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Early Life Health Interventions and Academic Achievement'

By PRASHANT BHARADWAJ, KATRINE VELLESEN L@KEN,
AND CHRISTOPHER NEILSON¥

This paper studies the effect of improved early life health care on
mortality and long-run academic achievement in school. We use the
idea that medical treatments often follow rules of thumb for assign-
ing care to patients, such as the classification of Very Low Birth
Weight (VLBW), which assigns infants special care at a specific birth
weight cutoff. Using detailed administrative data on schooling and
birth records from Chile and Norway, we establish that children who
receive extra medical care at birth have lower mortality rates and
higher test scores and grades in school. These gains are in the order
of 0.15-0.22 standard deviations. (JEL 111,112,118, 121, J13, O15)

This paper studies the effect of improved neonatal and early childhood health care
on mortality and long-run academic achievement in school. Using administrative
data on vital statistics and education records from Chile and Norway, we provide
evidence on both the short- and long-run effectiveness of early life health interven-
tions. The question of whether such interventions affect outcomes later in life is of
immense importance for policy not only due to the significant efforts currently being
made to improve early childhood health world wide, but also due to large dispari-
ties in neonatal and infant health care that remain between (and within) countries.’
While the stated goal of many such interventions is to improve childhood health and
reduce mortality, understanding spillovers and other long-run effects such as better
academic achievement is key to estimating their efficacy.

Beyond the immediate policy relevance of this question, examining the role of
early life health interventions in explaining academic achievement is also important
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! World Health Report (2005) documents the persistent gaps in provision of care which consequently leads to
largely avoidable deaths of over 4 million babies before they reach the age of 28 days and half a million mothers
at childbirth.

1862


http://dx.doi.org/10.1257/aer.103.5.1862
mailto:prbharadwaj@ucsd.edu
mailto:prbharadwaj@ucsd.edu
mailto:katrine.loken@econ.uib.no
mailto:christopher.neilson@yale.edu
http://dx.doi.org/10.1257/aer.103.5.1862

VOL. 103 NO. 5 BHARADWAJ ET AL.: EARLY CHILDHOOD HEALTH INTERVENTIONS 1863

because it highlights the role of health and social policy more generally in the educa-
tion production function. The recent literature on educational production functions
tends to find that a large part of the variation in educational outcomes is explained
by students’ individual “initial conditions” (Almond and Currie 201 1; Heckman and
Masterov 2007). Successful early life health interventions would suggest that ini-
tial conditions of students are not only a function of family and individual choices,
but also of public policies such as health care.’ As we show in this paper, the fact
that treatments soon after birth make a difference for schooling outcomes later on
suggests that the observed heterogeneity in educational outcomes can in part be
explained by heterogeneity in health care beginning at birth. By focusing on the role
of health care policy, such as the introduction of standardized neonatal care in Chile
or the widespread use of surfactant in Norway starting in the 1990s, we underscore
the importance of early life health care as a way to improve test scores and poten-
tially lower inequalities in achievement.

A growing literature in economics suggests that interventions during early child-
hood matter for later life outcomes. Papers have examined the role of child care
(Havnes and Mogstad 2011), pre-school and kindergarten related interventions
(Heckman et al. 2010; Chetty et al. 2011) and welfare programs (Almond, Hoynes,
and Schanzenbach 2010; Currie 2006) in determining later life economic outcomes.
While the literature on health and education has documented the effects of several
contemporaneous health interventions and their impact on educational outcomes,’
there are few studies in economics that causally link early childhood health inter-
ventions to academic performance later in life.! One example is Field, Robles, and
Torero (2009), who present evidence that children born to mothers subjected to an
iodine supplement program while pregnant complete more years of schooling in
Tanzania. A recent working paper by Chay, Guryan, and Mazumder (2009) relates
the narrowing of the black-white test score gap in the United States to improved
health access for blacks during infancy after the Civil Rights Act. We contribute
to this literature by providing causal evidence on the effect of improved neonatal
health care on mortality and academic achievement using administrative data from
two countries.

The challenge in examining the causal effect of health interventions is that they
are generally not administered randomly. Hence, infants who receive special medi-
cal attention may differ along various other dimensions that affect mortality and
school performance. To get around such confounding factors, we take advantage of
rules and recommendations for administering medical care to children who are born
with Very Low Birth Weight status (VLBW—birth weight less than 1,500 grams).

2 For example, Hoynes, Page, and Stevens (2011) find that WIC programs led to better birth outcomes. An excel-
lent reference on this is Currie (2006) where examples from many well known public safety net programs and their
impact on child well-being is discussed.

3 A small sampling of these studies are Miguel and Kremer (2004); Bleakley (2007); Behrman (1996); and
Glewwe, Jacoby, and King (2001). In the seminal work on educational externalities of health interventions by
Miguel and Kremer (2004), the intervention examined is contemporaneous with school outcomes.

4We differentiate ourselves from the literature examining the role of early childhood shocks in utero or other-
wise, (see for example Maccini and Yang 2009) because while we might know that endowments or shocks matter
for later life outcomes, this does not imply that treatments can remedy those assaults. Our paper is concerned with
understanding whether treatments matter for long-run outcomes. Several papers that document the importance of
early childhood health and later life outcomes are Black, Devereux, and Salvanes (2007); Currie (2011); and Conti,
Heckman, and Urzda (2010).
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Following Almond et al. (2010), the underlying assumption is that an infant born
with a birth weight of 1,490 grams is essentially identical to an infant born with a
birth weight of 1,510 grams, except for the extra medical attention that the lower
birth weight infant might receive. At these close margins, the role of confounding
factors is mitigated and inference can be carried out at least locally via a regression
discontinuity design.

