and B+ categories.
Additional controls include birth season dummies, born in Lon-
don dummy, and a male dummy. These variables were deemed
worthy of inclusion after conducting univariate Cox models (not
reported). Admission WAZ failed non-proportionality tests in
the infant mortality models and was used as a stratum. Birth
season and the male dummy failed non-proportionality tests in
the child mortality regressions and were used as strata.
Sources: Foundling Hospital Dataset - see Appendix A.
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Figure 3: Distributions of weight- and height-for-age Z-scores of Foundling Hospital children
at various ages

Notes: Vertical lines show the means of each distribution. B is exclusively breastfed. B+ is breastfed
with other supplemental food. NoB is never breastfed.
Sources: Foundling Hospital Dataset - see Appendix A.
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Figure 4: Admission weight-for-age Z-score distributions of children who survived to re-
admission versus those who died before re-admission

Notes: B is exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed.
Sources: Foundling Hospital Dataset - see Appendix A.
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Table 2: Baseline associations between feeding types and admission weight-for-age Z-scores
(WAZ)

(1) (2) (3)

Dep. Var.: Admission WAZ All London London

B 0.829∗∗∗ 0.774∗∗∗ 0.776∗∗∗

(0.181) (0.206) (0.208)

B+ 0.415∗∗∗ 0.386∗∗∗ 0.403∗∗∗

(0.114) (0.131) (0.132)

NoB (ref) (ref) (ref)

Constant -1.935∗∗∗ -1.768∗∗∗ -1.829
(0.561) (0.599) (1.219)

Control Variables:
Male Dummy Yes Yes Yes
Admission Age Dummies Yes Yes Yes
Diseases at Admission Dummies Yes Yes Yes
Mother’s Age Dummies Yes Yes Yes
Father’s Class Dummies Yes Yes Yes
Birth Location Type Dummies Yes Yes Yes
Birth Season Dummies Yes Yes Yes
Birth Year Fixed Effects Yes Yes Yes
Birth District Fixed Effects Yes Yes Yes
Infant Mortality Rate No No Yes

N 996 599 596
R2 0.342 0.293 0.295

Notes: Coefficients with robust standard errors in parentheses: ∗

p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. B is exclusively breastfed. B+
is breastfed with other supplemental food. NoB is never breastfed.
Additional controls are listed in the table.
Sources: Foundling Hospital Dataset - see Appendix A.
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Table 3: Associations between disaggregated feeding types, breastfeeding duration and ad-
mission weight-for-age Z-scores

(1) (2) (3) (4) (5) (6)

Dep. Var.: Admission WAZ All All All All All All

B 0.829∗∗∗ 0.956∗∗∗ 0.761∗∗∗ 0.920∗∗∗ 0.993∗∗∗

(0.181) (0.245) (0.276) (0.187) (0.250)
B+ 0.415∗∗∗ 0.283 0.400

(0.114) (0.215) (0.253)
NoB (ref) (ref) (ref)

BF 1.180∗∗∗ 0.444
(0.442) (0.929)

BM 0.466∗∗∗ 0.285
(0.137) (0.236)

BMF 0.821∗∗∗ 0.689∗∗

(0.195) (0.281)
F 0.217 0.096

(0.346) (0.369)
M (ref) (ref)

MF 0.520∗∗∗ 0.447∗∗

(0.189) (0.202)
Breastfeeding Duration (days) 0.004∗∗∗ -0.000 0.002 0.000

(0.001) (0.002) (0.003) (0.002)
Breastfeeding Duration x B (ref)

Breastfeeding Duration x B+ -0.004
(0.003)

Breastfeeding Duration x NoB

Constant -1.935∗∗∗ -2.010∗∗∗ -2.272∗∗∗ -2.205∗∗∗ -2.105∗∗∗ -2.377∗∗∗

(0.561) (0.649) (0.651) (0.645) (0.560) (0.655)

Control Variables:
Male Dummy Yes Yes Yes Yes Yes Yes
Admission Age Dummies Yes Yes Yes Yes Yes Yes
Diseases at Admission Dummies Yes Yes Yes Yes Yes Yes
Mother’s Age Dummies Yes Yes Yes Yes Yes Yes
Father’s Class Dummies Yes Yes Yes Yes Yes Yes
Birth Season Dummies Yes Yes Yes Yes Yes Yes
Birth Location Type Dummies Yes Yes Yes Yes Yes Yes
Birth Year Fixed Effects Yes Yes Yes Yes Yes Yes
Birth District Fixed Effects Yes Yes Yes Yes Yes Yes

N 996 755 755 755 996 755
R2 0.342 0.358 0.378 0.380 0.353 0.386

Notes: Coefficients with robust standard errors in parentheses: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
B is exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed.
Other feeding categories are various combinations of B (breast milk), M (milk) and F (food.) Additional
controls are listed in the table. The sample size drops when breastfeeding duration is included because
this information was not availabe for all cases.
Sources: Foundling Hospital Dataset - see Appendix A.
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Figure 5: Predicted association between change in weight-for-age Z-score and weight- and
height-for-age Z-scores at re-admission and admission weight-for-age Z-scores across the three
feeding types

Notes: The regression lines depicted in the graph are predicted from our baseline multivariate analysis
in Tables D.1, D.2 and D.3 including all controls (specification 2 of each table). Thus, this is simply the
graphical representation of the regression results. The underlying data are provided as a reference. The
gray dashed line (at zero in the top panel and y = x in the bottom panels) shows where the regression
lines would have been if children had simply stayed at their admission Z-score. B is exclusively breastfed.
B+ is breastfed with other supplemental food. NoB is never breastfed.
Sources: Foundling Hospital Dataset - see Appendix A.
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Figure 6: Predicted association between discharge height-for-age Z-scores and re-admission
height-for-age Z-scores across the three feeding types

Notes: The regression lines depicted in the graph are predicted from our
baseline multivariate analysis in Table D.5 including all controls. Thus,
this is simply the graphical representation of the regression results. The
underlying data are provided as a reference. B is exclusively breastfed.
B+ is breastfed with other supplemental food. NoB is never breastfed.
Anthropometric data at discharge was available for a smaller sub-group
of our sample, the Full Age Cohort, as described in Appendix A.
Sources: Foundling Hospital Dataset - see Appendix A.
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Appendices

A Data Sources and Structure of the Dataset

As mentioned in the main text, the Foundling Hospital Cohort Dataset is to our knowledge

the oldest cohort study providing evidence of child and adolescent health. We have carefully

reconstructed the dataset from the administrative records collected by administrators at the

Foundling Hospital. In order to gather a complete set of information about each child, we

have linked four separate sets of records (see Table A.1 for the full details). The backbone

of the dataset is the medical record, which was initiated by the medical officer, William J.