Rules and recommendations regarding VLBW births appear to be quite salient
in many countries. In guidelines published by the Ministry of Health in Chile, the
medical recommendations for children born below 1,500 grams (or below 32 weeks
of gestation) are explicitly stated and eligibility for several publicly funded treat-
ments is determined by birth weight and gestational age. In Norway, a survey of
19 of the largest neonatal units revealed such cutoffs to be one of the main criteria
for assigning care (Skranes, Skranes, and Skranes 2000). We focus in particular on
the birth weight cutoff, which is measured at the gram interval in both Chile and
Norway, and compare children just under and over 1,500 grams to examine differ-
ences in outcomes as a result of extra medical treatments.

Results from both countries strongly support the idea that children below the 1,500
gram cutoff receive extra medical attention and that this results in significantly lower
mortality and better performance in school. In Chile, children born just below the cut-
off have around 4.4 percentage points lower infant mortality (death within one year
of birth). While slightly smaller in magnitude, we find statistically significant effects
on mortality in Norway as well. Following surviving children through school from
first to eighth grade in Chile, we find that those born just below the cutoff perform
0.15 standard deviations (SD) better in math than children born just above the cutoff.
In Norway we find a slightly larger effect of 0.22 SD using national exams taken in
tenth grade.” In both countries, we are able to examine a specific policy initiative of
administering surfactant therapy to newborns. Using the timing of the policy together
with the regression discontinuity framework described above, we find suggestive evi-
dence that the introduction of this treatment augmented the effect of being just below
the cutoff, lowering mortality and raising academic outcomes even more.

Our results are robust to standard regression discontinuity checks and additional
checks relevant to the cases with potential nonrandom heaping at certain round inte-
ger values.® We also have a unique internal check to ensure that our results are not
driven by nonrandom heaping at or around 1,500 grams. As mentioned earlier, the
rules and recommendations in Chile (and to a large extent in Norway as well) explic-
itly mention a 32 week gestational rule: all children (regardless of birth weight)
below 32 weeks of gestation are eligible for treatments. If heaping or rounding asso-
ciated with socioeconomic characteristics were an important driver of the results,
we would expect to find this to be true for the sample below 32 weeks in age as well
as above. However, we find that birth weight cutoffs play no role in determining

5 The sample of children observed in school is a selected sample of children who survive. In Section IVC we
address the extent to which this results in bias for our results on educational achievement. Our results suggest that
survival bias does not play an important role here.

6 This is particularly a problem when birth weight is measured in grams as well as ounces (Umbach 2000;
Barreca et al. 2011). However, in both Chile and Norway, birth weight is always measured in grams which helps
mitigate some of the problems identified in this literature. We explore these issues in detail in Section V and in the
online Appendices.
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mortality or test scores for children who were born with less than 32 weeks of gesta-
tion. We do not use gestational age itself in a regression discontinuity framework as
this could be a choice variable, driven by doctor or hospital characteristics/quality.
Conditional on gestational age, however, birth weight should not be manipulable.

I. VLBW Births in Chile and Norway

Health care in Chile is primarily funded by the public system which consists of 29
regions, each which has at least one hospital equipped for providing specialized care
to VLBW infants (and other infants who need advanced care) in a Neonatal Intensive
Care Unit (NICU). In 1991 a national committee of Chilean neonatologists set uni-
form standards for care and equipment at all NICUs in the country. Gonzalez et al.
(2006, p. €951) point out that, “A protocol has been implemented at the national level
to regulate the referral of neonates who are born in hospitals without a NICU to the
regional hospitals. There also are standardized protocols for the treatment of new-
borns who weigh less than 1,500g and for cases of respiratory distress syndrome”
(emphasis added). Between 1992 and 2000, 99 percent of births occur under skilled
care (doctor or midwife), approximately 68 percent of births occur in hospitals with
a NICU, and the number of NICUs in the country did not change.’

Publications by the Ministry of Health in Chile list the numerous medical recom-
mendations to be administered to children who are born with a weight of less than
1,500 grams and/or less than 32 weeks in gestational age.’ One of the most well
known programs introduced for VLBW births in Chile was the national surfactant
program which began in 1998. Under this program artificial lung surfactant is used
to treat respiratory distress syndrome in VLBW infants. Many public health articles
on Chile’s infant and neonatal mortality credit this program with reducing mortality
rates among VLBW infants in Chile (e.g., Gonzalez et al. 2006 and Jiménez and
Romero 2007).” Several public neonatal health care programs that were introduced
later went even further and not only recommended treatments for births under the
cutoff but made VLBW status an explicit requirement for program eligibility. For
example, PNAC prematuro is a program introduced in 2003 which provides spe-
cialized nutritional supplements and has its eligibility determined exclusively by
the cutoff birth weight and gestational age. A larger public health care expansion
introduced in 2005, called AUGE, provided additional neonatal examinations and
treatments determined again by the same cutoffs mentioned above.'"

In Norway, prematurity is defined as births of birth weight below 2,500 grams or
less than 37 weeks of gestational age. This category is again divided into subgroups
which follow the WHO recommendations of very low birth weight (VLBW) of less

7 For a review of neonatal care in Chile, its implementation during the 1990s in Chile, and evaluation in the
public health literature see Gonzalez et al. (2006) and Palomino, Morgues, and Martinez (2005).

8 A website maintained by the Committee of Neonatologists in Chile provides extensive information and recom-
mendations for the care of premature births (www.prematuros.cl).

° A manual with recommendations on how to treat and monitor premature births was published in 1999 with the
title including the 1,500 gram cutoff and 32 week gestational period again signaling the importance of the cutoff.
This is available in PDF form from the authors.

19 These include (i) screening for Retinopathy of Prematurity (ROP), which helps avoid blindness; (ii) screen-
ing and follow-up treatment for Sensorineural Hearing Loss (SHL); and (iii) treatment for Bronchopulmonary
Dysplasia (BPD), which is a chronic lung disease common in VLBW births.
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than 1,500 grams or less than 32 weeks of gestational age and extremely low birth
weight (ELBW) of less than 1,000 grams or less than 28 weeks of gestational age
(Markestad and Halvorsen 2007). Bratlid and Nordermoen (2010) provide a 40 year
overview of the treatment for VLBW children in Norway and give evidence that the
VLBW cutoff was important from the 1980s and onward.

The specific recommendations regarding VLBW births begin to appear in docu-
ments in the 1980s, several of which specifically state the cutoffs mentioned above
(Meberg 1988; Finne et al. 1988)."" Several recent studies provide direct evidence
on the practices in Norwegian neonatal wards. Bratlid and Nordermoen (2010)
report that only 14 percent of children born below 32 weeks of gestational age in
1970 received respiratory treatment and only half of them survived; however, by the
1980s these treatments had become more commonplace. At the end of the 1980s
75 percent of children born below 32 weeks of gestational age or below 1,500 grams
received respiratory treatment and beginning in 1989, surfactant became common
practice in the care of VLBW children in all hospitals in Norway (Saugstad 2010).
Skranes, Skranes, and Skranes (2000) surveyed all the main neonatal wards in
Norway and all hospitals that responded to the survey listed less than 1,500 grams as
their main indicator for having children in extra treatment and follow-up programs.
While other factors also determine care, VLBW is the only one common across all
neonatal wards. Similar to Chile and the United States, there are numerous medical
publications that recommend treatments for children less than 1,500 grams and/or
less than 32 weeks (Metodebok i nyfgdtmedisin 1998).

These policies and recommendations show a general trend in which the medical
community in Chile and Norway give special importance to the births below the
weight of 1,500 grams. In sum, it appears that the “rules of thumb,” as mentioned in
Almond et al (2010), are very much present in the Chilean and Norwegian context.
In Section V, using hospital level data from both countries, we directly provide evi-
dence for discontinuity in treatments around 1,500 grams for children greater than
32 weeks of gestational age.

II. Economic and Empirical Framework

We model birth weight BW, of an individual i as a noisy signal of initial health at
birth H;, which is unobserved to the econometrician. D; represent the collection of
hospital inputs that newborns receive at hospitals. These treatments are assumed to
depend on a decreasing function of health at birth, g(H;), and a random component v;.
However, due to the behavior of midwives, doctors, and clinics regarding the needs
of very low weight births, there is a discontinuous break in treatments provided at a
point in the birth weight distribution c. Given the evidence presented in the previous
section, we can think of the amount of treatment as shifted upwards by some dis-
crete amount ~ below the cutoff c.

! For example, Haugen and Markestad (1997, p. 305) specifically state, “At the neonatal intensive care unit,
Haukeland Hospital, University of Bergen, all infants born in the period 1/1/89-12/31/93 with birth weight less
than 1,500g or gestational age less than 32 weeks were examined for ROP if they still remained in the hospital 4-5
weeks after birth.”
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(1) BW, = H; + ¢, Birth weight and initial health
(2) D;=g(H)+ k- 1[BW, < c] +v; Additional initial medical care

In this framework, treatments D; will be correlated with the unobserved health com-
ponent not captured by birth weight through g(H,), thus confounding direct infer-
ence that conditions on birth weight. A regression discontinuity framework helps
identify the role of medical treatments at the cutoff c. We adopt this approach fol-
lowing Lee and Lemieux (2010) and estimate variants of the following equation for
different outcome variables y;:

(3) Yi=f(BW, —c¢) +a- I[BW, <]+ X5+ ¢,

where f(-) is a polynomial in the distance from the cutoff (we allow for different
slopes on either side of the cutoff), X; is a vector of covariates, and ¢; is an error term.
Threshold crossing will induce a discrete jump in treatment AD; = « which will be
uncorrelated with other determinants of outcome y,.

While a regression discontinuity framework generates randomization of precon-
ditions across the treatment threshold ¢, behavior of post-hospital investments can
potentially be influenced by treatment. Thus the interpretation of the estimated coef-
ficients should consider the possible role of parental or other nonhospital inputs that
may react to treatment, and which can amplify or reduce the effect of medical inter-
ventions on measured long-run outcomes. For example, academic achievement has
a long horizon, allowing for post-hospital investments to respond to initial treatment
D over time. To make this idea more precise, let I7°"(H, D, () represent all accumu-
lated investments up to period ¢, and be a function of initial health, treatment at birth,
and a vector of all subsequent shocks to health or educational ability (. Let academic
achievement be determined by initial conditions and the accumulated effects of all
subsequent inputs as in Todd and Wolpin (2007):

(4) Ay = (JS,[‘I, + D, + ‘;OtIItDU”(I_Ii’DieCi)
+ X5, + € Academic Achievement at ¢,

where A;, is the academic outcome for child i at time 7. A regression discontinuity
approach will help solve the problem of nonrandom assignment of D; at least locally.
However, this framework also makes explicit that post-hospital investments may
react to treatments and that the estimated coefficient o from the regression discon-
tinuity in equation (3) will reflect the combination of the effect of initial treatment
and the reinforcing or countervailing effect of later investments. Specifically, we
can write the following expression for the coefficient of interest from the regression
discontinuity estimation from equation (3):

a=1v-Kk+¢- AHMZ(C)’

where 1), - k is the structural effect of additional treatments at birth on academic
achievement in 7 and AI?*(c) is the difference in average post-hospital investments



1868 THE AMERICAN ECONOMIC REVIEW AUGUST 2013

children will receive as a consequence of obtaining additional treatment at the cut-
off. The estimated coefficient & should thus be interpreted as the total policy relevant
effect of the increased medical care at this margin, which may include any possible
reaction by post-investments. In our empirical analysis we attempt to gauge how
important post-investments may be. We observe different sources of parental invest-
ments: time use surveys, quality of child care and school, timing of the mother’s
return to the labor force, etc., and study how these vary across the cutoff to search
for evidence of differential post-investments.