Cropley Swift, after he was promoted from assistant medical officer. Beginning with children

being admitted to the Foundling Hospital in 1893, he measured variables related to the

children’s health at three life stages (infancy, mid childhood and adolescence) and recorded

information about their health for the periods in between as well.23 Medical information

including extensive anthropometric measurements was recorded about the children at three

points in their lives mirroring the life stages of a foundling child presented in Section 3.1 of

the main text and described in Figure 2: when they were admitted to the hospital, when

they returned from the country around the age of five and when they were discharged from

the hospital. Swift also recorded diseases that the children were treated for while fostered

in the countryside and in the hospital and importantly for this study information about the

feeding regime in infancy. When children died, the dates, locations and causes of death were

also recorded in the medical record.

We supplement this medical data with information about the children’s circumstances

at birth drawn from two sources: the petitions of mothers to the hospital and the register

of applications, which recorded similar information after 1909. From these sources, we can

learn the mother’s age and address, the father’s occupation, where the child was born (i.e.

23Several of the children admitted in early 1893 were born in 1892, which is why our data cover birth
cohorts from 1892.
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in a hospital, at home or at a relative’s house), when the mother last saw the father and

what happened to the father. Thus, from this information we are able to calculate a rich

set of socioeconomic characteristics for each child. We converted the father’s occupations

into HISCO codes and used the simplified version of the HISCLASS system to control for

socioeconomic background in the regressions (Maas and van Leeuwen, 2005; van Leeuwen

and Maas, 2011; van Leeuwen et al., 2002). Table A.2 reports the number and percentage

of children in each class, highlighting that the children were not solely drawn from working-

class fathers. Mother’s occupations were not systematically recorded on the petitions, but in

some cases the mother’s occupation was given in the notes taken by the Foundling Hospital

administrators when confirming the veracity of the petition. Scholars studying these occu-

pations have found that mothers were mostly working in domestic service or other service

sector employment (Campbell-Johnston, 2016; Sheetz-Nguyen, 2012). We also geo-located

the mothers’ places of residence and children’s places of birth so that we could link these to

registration districts. It was not always possible to find precise addresses for the addresses

because of changes in London addresses over the past century, but if the recorded street no

longer existed, we assigned the residence at the centroid of the sub-borough neighbourhood

listed. We then include registration district fixed effects in some regression specifications to

account for differences in environmental circumstances that varied with geography and also

link to infant mortality rate in the registration district of birth for those children living in

London before admission from the Registrar General Quarterly Reports.24

In addition to the children’s details at birth, we have also collected information on the

diseases that children were treated for on the Foundling Hospital main site in London from

mid childhood to adolescence. This information was drawn from weekly infirmary reports,

but we will not use this data in the current paper.

Taken together, these four sources provide a wealth of socioeconomic and health data

for the foundling children across their childhood and adolescence. All of the records cited in

24We are grateful to Graham Mooney for providing us with this London IMR data.
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Table A.1 are held at the London Metropolitan Archives, but substantial portions of these

records (including the entire medical record) are currently closed to general access under a

110-year rule to protect the private, sensitive information of foundling children who may still

be alive. We received special permission from Coram, the Foundling Hospital’s successor, to

view and analyze these records, but in line with our agreement with Coram, we are not able

to publish or share the data.

Having described the information available in the Foundling Hospital records and where

it came from, we can now turn to the structure of the dataset. As mentioned above, the

medical officer William J. Cropley Swift started keeping the medical register in 1893 so

children admitted in this year mark the beginning of our sample. However, it is less clear

how the record keeping ended. The final information for children at discharge was recorded

on 16 April 1919 whereas the last information on children at re-admission was recorded on

5 May 1919. However, because discharge occurred roughly ten years after re-admission, we

have substantially more data for children up to re-admission than we do for children up

to discharge. Panel A of Figure A.1 displays this point graphically by producing a lexis

diagram for the complete sample with each line representing a different child. The lines

begin when a child enters observation upon entry to the hospital and ends when the child

leaves observation either by being discharged from the hospital in adolescence, being restored

to a family member or dying while under the hospital’s care. Panel A clearly shows that the

abrupt end to record keeping in 1919 censors our data and limits the information we have

for children at all three life stages to a smaller group in our sample.

To understand the differences in information available, it is helpful to split the sample

into two cohorts: a full-age cohort and an early-age cohort. The full-age cohort, displayed

in Panel B of Figure A.1, consists of all children who were admitted to the hospital after

the first child with complete information at all three ages and before the final child with

information at all three ages. This allows us to precisely identify attrition in our sample

and discuss how it might influence our results. The early-age cohort, displayed in Panel C,
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includes all children who were admitted to the hospital after the first child with complete

information at admission and re-admission and before the final child with information at

both ages. Thus, the early-age cohort contains more children and covers a wider range of

birth years than the the full-age cohort. In this paper, the vast majority of the analysis is

conducted on the early-age cohort, but when we look at the association of infant feeding on

height in adolescence we are limited to the full-age cohort. All results for anthropometric

regressions are robust to only looking at the full-age cohort (not reported).

There are three sources of attrition in our sample. These are reported in detail for each

of the cohorts in Table A.3. The most prevalent is child deaths responsible for removing

around 11-13% of the sample. A small number of children were also restored to their mother

or another relative who came to claim them. The third source of attrition is equivalent

to loss to follow up in modern cohort studies and occurs around the cut off dates for each

cohort. Because discharge was staggered across various ages, among the last children in the

cohort, there were a few children who were admitted prior to the final child that we observe

at discharge who had not been discharged when the final child was discharged. Thus, we

do not observe these children’s discharge information despite the fact that they are within

the censoring dates of the cohort. We have tested whether attrition in general or specific to

any of the three types is related to any individual characteristics. We find significant effects

for deaths, which we expect and are one of our main outcomes of interest, but there are no

significant relationships between individual characteristics and the other forms of attrition

(not reported). The attrition in the full-age and early-age cohorts are represented graphically

in the lexis diagrams in Panels D and E of Figure A.1.
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Table A.1: Structure and sources of the Foundling Hospital Dataset

Life Stage Years Source (LMA Reference) Socioeconomic/Administrative Information Health Information

Birth 1892-1908 FH Petitions Mother’s approximate address Child’s birthday
(A/FH/A/8/1/2/102-117) Mother’s age Child’s sex