An additional point to be made is that if treatment is effective in lowering mortal-
ity, the composition of children who survive to school age will also be affected. We
deal with the composition bias in two ways. First, we assign counterfactual scores to
children who died above the cutoff and examine the percentiles at which these chil-
dren would have to score to nullify our results. The idea is to test how well children
who died above the cutoff would have had to perform to smooth out our discontinu-
ity in test scores. Second, we compute Lee (2008) bounds that specifically account
for this type of attrition. These results are presented in Section V.

We estimate equation (3) using triangular weighted OLS within a window around
the cutoff, and report the coefficients with robust standard errors clustered at the
gram level (Lee and Card 2008). Since the cutoffs are only valid for births greater
than or equal to 32 weeks in gestational age, we estimate separately for births below
and above the gestational age cutoff. For births below 32 weeks in gestational age,
we expect to see no discontinuity in outcomes.'Z We examine mortality using a
similar specification.

We primarily use a window of 1,400-1,600 grams in Chile and a window of
1,300-1,700 grams in Norway for this study. In Section V, we explore the sensi-
tivity of our results to a wide range of windows and polynomials on either side of
1,500 grams. To keep the set of covariates consistent across countries, we control
for maternal characteristics (education, age, and marital status), type of birth ser-
vice (doctor or midwife), birth region (in the case of Norway we use county), sex,
and year of birth. We control for heaping at the 1,500 gram point as suggested by
Barreca et al. (2011) in both regressions and graphical analysis. While these con-
trols form the basis of our preferred specification, in Section V we explore a variety
of issues, some common to RD designs and some specific to our context of examin-
ing birth weight as a running variable.

III. Data
A. Chile

The data we use from Chile comes from matching the population of births
between 1992 and 2007 to death certificate data for the same years, and test score

12 A general concern with the approach of dividing the sample into less than and greater than 32 weeks of ges-
tational age is that the problems faced by VLBW children of greater gestational age (for example, these children
might be small for gestational age) could be different from that faced by children of lesser gestational age. In order
to directly examine children closer together in gestational age, online Appendix B, Table 11 reproduces some of
the main results using gestational age of 30, 31, 33, and 34 weeks. The results are very similar using this restricted
sample.
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and transcript records between 2002 and 2010. As most children in the later years
of the data are too young to be observed in school, we use births between 1992 and
2002 for our main sample and concentrate on academic achievement between first
and eighth grade. The data on births and deaths come from administrative records
provided by the Health Ministry of the Government of Chile (MINSAL). The data
with valid identification accounts for 99 percent of all births and deaths in published
aggregate figures (online Appendix B, Table 1). This dataset provides data on the
sex, birth weight, birth length, weeks of gestation, and several demographic charac-
teristics of the parents such as the age, education, and occupational status. In addi-
tion, the dataset provides a variable describing the type of birth, be it a single birth,
double (twins), triple (triplets), etc. Focusing on births of weight within the relevant
window of 1,400 grams to 1,600 grams, we see that mothers in this part of the birth
weight distribution are surprisingly similar to the average mother. They have similar
education levels, age, and are only slightly less likely to be married at the time of
birth. However, 17 percent of births in this range are multiple, which is much higher
than the population average of 1.8 percent. Births in this low birth weight window
are also more likely to be attended by a doctor (54.9 percent) instead of a midwife
(44.3 percent), (online Appendix B, Table 2).

We observe 4.02 million births between 1992 and 2007, out of which 0.9 percent
(approximately 35,000 births) are observed to be below 1,500 grams in birth weight
and are considered VLBW. Within the bandwidths we examine in this paper (between
1,400 and 1,600 grams) we observe 12,247 births. Among these, 6,782 births are for
infants who are equal to or above 32 weeks of gestation. Dropping observations that
are missing important covariates such as mother’s education and marital status, and
restricting the sample of births to those with mothers in the age range of 15-43 years
leaves us with a sample of 6,109 births.'? Our estimating equations use triangular
weights which give the end points of 1,400 grams and 1,600 grams a weight of 0, so
that our final estimating sample contains 5,129 observations for the mortality sample.

The data on academic achievement comes from two sources. The first dataset on
school achievement comes from administrative transcript data for the population
of students in school between 2002 and 2010. This data was made available by the
Ministry of Education of Chile (MINEDUC) and covers all students in the country.
The detailed transcripts include grades by subject for each student in a given year.
We construct language and math averages and standardize grades for each student at
the school-classroom level and average across first and eighth grade.'? Ninety-five
percent of all births between 1992 and 2002 are matched to this measure of their aca-
demic success. Using similar restrictions as above (and not counting the end points of
1,400 and 1,600 grams), we are left with a sample of 2,877 births above the gestational
age of 32 weeks for regressions involving academic performance. Online Appendix B,
Table 3 presents the outcome of the merge between vital stats and different educa-
tional records taking into account the births that have not survived until schooling age.
This measure of academic achievement is useful both because it gives the maximum

13 Our results are unchanged if we include some of these missing observations by adding a dummy variable to
denote missing status (for example, mother’s marital status).

14 Alternative measures of academic achievement we study are average GPA, different ways of standardizing
grades, and averaging over different grade levels.
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possible number of observations, and because it also provides a measure of perfor-
mance that is calculated over the entire school year and across several grades.

The second source of data is a national test administered to all fourth grade stu-
dents in Chile called the SIMCE. We observe test scores for fourth graders in 2002
and yearly from 2005 to 2010 and standardize the scores by cohort. In cohorts that
would have been in fourth grade (based on age), the match rate between vital sta-
tistics and fourth grade SIMCE is approximately 90 percent for the full distribution
but 80 percent for births in the window of birth weight studied. Tables in online
Appendix B show the details of this merge rate. While providing rich data on stu-
dent characteristics, the amount of observations with SIMCE scores in the VLBW
range is limited both because it was administered in years that cover about half the
births between 1992 and 2002 and because of overall lower match rates due to miss-
ing or corrupted IDs in the SIMCE data. An important consideration here is that the
match rates for both the administrative data on grades and SIMCE test data show no
significant discontinuity at the cutoff of 1,500 grams.

B. Norway

For Norway, the primary data source is the birth records for all Norwegian births
over the period 1967-1993. We obtained this data from the Medical Birth Registry
of Norway. The birth records contain information on year and month of birth, birth
weight, gestational length, age of mother, and a range of variables describing infant
health at birth including APGAR scores,'> malformations at birth, transfer to a
neonatal intensive care unit, and infant mortality. We are also able to identify twin
births. Using unique personal identifiers, we match these birth files to the Norwegian
Registry Data, a linked administrative dataset that covers the entire population of
Norwegians aged 16-74 in the 1986-2008 period, and is a collection of different
administrative records such as the education register, the family register, and the tax
and earnings register. These data are maintained by Statistics Norway and provide
information about educational attainment, labor market status, earnings, and a set of
demographic variables (age, gender), as well as information on families.

We can link data on grades from tenth grade to children in the birth files using
unique identifiers. These records are provided directly from the schools to Statistics
Norway. Written and oral exams are administered in the final year of junior high
school at the national level and are externally graded. The written exam could be
in either math, Norwegian, or English, with exam subjects determined at the school
level. The students are informed of which exams they will take three days before
the exam date. The oral exam is administered in a quasi-randomly selected subject
and is also graded externally. As tenth grade is the last of the compulsory years of
schooling, the grade obtained on this national test is important when applying for
admission to selective high schools. The grades on this test range from 1 to 6, in
discrete integers. We standardize the tests at the yearly national level. This data is
available for cohorts born between 1986 and 1993.

!5 APGAR scores are a composite index of a child’s health at birth and take into account Activity (and muscle
tone), Pulse (heart rate), Grimace (reflex irritability), Appearance (skin coloration), and Respiration (breathing rate
and effort). Each component is worth up to 2 points for a maximum of 10.
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Mothers who give birth in this part of the birth weight distribution are quite similar
to the average mother in the overall population of births, although they are slightly
less likely to go to college and be married. Births in this range are much more likely
to be multiple. Between 1,300 and 1,700 grams, 25 percent of births were twins or
triplets, which is much higher than the population average of 2.4 percent. See online
Appendix B, Table 2 for more characteristics of VLBW births in this sample.

We observe 460,507 births between 1986 and 1993, out of which 0.8 percent
(3,741 births) are observed to be below 1,500 grams in birth weight and are con-
sidered VLBW. Within the birth weight window we examine for Norway (between
1,300 and 1,700 grams) we observe 2,477 births. We use a different window in
Norway to increase sample size and to get more stable estimates for the academic
achievement results, although our results are statistically significant even for smaller
windows. We explain this window choice more in the results section. Among these
2,477 births about 1,498 births are for infants who are above 32 weeks of gestation
(inclusive). More than 72 percent of all births born between 1986 and 1993 are
matched to their educational records. We lose some observations due to deaths (neo-
natal, infant, and later deaths) and some to missing information on grades (this could
be due to illness, strikes during the exam period, or other reasons for not taking the
exams). Descriptive statistics for the sample is available in online Appendix B. As in
Chile, we find no discontinuity in match rates around 1,500 grams.

IV. Results
A. Treatments

The rules and recommendations for medical treatment of premature births in Chile
and Norway highlight the importance of providing special care for births below
1,500 grams or less than 32 weeks of gestation. Confirming the discontinuity of
treatments quantitatively is difficult given the lack of micro data on hospital inputs.
However, data on NICU usage from Norway and hospitalization records from public
hospitals for a subset of approximately 30 percent of births from 2001 to 2007 in
Chile, provide evidence that is consistent with differential health treatments across
the relevant threshold. We also see that as expected from the description of the dis-
continuity in Section II, the evidence suggests a break in treatment at 1,500 grams
for births of 32 weeks of gestation and above, but none for births of 31 weeks and
below. This also provides evidence that this shift is not due to issues associated with
nonrandom heaping.

Since all graphs in the paper largely follow the same format, it is useful to under-
stand how these graphs are constructed. We drop observations at 1,500 gram point
from the data while constructing graphs to be consistent with our regression results
that control for the heap at this point (as we show later, our regressions are robust to
dropping this point from the analysis). The dark lines are a linear fit using triangular
weights on either side using the micro data (these triangular weights result in a
weight of 0 to the 1,400 and 1,600 gram point, which is consistent with our regres-
sions) using no coviariates. The dots represent averages of 30 gram bins (approxi-
mately 1 ounce) centered at 10 gram intervals. Graphs with different window and
bin widths are presented in online Appendix B.
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FIGURE 1. TREATMENTS AROUND 1,500 GRAMS

Notes: Top panel of this figure shows the relationship between birth weight and median days spent in public hos-
pitals counting all hospitalizations that begin during the first month of life in Chile. The bottom panel shows the
relationship between birth weight and whether or not the child was admitted to a Neonatal Intensive Care Unit in
Norway. Data from Chile covers cohorts born 2001-2006, Norway data covers cohorts 1980—-1993.