Where child was born
Father’s occupation

When mother last saw father
What became of father

1909-1914 Register of applications Mother’s approximate address Child’s birthday
(A/FH/A/8/5/1) Mother’s age Child’s sex

Father’s occupation

Pre-admission to FH 1892-1914 Medical Record Infant feeding practice (breast, milk or food)
(0-1 year old) (A/FH/A/18/15/1) Duration of breastfeeding

Admission to FH 1893-1914 Medical Record Admission date Child’s birthday
(around 0.37 years old) (A/FH/A/18/15/1) Hospital number Child’s sex

Admission age Weight
Subjective nutritional assesment

Vaccinated
Diseases present at entry

Time Fostered in Country 1893-1919 Medical Record County child was fostered in Diseases child was treated for in country
(1-6 years old) (A/FH/A/18/15/1)

Return from Country to FH 1897-1919 Medical Record Re-admission date Weight
(around 6 years old) (A/FH/A/18/15/1) Re-admission age Height

Subjective nutritional assesment
Eye exam
Ear exam

Time Resident in FH 1897-1919 Medical Record School standard Diseases child was treated for in hospital
(6-17 years old) (A/FH/A/18/15/1) Re-vaccinated

1897-1915 Weekly Infirmary Reports All diseases child was treated for in infirmary
(A/FH/A/18/5/30-35) Complications from diseases

Dates of entry to and exit from the infirmary
Duration of each sickness event

Discharge from FH 1907-1919 Medical Record Discharge date Weight
(around 15-17 years old) (A/FH/A/18/15/1) Discharge age Height

Employment after discharge Subjective state of health

Other Life Events

Restored to Parents 1892-1919 Medical Record Date of restoration
(any age) (A/FH/A/18/15/1) Who child was restored to

Deaths 1892-1919 Medical Record Date of death Cause of death
(any age) (A/FH/A/18/15/1) Place of death
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Figure A.1: Lexis diagrams illustrating the full sample, each of the cohorts and attrition in
each cohort

Notes: See text in Appendix A for definitions of the cohorts.
Sources: Foundling Hospital Dataset - See Appendix A.
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Table A.2: Father’s occupations of children in the Foundling Hospital Dataset

Condensed
HISCLASS Number of % of
Class Father’s Occupations Admissions Admissions

1 Higher managers and professionals 56 5.3
2 Lower professionals, clerical and sales personnel 256 24.1
3 Foremen and skilled workers 209 19.7
4 Farmers and fishermen 11 1.0
5 Lower-skilled workers 328 30.9
6 Lower-skilled and unskilled farm workers 41 3.9
7 Unskilled workers 105 9.9
Unknown Occupation not listed or unclassified 56 5.3

All 1062 100.0

Notes: We use a condensed version of the HISCLASS occupational class system recommended by Maas
and van Leeuwen (2005).
Sources: Foundling Hospital Dataset - See Appendix A; van Leeuwen and Maas (2011).
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Table A.3: Attrition tables for the full-age and early-age cohorts of the Foundling Hospital
Dataset

Children Lost to Total
Life Stage Observed Deaths Restored Follow-up Observations

Full Age Cohort (Birth Years 1892-1903)

Admission 546 0 0 0 546
100.0% 0.0% 0.0% 0.0% 100.0%

Re-admission 476 60 7 3 546
87.2% 11.0% 1.3% 0.5% 100.0%

Discharge 408 71 13 54 546
74.7% 13.0% 2.4% 9.9% 100.0%

Early Age Cohort (Birth Years 1892-1914)

Admission 1032 0 0 0 1032
100.0% 0.0% 0.0% 0.0% 100.0%

Re-admission 890 111 14 17 1032
86.2% 10.8% 1.4% 1.6% 100.0%

Notes: Restored children were returned to their parents. The lost at follow up
category relates to children who did not have information recorded at a certain
cut-off date but were admitted to the Foundling Hospital during the period
covered by one of the cohorts. See text in Appendix A for more information.
Sources: Foundling Hospital Dataset - See Appendix A.
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B More Information on Mortality in the London Foundling

Hospital

Calculating mortality for foundling hospitals around Europe has always been a complex

undertaking since the children were not technically observed from birth. Levene and others

have established slightly different techniques to deal with this by estimating the number of

children who were lost before coming into observation (Levene, 2007). This kind of estimation

is more difficult for this period in the London Foundling Hospital because only 15 children

(1.5 per cent of the early cohort) entered the hospital in their first month of life. Thus, it

is very difficult to use the trajectory of mortality in the first month to estimate mortality

rates for the first week as Levene did. Rather than trying to estimate earlier mortality, we

calculate the probability of death in each month of the first year of life and compare this

with Galley and Woods’s infant life tables for Victorian England and Wales. This procedure

solves the question of who is under observation because the only children who are counted

are those who entered the hospital prior to the month being analyzed and survived to the

first day of that month. We then simply calculate the percentage of these children who died

in the next month to get an nqx rate.

Figure B.1 shows these mortality rates compared with Galley and Woods’s infant life

tables for England and Wales, 1889-91 (Woods, 2000, p. 260). Mortality in the Foundling

Hospital was initially higher than urban areas in England and Wales, but over the months

mortality rates fell below the average and approximated the rate in rural England and Wales.

This pattern follows the average time that the children had been in the care of the Foundling

Hospital when they died, suggesting that as they were fostered in the country, the children

were subjected to rural levels of mortality rates. Splitting the Foundling Hospital sample

into an early group of children born in or before 1903 and a later group of children born after

1903, there is some improvement in mortality over time, especially in the third and fourth

months of life. Thus there was some improvement in mortality outcomes over time. Clearly,
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although mortality was high, especially in the earlier months, the picture of mortality in

the Foundling Hospital was much different in this later period than it was in the eighteenth

century when Levene estimated infant mortality rates as high as 833 per thousand during the

general reception and 357 per thousand from 1761-1800 after the general reception (Levene,

2007, p. 57). These mortality rates are also far below mortality rates in other Foundling

Hospitals around Europe at the beginning of the twentieth century (Revuelta-Eugercios,

2013, p. 54-5).