General graphing notes: We drop observations at 1,500 gram bin from the data while constructing graphs to be con-
sistent with our regression results that control for the heap at this point. The dark lines are a linear fit using triangular
weights on either side using the micro data. The dots represent averages of 30 gram bins (approximately 1 ounce)
centered at 10 gram intervals. Graphs with different window and bin widths are presented in online Appendix B.

shows the relationship between birth weight and days of hospitalization
that begin within the first month of life in Chile and NICU usage in Norway.

provides the regression analog of these graphs. Children just below
1,500 grams in Norway are about 14 percentage points (43 percent) more likely to
be admitted to a NICU, and children in Chile just below the cutoff spend around four
days more in the hospital (over a mean of 28 days).'¢ The NICU data from Norway,

16 Hospital days is analyzed using a quantile regression at the median. The reason for this is that the number of
observations are small and there are significant outliers which influence the results when using means. We experi-
mented with other specifications which are presented in online Appendix B, Table 4 and find the results are largely
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TABLE 1—TREATMENTS AROUND 1,500 GRAMS

All Gestational age ~ Gestational age
gestational ages > 32 weeks < 32 weeks

Panel A. Chile: number of days spent in hospital within a month of birth

Birth weight < 1,500 1.576 3.976%* 0.91
(1.465) (1.6) (3.374)

Mean of dependent variable 32.95 28.89 37.38

Observations 862 449 413

Panel B. Norway: whether child was transferred to a NICU

Birth weight < 1,500 0.087%* 0.143%** 0.004
(0.035) (0.052) (0.034)

Mean of dependent variable 0.31 0.28 0.35

Observations 2,111 1,224 887

Notes: Window of 100 grams on either side of 1,500 grams used. Regression controls for mother’s age, education
and marital status, year of birth, and region/municipality of birth fixed effects, type of birth service, and 100 gram
heap fixed effect. Linear slopes on either side of 1,500 grams are included and regression is weighted using triangu-
lar weights (only in Norway in this case). Standard errors are clustered at the gram level. Due to some outliers driv-
ing the results in small sample sizes in Chile, reported regressions are quantile regressions evaluated at the median.
*##%Sjgnificant at the 1 percent level.
**Significant at the 5 percent level.
*Significant at the 10 percent level.

and hospitalization data from Chile, are consistent with the idea that a broad set of
medical inputs have been applied differentially across the birth weight cutoff of
1,500 grams for births that are at least 32 weeks of gestational length.

B. Mortality

Mortality is a relatively short-run outcome which additional medical treatment
would affect differentially across the relevant threshold. Figure 2| shows infant mortal-
ity, defined as death before the first year of life, in both Chile and Norway. Comparing
the different panels in Figure 2 it is clear that most of the impact of being just below
the cutoff of 1,500 grams is for children who were above 32 weeks of gestational age.

| Table 2|estimates equation (3) and shows the results for infant mortality by ges-
tational age. We find, as expected, that the 1,500 gram cutoff does not seem relevant
for children less than 32 weeks in gestational age in either country. Column 2 indi-
cates that children below 1,500 grams are 4.4 percentage points less likely to die
within a year compared to children just above 1,500 grams in Chile (average infant
mortality for this birth weight range is 10.9 percent). Given the low average mortal-
ity within this birth weight range, this is a fairly large effect.'”

In Norway, children below 1,500 grams are 3.1 percentage points less likely to die
within a year if they are born at or greater than 32 weeks in gestational age. This is
a substantial effect given the already low average infant mortality rate for this group

consistent. Public hospitals were identified using the name of the institution which was available for 77 percent of
births in the sample after 2001.

7 In online Appendix B, Table 18, we show that the mortality effect in Chilean hospitals is most prominent in
public hospitals where one expects stricter adherence to such rules of thumb. In addition, the effect around the cutoff
is greater in hospitals that have a NICU.
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FIGURE 2. INFANT MORTALITY

Notes: This figure shows the relationship between birth weight and infant mortality in Chile and Norway. Cohorts
born between 1992 and 2007 in Chile, and 1980 and 1993 in Norway are used for this graph. General notes from
Figure 1 apply.

of around 4 percent. We consider these results in line with children receiving extra
treatments below the cutoff.

C. Academic Achievement

Whether medical interventions have a lasting impact on human capital can be
analyzed by examining the relationship between academic achievement later in life
and birth weight around the cutoff. presents a visual representation where it
is clear that there is an effect, and that most of the impact of being below the cutoff
is for children born with greater than 32 weeks of gestation in Chile and Norway.'®

18 Note that while there might appear to be a cutoff for Chile for less than 32 weeks, note that it goes in the
opposite direction and also it is statistically insignificant.
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TABLE 2—MORTALITY AROUND 1,500 GRAMS BY GESTATIONAL AGE

All Gestational age Gestational age
Chile: Birth cohorts 1992-2007 gestational ages > 32 weeks < 32 weeks
Infant mortality (death within one year of birth)
Birth weight < 1,500 —0.0261* —0.0449%* —0.00228
(0.0134) (0.0181) (0.0196)
Mean of dependent variable 0.116 0.109 0.125
Observations 9,348 5,129 4219
Norway: Birth cohorts 1980-1993
Infant mortality (death within one year of birth)
Birth weight < 1,500 —0.03* —0.031%* —0.028
(0.015) (0.013) (0.027)
Mean of dependent variable 0.053 0.036 0.08
Observations 4,035 2,437 1,598

Notes: Window of 100 grams on either side of 1,500 grams used for Chile and window of 200 grams on either side
of 1,500 grams used for Norway. Regression controls for mother’s age, education and marital status, year of birth
and region/municipality of birth fixed effects, type of birth service, and 100 gram heap fixed effect. Linear slopes
on either side of 1,500 grams are included and regression is weighted using triangular weights. Standard errors are
clustered at the gram level.
##*Sjgnificant at the 1 percent level.
**Significant at the 5 percent level.
*Significant at the 10 percent level.

estimates equation (3) using school performance as the dependent vari-
able. As before, these estimates are simply regression analogs of Figure 3. In Chile,
we find consistent results when looking at different measures of academic achieve-
ment such as transcript level grades in math and language, overall GPA, and scores
from a national exam (SIMCE) administered in fourth grade.' Table 3 shows that
children below 1,500 grams perform around 0.15 SD better in math classes com-
pared to students just above 1,500 grams. Online Appendix A, Table 1 shows an
analogous result for language. The impact of being below the cutoff on average GPA
from first to eighth grade is also positive and significant. As discussed in Section 1V,
the SIMCE is a national test administered to all fourth graders in Chile on a sub-
sample of years. Table 3 shows that children born just below the cutoff on average
obtain scores that are 0.13 SD higher, although this is only significant at the 15 per-
cent level. Note that estimates using the SIMCE have fewer observations since we
observe this test only for children in fourth grade and for less cohorts since the test
was administered every year starting in 2005 (we have data until 2010). The general
pattern of the results from the SIMCE, even though they are not statistically signifi-
cant, appear consistent with our overall results.