We can also compare early childhood mortality in the Foundling Hospital with mortality

in London and the two counties where the children were fostered to see whether the foundling

children did better or worse than the surrounding population (see Table B.1). For the most

part, the children had lower levels of mortality than both London and the surrounding

counties, suggesting that the treatment and care the children received from the county

medical officers and their foster mothers was fairly good for the most part. Clearly, unlike

many foundling hospitals in Europe and the earlier history of the London Foundling Hospital

itself, by the turn of the twentieth century, children in the London Foundling Hospital did

not face a higher mortality risk than the children surrounding them in the population. This

is quite remarkable considering that the children were admitted at relatively late ages to the

hospital and may have suffered poor treatment before entering the hospital.
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Figure B.1: Mortality rates (30qx) in the first year of life in the Foundling Hospital compared
with mortality rates from Galley and Woods’s infant life table for England and Wales, 1889-
91

Notes: Urban refers to deaths in three towns (Blackburn, Leicester and Preston) with
over 100,000 inhabitants and rural refers to deaths in three rural counties (Dorset,
Hertfordshire and Wiltshire). See Appendix B text for comments on how mortality
rates were calculated for the Foundling Hospital.
Sources: Foundling Hospital Dataset - see Appendix A; (Woods, 2000, p. 260).
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Table B.1: Child mortality risk in the Foundling Hospital compared with London, Surrey
and Kent, the counties where the foundling children lived and were fostered

Foundling Hospital Registration Counties 1901
Full Cohort Early Cohort London Surrey Kent

1q1 0.0280 0.0265 0.0540 0.0318 0.0330

1q2 0.0063 0.0034 0.0209 0.0099 0.0105

1q3 0.0042 0.0068 0.0134 0.0066 0.0083

1q4 0 0 0.0090 0.0065 0.0071

4q1 0.0388 0.0368 0.0944 0.0539 0.0579

Total Deaths 1-5 18 32 9447 788 1164

Notes: Mortality rates for the registration counties are actually age-specific mortality rates rather
than probabilities of death (nqx). However, the 4q1 rate for the counties was imputed from the
year-by-year mortality rates presented in the table.
Sources: Foundling Hospital Dataset - see Appendix A; ’Sixty-fourth Annual Report of the
Registrar- General’, pp. 124-26; ’Census of England and Wales 1901: County of London’, p.
66; ’Census of England and Wales 1901: Count of Surrey’, p. 41; ’Census of England and Wales
1901: Count of Kent’, p. 69.
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C More Information Infant Feeding in the Foundling

Hospital

This appendix discusses the feeding types available in the hospital in more detail. Table C.1

compares the incidence of exclusive breastfeeding, breastfeeding with supplementation and

never breastfeeding in the Foundling Hospital with other surveys from the early twentieth

century. These surveys primarily focussed on the working-class households and used a lot of

different survey methodologies. They are also problematic because although they targeted

infants (aged 0-1 year), some of the survey methodologies led them to over-sample younger

children, giving higher incidence of breastfeeding than would be drawn from a random sample

of infants. For example, the Salford surveys were conducted as part of a post-natal health

visitor service that would have oversampled younger infants. Thus, it is not surprising to see

such a high rate of breastfeeding among those surveys since breastfeeding incidence fell as

women weaned their children. The surveys also overestimated breastfeeding incidence since

working class households were more likely to breastfeed their children than their middle and

upper-class counterparts who had largely switched to cow’s milk, condensed milk or formula

(Fildes, 1992; Woods, 2000, pp. 284-5). The London surveys in Table C.2 were drawn from

Medical Officer of Health reports for various London boroughs and were based on health

visitor records. Taken together the reports covered feeding practices in the first month for

222,989 births or 39.2 per cent of registered births in the boroughs covered Fildes (1992).

However, the surveys provide a general perspective on working-class behavior that can be

used as a comparator for the Foundling Hospital. Clearly, breastfeeding incidence was much

lower among infants entering the Foundling Hospital than it was for infants in other urban

areas around England (see Section 3.3 in the main text for discussion of selection issues).

We can also explore breastfeeding duration in the Foundling Hospital and its representa-

tiveness in three ways. First, a few late nineteenth and early twentieth century surveys did

measure the incidence of each feeding type at different ages. Table C.2 shows these figures
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with feeding types from the Foundling Hospital at similar age intervals. The data is not

entirely comparable though since the town surveys reported on a mother’s current feeding

practice and the Foundling Hospital reported past practice as well. The London health vis-

itor data may also underestimate breastfeeding because health visitors tended to arrange

follow up visits with mothers they thought might run into problems (Fildes, 1992, p. 59).

The incidence of exclusive breastfeeding was much lower in the Foundling Hospital than

in any of the other surveys, even at young ages. Supplementation began in the Foundling

Hospital rather earlier than in the general population, and this group was much larger than

in the general population, though this included mothers who breastfed in the past but later

weaned their child onto milk and/or food alone. There was a much larger share of children

who were never breastfed in the Foundling Hospital as well.

All of the data, however, supports the idea that mothers weaned their children from breast

milk to milk and food during the first year of life. We can see this progression quite nicely in

the Foundling Hospital by looking at the disaggregated feeding types (Figure C.1). There is

a general shift from exclusive breastfeeding to supplementation, which is clear in Panel A and

also from milk to both milk and food as the incidence of the BMF and MF categories increased

with the infants’ ages. We can observe breastfeeding duration more directly through the

notes listed next to children who were breastfed and supplemented. These figures should be

taken with caution, however, because there was considerable heaping on one month units,

increasing potential measurement error. Figure C.2 shows the breastfeeding duration of

the exclusively breastfed and supplemented group. From the supplemented group we can

see that the median infant was weaned at two months though there was some variation

around this median. Interestingly, infants who were breastfed and supplemented has slightly

longer breastfeeding durations than children who were exclusively breastfed because the

supplemented group had a slightly later average admission date.
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Table C.1: Breastfeeding incidence among infants in the Foundling Hospital compared with
British towns in the early twentieth century

Feeding Type

Years B B+ NoB

Foundling Hospital 1892-1914 10.1 47.8 42

Salford (Greengates) 1902-07 82.3 7.9 9.9
Salford 1907-10 80.9 11.3 8
Stockport 1903-11 72.2 8.4 19.4
Derby 1900-07 67.7 14.5 17.8
Brighton 1903-05 62.7 15.3 22
Birmingham 1908-09 55.7 21.8 22.5

Notes: B is exclusively breastfed. B+ is breastfed with other sup-
plemental food. NoB is never breastfed. The surveys conducted
in the various towns used different sampling methodologies tar-
geting working class households and classified infant feeding in
slightly different ways. They refer to the incidence of the three
feeding types among children under one year, but they do not ac-
count for breastfeeding duration to approximate prevalence. The
rates in Salford are especially high because the data were collected
by health visitors offering post-natal care, leading them to over-
sample early infancy. Breastfeeding data for the historical UK is
very difficult to find, so this is the best available evidence to date
(Woods, 2000, p. 285).
Sources: Foundling Hospital Dataset - see Appendix A; Woods
(2000, p. 287).
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Table C.2: Breastfeeding incidence at various ages in the Foundling Hospital and other urban
centres in the late nineeteenth and early twentieth centuries