19 Online Appendix A, Table 1 provides other measures of school performance that restrict transcript data to
grades 1-4 or standardize at the national level instead of the classroom level. The results are found to be very
similar. Another point to note is that given the nature of the transcript data in Chile, some observations have more
math grades available than other observations, depending on how long we observe them in school. We have tried
specifications where we put more weight on the students with more observations and this does not change the basic
import of the results. In particular, while the effect size decreases to around 0.101 SD, the effect remains statistically
significant at the 5 percent level.
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FIGURE 3. SCHOOL PERFORMANCE

Notes: This figure shows the relationship between birth weight and standardized math grades, averaged over grades
one to eight in Chile and nationally standardized test scores (tests are either in math or language) administered in
tenth grade in Norway. Chilean data consists of cohorts born 1992-2002 and Norwegian data consists of cohorts
born 1986-1993. General notes from Figure 1.

The Norwegian results use the tenth grade national exam administered yearly
starting in 1986. We use the standardized average of the written and oral portion of
the national exam. Cohort sizes being much smaller in Norway (compared to Chile),
Table 3 shows that the results are sensitive to choice of window length around
1,500 grams. Using the same 100 gram window as in Chile results in significant
but rather large estimates of the impact of being below 1,500 grams. From online
Appendix A, Table 7 it is clear that the size of this coefficient falls by half when we
use a window of 120 grams on either side of 1,500 grams. The size of the coefficient
however remains stable after that. We thus prefer using a 200 gram window on either
side of 1,500 grams in Norway. Not only does the magnitude appear more in line
with what we find in Chile, but we obtain more precision since a larger window pro-
vides more observations. Our preferred estimates from Norway suggest a 0.22 SD
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TABLE 3—SCcHOOL PERFORMANCE AROUND 1,500 GRAMS BY GESTATIONAL AGE

Chile school outcomes

All Gestational age  Gestational age
Birth cohorts 1992-2002 gestational ages > 32 weeks < 32 weeks
Classroom standardized math scores
Birth weight < 1,500 0.0676 0.1527%%* —0.0363
(0.0484) (0.0583) (0.0750)
Mean of dependent variable —-0.155 —0.153 -0.157
Observations 5,022 2,877 2,145
School GPA
Birth weight < 1,500 0.0247 0.0905%* —-0.0594
(0.0222) (0.0364) (0.0344)
Mean of dependent variable 5.771 5.786 5.752
Observations 5,114 2,935 2,179

SIMCE Scores in math (administered only in 2002 and yearly from 2005-2010)

Birth weight < 1,500 -0.0176 0.135 —0.232%*
(0.0845) (0.0906) (0.135)
Mean of dependent variable —-0.156 -0.157 -0.154
Observations 2,469 1,463 1,006
Birth cohorts 1986-1993 Norway tenth grade national exam

100 gram window on either side of 1,500 grams

Birth weight < 1,500 0.275% 0.476%** 0.025
(0.150) (0.097) (0.334)

Mean of dependent variable —-0.081 —-0.145 0.011

Observations 940 556 384

200 gram window on either side of 1,500 grams

Birth weight < 1,500 0.179%* 0.228%* 0.101
(0.089) (0.087) (0.171)

Mean of dependent variable -0.114 —0.166 -0.03

Observations 1,880 1,163 717

Notes: Window of 100 grams on either side of 1,500 grams used for Chile and window of 100 and 200 grams on
either side of 1,500 grams used for Norway. Regression controls for mother’s age, education and marital status, year
of birth and region/county of birth fixed effects, type of birth service, and 100 gram heap fixed effect. Linear slopes
on either side of 1,500 grams are included and regression is weighted using triangular weights. Standard errors are
clustered at the gram level.
*##%Sjgnificant at the 1 percent level.
**Significant at the 5 percent level.
*Significant at the 10 percent level.

increase in scores for children born below the cutoff. Some of the results for less
than 32 weeks appear sizable, although they are usually insignificant (except in the
case of SIMCE) and in the opposite direction.

Bias Due to Selection into Survival.—The results on differential mortality around
the 1,500 gram cutoff suggest that there is selection into being observed in school
which will introduce bias as survivors are likely to get different scores than those
who do not survive. In general we think that the bias would lead to an underestimate
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TABLE 4—COUNTERFACTUALS USING NONSURVIVORS OF INFANCY

Percentile of test score assigned to nonsurvivors above 1,500 grams

Only
survivors ~ Median 55th 60th 65th 75th 80th

Chile
Birth weight < 1,500 0.152%* 0.145%%* 0.145%: 0.140%* 0.118%:* 0.0582  —0.00244

(0.0583)  (0.0581)  (0.0581)  (0.0567)  (0.0583)  (0.0596)  (0.0612)
Observations 2,877 3,166 3,166 3,166 3,166 3,166 3,166
Norway
Birth weight < 1,500 0.228** 0.231%%* 0.2327%* 0.226%* 0.224 %% 0.216%* 0.205%*

(0.087) (0.088) (0.088) (0.087) (0.087) (0.086) (0.086)
Observations 1,163 1,184 1,184 1,184 1,184 1,184 1,184

Notes: This table assigns counterfactual scores to children with birth weight above 1,500 grams who are not
observed in the data due to death within the first year of their lives. These children are assigned scores at the percen-
tile (indicated at each column) within their 10 gram birthweight bin. Window of 100 grams on either side of 1,500
grams used for Chile and window of 200 grams on either side of 1,500 grams used for Norway. Regression controls
for mother’s age, education and marital status, year of birth and region/municipality of birth fixed effects, type of
birth service, and 100 gram heap fixed effect. Linear slopes on either side of 1,500 grams are included and regres-
sion is weighted using triangular weights. Standard errors are clustered at the gram level.
*##*Sjgnificant at the 1 percent level.
**Significant at the 5 percent level.
*Significant at the 10 percent level.

of the true effect. This is because the weakest children survive below the cutoff, and
these children might get the worst grades among their birth weight cohort. On the
other hand, the weakest children above the cutoff end up dying, hence, raising the
average test scores for those birth weight groups.