B B+ NoB

Foundling Hospital (1893-1914)
0-2 months 15.8 38.1 46.0
3-5 months 7.0 52.0 41.0
6-11 months 2.2 60.9 37.0

London - Fildes (1992)

London - 23 boroughs (1905-19)
0-1 months 85.9 6.5 7.6

St Pancras (1905-13)
0-2 months 84.1 7.9 8.0
3-4 months 65.7 15.2 19.2

Paddington (1907-11)
0-2 months 80.7 7.3 12.0
3-5 months 67.3 11.9 20.8
6-8 months 59.6 14.9 25.5

Finsbury (1908-9)
0-2 months 81.2 7.9 10.8
3 months 72.1 6.8 21.1

Stepney (1912-13)
0-2 months 82.5 9.8 7.8
3-5 months 72.1 6.8 21.1
6-11 months 6.4 57.4 36.3

Other Cities - Woods (2000)

Brighton (1903-5)
0-2 months 84.4 6.9 8.7
3-5 months 66.8 11.6 21.6
6-11 months 48.2 22.4 29.4

Liverpool (1894)
0-2 months 48.7 20.7 30.6
3-5 months 37.3 24.5 38.2
6-11 months 35.8 24.5 39.7

Notes: B is exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed.
Again, the data between the Foundling Hospital and the town surveys are not entirely comparable. While
the town surveys reflect the current feeding practice, the Foundling Hospital values reflect past practice
as well. Thus, there is a large share of foundling children in the breastfed and supplemented group at
age 6-11 months because this group also includes those who were breastfed exclusively at earlier ages and
then weaned on to other substances. This is confirmed by the breastfeeding duration listed in the medical
record. The duration figures for London may underestimate breastfeeding rates since health visitors in
some boroughs (e.g. Stepney) tended only to re-visit problem cases.
Sources: Foundling Hospital Dataset - see Appendix A; Fildes (1992, p. 60); Woods (2000, p. 288).
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Figure C.1: Feeding type incidence in the Foundling Hospital as observed across admission
ages

Notes: The various feeding categories correspond to combination of breast milk (B), milk (M) and food
(F) presented by the month of admission to the Foundling Hospital.
Sources: Foundling Hospital Dataset - see Appendix A.
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Figure C.2: Boxplot showing the duration of breastfeeding in days of the exclusively breastfed
(B) and breastfed with supplementation (B+) groups

Notes: For the exclusively breastfed group (B), the breastfeeding duration was equal
to the child’s age at admission to the Foundling Hospital assuming that their mother
continued to breastfeed them to that point. For the breastfed with supplementation
group (B+), we have used the breastfeeding duration recorded in the medical record.
There was considerable error in this measurement though since the duration was
mostly recorded in months with a few in weeks. Thus, the 25th percentile and median
for the B+ group are both equal to 60 days.
Sources: Foundling Hospital Dataset - see Appendix A.
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D Anthropometric Regression Results and Further Anal-

ysis

This section discusses our anthropometric results in more detail and provides regression

results that underpin the graphical results reported in the main text. Panel A of Figure D.1

shows the predicted values of admission weight from a regression interacting feeding type with

admission month dummies including all baseline controls. It shows that relative to modern

standards of weight-for-age infants admitted at subsequent months in all three groups fell

behind modern standards in the first four months of life, though never breastfed children

started at a lower level. Interestingly, Panel B shows that this did not mean that children

were losing weight in absolute terms but rather not experiencing weight gain at fast enough

levels. As mentioned in the main text, the growth faltering that these infants experienced

was much larger than the growth faltering measured by Victora et al. (2010) in a sample of

developing countries today, suggesting a major shock to their health and the potential for

catch-up growth (Boersma and Wit, 1997).

Tables D.1-D.3 report the regression results used to draw the graphs in Figure 5 in the

main text. In all three tables, Column 1 reports raw differences in weight growth, weight

and height at re-admission across the three feeding categories without including weight in

infancy. There were no statistically significant differences in weight or height-for-age Z-scores

in re-admission, which means that there was differential catch-up growth across the feeding

types from admission as shown in Figure D.1. Exclusively breastfed children experienced

weight growth one standard deviation of modern standards lower than the never breastfed

group. However, these specifications ignore the well-known propensity of children at lower

Z-scores to experience greater catch-up growth. Thus, when we include admission WAZ

in these regressions, we see a very strong relationship between initial weight-for-age and

subsequent growth. Interestingly though, there are systematic and significant differences in

the gradient between infant weight and later growth across the feeding types with exclusively
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breastfed children experiencing lower catch-up growth across the gradient. Thus, the graphs

presented in Figure 5 are very helpful in interpreting the mechanics of catch-up growth in

childhood.

Table D.4 and Figure D.2 report specifications for change in weight-for-age, weight-for-

age and height-for-age at re-admission for the disaggregated feeding types to test whether

exclusively breastfed children were indeed different from other children. Again, admission

weight-for-age was strong and significant in predicting subsequent growth, but the only

statistically significant differences in the gradient were for exclusively breastfed children.

Finally, Table D.5 displays the regression results showing the association between infant

feeding and height in adolescence. Although height-for-age at re-admission in mid childhood

was strongly associated with height at discharge in adolescence, there were no longer sig-

nificant differences in height-for-age across different infant feeding groups. Thus, the initial

deficits of exclusively breastfed children in infancy were totally erased.
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Figure D.1: Predicted admission weight-for-age Z-scores (A) and absolute weight (B) for the
three feeding types over the first 15 months of life

Notes: The values for each feeding type were predicted from regressions
interacting the feeding types with admission age (by month) dummies.
The regressions included all baseline controls in Equation 2.
Sources: Foundling Hospital Dataset - see Appendix A.
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Table D.1: Baseline associations between feeding types and change in weight-for-age Z-scores
(WAZ) between admission and re-admission

(1) (2) (3) (4) (5) (6)

Dep. Var.: Change in WAZ All All London London London London

B -1.004∗∗∗ -0.128 -0.976∗∗∗ -0.142 -0.999∗∗∗ -0.161
(0.177) (0.151) (0.202) (0.185) (0.200) (0.184)

B+ -0.417∗∗∗ -0.100 -0.352∗∗ -0.050 -0.378∗∗∗ -0.058
(0.122) (0.131) (0.141) (0.164) (0.140) (0.165)

NoB (ref) (ref) (ref) (ref) (ref) (ref)

Admission WAZ -0.800∗∗∗ -0.803∗∗∗ -0.802∗∗∗

(0.036) (0.049) (0.050)

Admission WAZ × B 0.112∗ 0.176∗∗ 0.175∗∗

(0.063) (0.073) (0.073)

Admission WAZ × B+ -0.020 -0.013 -0.011
(0.051) (0.063) (0.064)

Constant 0.682 -0.748∗∗ 0.466 -0.850∗∗ 0.047 -1.398∗

(0.615) (0.321) (0.646) (0.347) (1.448) (0.803)

Control Variables:
Male Dummy Yes Yes Yes Yes Yes Yes
Admission Age Dummies Yes Yes Yes Yes Yes Yes
Re-Admission Age Dummies × Male Yes Yes Yes Yes Yes Yes
Diseases at Admission Dummies Yes Yes Yes Yes Yes Yes
Diseases in Country Dummies Yes Yes Yes Yes Yes Yes
Mother’s Age Dummies Yes Yes Yes Yes Yes Yes
Father’s Class Dummies Yes Yes Yes Yes Yes Yes
Birth Location Type Dummies Yes Yes Yes Yes Yes Yes
Season of Birth Dummies Yes Yes Yes Yes Yes Yes
Birth Year Fixed Effects Yes Yes Yes Yes Yes Yes
Birth District Fixed Effects Yes Yes Yes Yes Yes Yes
Infant Mortality Rate No No No No Yes Yes

N 849 849 522 522 519 519
R2 0.398 0.793 0.363 0.763 0.366 0.763

Notes: Coefficients with robust standard errors in parentheses: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. B is
exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed. Additional
controls are listed in the table. Specification 2 was used to create Panel A of Figure 5 in the main text.
Sources: Foundling Hospital Dataset - see Appendix A.
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Table D.2: Baseline associations between feeding types and re-admission weight-for-age Z-
scores (WAZ)

(1) (2) (3) (4) (5) (6)

Dep. Var.: Re-Admission WAZ All All London London London London

B -0.118 -0.128 -0.263∗ -0.142 -0.278∗ -0.161
(0.118) (0.151) (0.142) (0.185) (0.142) (0.184)

B+ 0.027 -0.100 0.055 -0.050 0.048 -0.058
(0.076) (0.131) (0.090) (0.164) (0.091) (0.165)

NoB (ref) (ref) (ref) (ref) (ref) (ref)

Admission WAZ 0.200∗∗∗ 0.197∗∗∗ 0.198∗∗∗

(0.036) (0.049) (0.050)

Admission WAZ × B 0.112∗ 0.176∗∗ 0.175∗∗

(0.063) (0.073) (0.073)

Admission WAZ × B+ -0.020 -0.013 -0.011
(0.051) (0.063) (0.064)

Constant -1.112∗∗∗ -0.748∗∗ -1.162∗∗∗ -0.850∗∗ -1.784∗∗ -1.398∗

(0.340) (0.321) (0.377) (0.347) (0.762) (0.803)

Control Variables:
Male Dummy Yes Yes Yes Yes Yes Yes
Admission Age Dummies Yes Yes Yes Yes Yes Yes
Re-Admission Age Dummies × Male Yes Yes Yes Yes Yes Yes
Diseases at Admission Dummies Yes Yes Yes Yes Yes Yes
Diseases in Country Dummies Yes Yes Yes Yes Yes Yes
Mother’s Age Dummies Yes Yes Yes Yes Yes Yes
Father’s Class Dummies Yes Yes Yes Yes Yes Yes
Birth Location Type Dummies Yes Yes Yes Yes Yes Yes
Season of Birth Dummies Yes Yes Yes Yes Yes Yes
Birth Year Fixed Effects Yes Yes Yes Yes Yes Yes
Birth District Fixed Effects Yes Yes Yes Yes Yes Yes
Infant Mortality Rate No No No No Yes Yes

N 850 849 523 522 520 519
R2 0.323 0.400 0.256 0.342 0.254 0.341

Notes: Coefficients with robust standard errors in parentheses: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. B is
exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed. Additional
controls are listed in the table. Specification 2 was used to create Panel B of Figure 5 in the main text.
Sources: Foundling Hospital Dataset - see Appendix A.
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Table D.3: Baseline associations between feeding types and re-admission height-for-age Z-
scores (HAZ)

(1) (2) (3) (4) (5) (6)

Dep. Var.: Re-Admission HAZ All All London London London London

B -0.033 0.049 -0.299 -0.046 -0.313 -0.063
(0.166) (0.188) (0.213) (0.232) (0.217) (0.234)

B+ -0.046 -0.111 -0.032 -0.093 -0.040 -0.103
(0.095) (0.149) (0.121) (0.192) (0.122) (0.192)

NoB (ref) (ref) (ref) (ref) (ref) (ref)

Admission WAZ 0.191∗∗∗ 0.177∗∗∗ 0.179∗∗∗

(0.044) (0.061) (0.061)

Admission WAZ × B 0.169∗ 0.251∗∗ 0.250∗∗

(0.089) (0.098) (0.099)

Admission WAZ × B+ 0.010 0.006 0.007
(0.064) (0.082) (0.082)

Constant -1.436∗∗∗ -1.086∗∗∗ -1.606∗∗∗ -1.330∗∗∗ -2.171∗∗∗ -1.806∗∗

(0.419) (0.406) (0.484) (0.471) (0.822) (0.847)

Control Variables:
Male Dummy Yes Yes Yes Yes Yes Yes
Admission Age Dummies Yes Yes Yes Yes Yes Yes
Re-Admission Age Dummies × Male Yes Yes Yes Yes Yes Yes
Diseases at Admission Dummies Yes Yes Yes Yes Yes Yes
Diseases in Country Dummies Yes Yes Yes Yes Yes Yes
Mother’s Age Dummies Yes Yes Yes Yes Yes Yes
Father’s Class Dummies Yes Yes Yes Yes Yes Yes
Birth Location Type Dummies Yes Yes Yes Yes Yes Yes
Season of Birth Dummies Yes Yes Yes Yes Yes Yes
Birth Year Fixed Effects Yes Yes Yes Yes Yes Yes
Birth District Fixed Effects Yes Yes Yes Yes Yes Yes
Infant Mortality Rate No No No No Yes Yes

N 852 851 525 524 522 521
R2 0.305 0.363 0.216 0.275 0.211 0.271

Notes: Coefficients with robust standard errors in parentheses: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. B is
exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed. Additional
controls are listed in the table. Specification 2 was used to create Panel C of Figure 5 in the main text.
Sources: Foundling Hospital Dataset - see Appendix A.

72



Table D.4: Baseline associations between disaggregated feeding types and change in weight-
for-age Z-scores between admission and re-admission and re-admission weight- and height-
for-age Z-scores (WAZ and HAZ)

(1) (2) (3) (4) (5) (6)

Dependent Variables ∆WAZ ∆WAZ WAZ WAZ HAZ HAZ

B -1.085∗∗∗ -0.087 -0.096 -0.087 -0.069 -0.017
(0.188) (0.165) (0.123) (0.165) (0.170) (0.195)

BF -1.292∗∗∗ -0.183 0.168 -0.183 -0.185 -0.767∗∗

(0.472) (0.273) (0.230) (0.273) (0.255) (0.307)
BM -0.486∗∗∗ -0.098 0.036 -0.098 -0.138 -0.258

(0.154) (0.170) (0.090) (0.170) (0.112) (0.195)
BMF -0.624∗∗∗ 0.073 0.146 0.073 0.158 0.117

(0.205) (0.190) (0.128) (0.190) (0.150) (0.209)
F -0.306 0.509 0.084 0.509 0.158 0.737

(0.424) (0.773) (0.327) (0.773) (0.442) (0.911)
M (ref) (ref) (ref) (ref) (ref) (ref)

MF -0.400∗∗ 0.159 0.126 0.159 -0.071 -0.124
(0.197) (0.213) (0.126) (0.213) (0.147) (0.250)

Admission WAZ -0.818∗∗∗ 0.182∗∗∗ 0.195∗∗∗

(0.043) (0.043) (0.049)
Admission WAZ × B 0.131∗ 0.131∗ 0.167∗

(0.067) (0.067) (0.092)
Admission WAZ × BF -0.059 -0.059 -0.216∗

(0.100) (0.100) (0.118)
Admission WAZ × BM -0.017 -0.017 -0.008

(0.065) (0.065) (0.083)
Admission WAZ × BMF 0.036 0.036 0.059

(0.078) (0.078) (0.087)
Admission WAZ × F 0.176 0.176 0.230

(0.274) (0.274) (0.352)
Admission WAZ × MF 0.062 0.062 0.022

(0.075) (0.075) (0.101)
Constant 0.770 -0.809∗∗ -1.148∗∗∗ -0.809∗∗ -1.437∗∗∗ -1.077∗∗∗

(0.610) (0.332) (0.343) (0.332) (0.419) (0.413)

Control Variables:
Male Dummy Yes Yes Yes Yes Yes Yes
Admission Age Dummies Yes Yes Yes Yes Yes Yes
Re-Admission Age Dummies × Male Yes Yes Yes Yes Yes Yes
Diseases at Admission Dummies Yes Yes Yes Yes Yes Yes
Diseases in Country Dummies Yes Yes Yes Yes Yes Yes
Mother’s Age Dummies Yes Yes Yes Yes Yes Yes
Father’s Class Dummies Yes Yes Yes Yes Yes Yes
Birth Location Type Dummies Yes Yes Yes Yes Yes Yes
Season of Birth Dummies Yes Yes Yes Yes Yes Yes
Birth Year Fixed Effects Yes Yes Yes Yes Yes Yes
Birth District Fixed Effects Yes Yes Yes Yes Yes Yes

N 849 849 850 849 852 851
R2 0.405 0.793 0.325 0.402 0.310 0.371

Notes: Coefficients with robust standard errors in parentheses: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. B is
exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed. Additional
controls are listed in the table. Specification 4 was used to create Panel A of Figure D.2 and specification
6 was used to create Panel B.
Sources: Foundling Hospital Dataset - see Appendix A.
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Figure D.2: Predicted association between weight- and height-for-age Z-scores at re-
admission and admission weight-for-age Z-scores across the disaggregated feeding types

Notes: The regression lines depicted in the graph are predicted from our baseline multivariate analysis
in Table D.4 including all controls (columns 4 and 6 in the table). Thus, this is simply the graphical
representation of the regression results. The underlying data are provided as a reference. The gray
dashed line (at y = x) shows where the regression lines would have been if children had simply stayed at
their admission Z-score. B is exclusively breastfed. B+ is breastfed with other supplemental food. NoB
is never breastfed.
Sources: Foundling Hospital Dataset - see Appendix A.
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Table D.5: Baseline associations between feeding types and discharge height-for-age Z-scores
(HAZ)

(1) (2) (3) (4) (5) (6)

All All London London London London

B -0.306 -0.328 -0.596∗ -0.316 -0.577 -0.217
(0.285) (0.436) (0.354) (0.504) (0.351) (0.494)

B+ -0.134 -0.172 -0.139 -0.262 -0.126 -0.244
(0.162) (0.227) (0.180) (0.253) (0.183) (0.250)

NoB

Re-Admission HAZ 0.681∗∗∗ 0.723∗∗∗ 0.721∗∗∗

(0.072) (0.087) (0.086)

Re-Admission HAZ × B -0.058 0.027 0.071
(0.242) (0.271) (0.264)

Re-Admission HAZ × B+ -0.014 -0.112 -0.110
(0.118) (0.124) (0.124)

Constant -1.577∗ -0.046 -1.449∗ -0.068 0.447 2.041∗∗

(0.858) (0.658) (0.872) (0.727) (1.265) (1.025)

Control Variables:
Male Dummy Yes Yes Yes Yes Yes Yes
Admission Age Dummies Yes Yes Yes Yes Yes Yes
Re-Admission Age Dummies × Male Yes Yes Yes Yes Yes Yes
Diseases at Admission Dummies Yes Yes Yes Yes Yes Yes
Diseases in Country Dummies Yes Yes Yes Yes Yes Yes
Mother’s Age Dummies Yes Yes Yes Yes Yes Yes
Father’s Class Dummies Yes Yes Yes Yes Yes Yes
Birth Location Type Dummies Yes Yes Yes Yes Yes Yes
Season of Birth Dummies Yes Yes Yes Yes Yes Yes
Birth Year Fixed Effects Yes Yes Yes Yes Yes Yes
Birth District Fixed Effects Yes Yes Yes Yes Yes Yes
Infant Mortality Rate No No No No Yes Yes

N 367 366 237 236 237 236
R2 0.509 0.737 0.408 0.671 0.418 0.684

Notes: Coefficients with robust standard errors in parentheses: ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01. B is
exclusively breastfed. B+ is breastfed with other supplemental food. NoB is never breastfed. Additional
controls are listed in the table. Specification 2 was used to create Figure 6 in the main text.
Sources: Foundling Hospital Dataset - see Appendix A.
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E Selection and Scarring Before Admission

One disadvantage of the Foundling Hospital dataset, as mentioned in Section 3.3 above, is

that we do not observe the birth weights of the children, nor can we compare the birth

weights of our children with other children born in the same period. This is limiting because

we cannot understand how culling and scarring varied across the three feeding types that we

analyze prior to admission. We only observe the differences in WAZ at admission, which is

influenced by a number of factors. However, we can think schematically about how scarring

and culling might influence the admission weights that we observe. The approach described

below leads us to believe that culling effects were dominated by scarring in the pre-admission

period.

Figure E.1 presents a conceptual sketch of the relationship between hypothetical birth

WAZ and actual admission WAZ for exclusively-breastfed (B) and never-breastfed (NoB)

children in three scenarios. In all cases, we have assumed that the distribution of birth WAZ

of all groups had a mean of zero and standard deviation of one. This is well founded since

studies of birth weights from nineteenth-century maternity hospitals show birth weights in

that period to have been close to their modern mean and standard deviation (Schneider,

2017). We use the predicted differences in admission WAZ from our baseline specification in

Table 2 in the main text to determine the average distance between the exclusively-breastfed

and never-breastfed groups. Thus, both groups experienced scarring relative to their initial

birth weights, but scarring was much stronger among the never-breastfed group. We also

assume that the relationship between birth WAZ and admission WAZ is linear for simplicity

and because this matches the relationships we see at later stages of development, but this is

not necessary for the underlying logic to hold.

The three panels show different effects of scarring and culling across the distribution of

birth weights. These graphs should not be taken too literally. They only show the relative

effects of scarring and culling between birth and admission on the admission WAZ of the

never breastfed group relative to the exclusively breastfed group. In Panel A, we assume that
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selective culling was more common for never breastfed children at the low end of the initial

birth weight distribution. Medical studies have long shown that children with low birth

weights have a higher risk of death than children higher in the birth weight distribution

(Ward, 2003; Wilcox, 2001). Culling at low levels of birth weight in the absence of scarring

would not change the gradient between birth weight and admission weight. However, as

mentioned above, all children experienced a large degree of scarring from environmental and

other factors. If we imagine that there was a threshold below which mortality occured,

children born at the low end of the birth weight distribution who experienced large amounts

of scarring (or stunting in this case) would be more likely to cross that threshold than

children born at the same birth weight who did not experience substantial scarring. Thus,

when culling is dominant over scarring, the mean admission WAZ of surviving never breastfed

children would be much closer to the mean admission WAZ of exclusively breastfed children

at the low end of the initial birth weight distribution than at the top (α < β).

In Panel C, we assume that the scarring effect was more dominant at the low end of

the initial birth weight distribution, i.e. children with lower birth weights were more likely

to suffer in the absence of breast milk than children with higher birth weights or the pro-

tective effect of breast milk was more salient at the low end of the distribution. If this

were true, it would mean that the gap in admission WAZ between surviving never breast-

fed and exclusively breastfed children would be much greater at the lower end of the birth

weight distribution than at the top. Finally, Panel B assumes that the net effects of culling

and scarring on the never breastfed group were equal across the distribution of initial birth

weights relative to the exclusively breastfed group. This situation could be caused by two

underlying outcomes of scarring and culling. Either scarring and culling were equal across

the initial birth weight distribution, which seems unlikely given the weak health status of

low birth weight infants (Wilcox, 2001). Or the culling and scarring effects perfectly offset

one another leading the lines to be parallel.

We cannot observe these patterns in our data, but we do have a very interesting way of
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inferring whether the culling or scarring effects were more dominant. We know that nearly

all children experienced catch-up growth between their time of admission in the hospital and

their re-admission at age 5-6, which suggests that the hospital’s set of health and nutritional

interventions were very effective. Studies of catch-up growth generally show that children

who have fallen behind their initial health level the most experience the greatest catch-up

(Boersma and Wit, 1997). Thus, we can look at the relationship between admission WAZ

and re-admission WAZ to understand the culling and scarring that took place before the

children entered the hospital.

In Figure E.2, we assume that children’s catch-up potential is determined by their initial

health status (proxied by their birth weight) and show the hypothetical relationship between

admission WAZ and catch-up growth potential for the scenarios presented above. In both

cases, the catch-up potential of the never breastfed group is higher than the exclusively

breastfed group, which is what we observe in our data (see Figure 5 in the main text).

However, we see differences in the catch-up potential across the distribution of admission

WAZ depending on whether culling or scarring were dominant in the pre-admission period. If

culling were dominant, then the catch-up potential of never breastfed relative to exclusively

breastfed children would be greater at higher levels of admission weight. If scarring were

dominant, then the catch-up potential of never breastfed relative to exclusively breastfed

children would be greater at lower levels of admission weight. Looking at Figure 5 in the

main text, it is clear that never breastfed children experienced substantially greater catch-up

growth at lower levels of admission weight. This is confirmed econometrically in Tables D.1,

D.2 and D.3, which show a significant difference in the gradient of catch-up growth for

exclusively breastfed children relative to never breastfed children. Thus, this seems fairly

strong evidence that differences in scarring between the exclusively breastfed and never

breastfed groups across the distribution of initial health status in the pre-admission period

were much stronger than the differences in culling effect between the two groups.
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Figure E.1: Comparison of hypothetical relationship between birth WAZ and observed ad-
mission WAZ for exclusively breastfed and never breastfed children with various relative
levels of scarring and culling

Notes: We assume that the distribution of birth WAZ for both groups has a mean of zero and a standard
deviation of one. The average difference between the lines is determined from the predicted differences
in admission WAZ from our baseline specification in Table 2.
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Figure E.2: Comparison of catch-up growth potential after admission for exclusively breast-
fed and never breastfed children where culling or scarring is dominant in the pre-admission
period

Notes: We assume that children’s catch-up growth potential is determined by their initial health status,
proxied by their birth weight. Thus, this figure simply reverses the axes in Figure E.1. Panel C more
closely matches the pattern of catch-up growth that we observe in our data in Figure 5 in the main text,
so scarring effects appear to have been dominant in the pre-admission period.
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