In|Table 4] we offer some counterfactual scenarios where we examine the extent
of this bias. We consider pessimistic scenarios and start by assigning nonsurviving
children above 1,500 grams the median score of their birth weight group. In both
countries we use birth weight grouped at the 10 gram level to assign these counter-
factual scores. We subsequently assign the nonsurvivors better and better scores,
ranging from the 55th percentile to the 80th percentile within their nearest 10 gram
birth weight bin. Under the counterfactual scenario of the nonsurvivors scoring at
the 75th percentile (or higher) of their birth weight bin class in Chile, we no longer
find evidence for a discontinuity. In the Norwegian case, there does not appear to be
a point beyond which we would not find a discontinuity in scores. Hence, the selec-
tion into mortality above the 1,500 gram mark has to consist of some of the smartest
children in their birth weight bin class for our results to disappear.

More formally, we can adapt the procedure outlined in Lee (2008) to create bounds
for our treatment effects. The main idea behind the bounding procedure is to identify
the extra people who are treated into survival below 1,500 grams and trimming the
upper and lower tails of the test score distribution by this number. For conciseness,
we only discuss the Chilean case here. The results for both countries are presented
in online Appendix A, Table 2. Since this is not a standard treatment-control design
experiment, the average test scores for children in the 1,400-1,500 gram range is
not higher than the average score for children in the 1,500-1,600 gram range. To
execute the Lee (2008) procedure, we choose a smaller window where the average
scores for treated children are higher than the average scores for untreated children.
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This occurs in a 50 gram window around 1,500. Indeed Figure 3 would indicate that
this is the case. As listed in online Appendix A, Table 2, within this 50 gram window
the mean treatment effect, without adding any covariates, is 0.09 SD. Accounting
for differential mortality within this window (treated children are 1.4 percent more
likely to be alive), the upper and lower bounds for the test score effect are 0.069 and
0.11 SD. The upper and lower bounds in Norway are 0.15 and 0.21 respectively.

Introduction of Surfactant.—One specific treatment we explore further is that of
surfactant use. Surfactant is a soap like material produced in the lungs and is essential
for proper lung function. Infants who have not produced enough surfactant on their
own cannot fully utilize their lungs for breathing. Hence, surfactant therapy is con-
sidered a breakthrough in preventing deaths due to Respiratory Distress Syndrome
(RDS) and Bronchopulmonary Dysplasia (Schwartz et al. 1994). Moreover, the
medical literature cites Bronchopulmonary Dysplasia and early childhood lung dis-
eases to be significantly correlated with cognitive outcomes (Singer et al. 1997,
D’ Angio et al. 2002; Marlow et al. 2005). One of the pathways by which preterm
birth might affect cognitive outcomes appear to be related to the development of the
lung and the delivery of oxygen to the brain. Hypoxia (reduction in oxygen supply
to tissues) or ischemia (a severe low oxygen state) in the perinatal period is one of
the leading causes of brain injury in preterm infants (Luciana 2003).

As mentioned earlier, Norway in 1989 and Chile in 1998 introduced universal
surfactant therapy to be administered to VLBW infants (Gonzalez et al. 2006;
Saugstad et al. 2006). We explore the timing of the introduction of surfactant to
provide suggestive evidence of the long-term impacts of surfactant treatment on
school outcomes. We estimate equation (3) in the time periods before and after the
introduction of surfactant to show that most of the effect on test scores we see come
from the period when surfactant was used.

shows that after the introduction of surfactant, the cutoff of 1,500 begins
to play an even more important role in determining school outcomes. In Chile, the
impact of being below the cutoff after 1998 is 0.19 SD (just shy of significance
at the 10 percent level), and in Norway it is 0.34 SD. In the case of Chile, we find
substantial reductions in infant and neonatal mortality around the cutoff after the
introduction of the surfactant program.? We view these results as suggestive evi-
dence that the introduction of surfactant played an important role in improving the
different outcomes we measure.”’

FParental Responses.—As emphasized earlier, interpreting long-run impacts
of early life events is complicated by the fact that parents might respond to these

29 We restrict the post-period for surfactant to 2003 in Chile, since after 2003 other programs like PNAC and
AUGE started which also affected births at precisely this cutoff. In Norway (results not presented) we do not find
large impacts on mortality. This is likely due to the fact that 1980-1989 were the most dramatic in terms of the
decline in infant and neonatal mortality in the country. Infant mortality before 1989 was around 10 percent, but after
1989 is around 2 percent. We are unable to detect a differential impact around 1,500 grams in the post-surfactant
period perhaps due to the low levels of infant mortality.

2! To the best of our knowledge, no major policies were implemented around these time periods. In Chile
specialized nutritional programs were introduced only in 2003 (PNAC). However, in 1999 the Ministry of Health
published and distributed a handbook for training programs on the following and caring of VLBW births. This
might have also emphasized cutoffs and generated an alternative reason for mortality to improve more under the
cutoff after 1998. We are not aware of any competing medical programs for VLBW infants in Norway around 1989.
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TABLE 5—ROLE OF SURFACTANT

Chile: Surfactant introduced 1998 Norway: Surfactant introduced 1989

Pre-surfactant Post-surfactant Pre-surfactant ~ Post-surfactant
(1992-1997) (1998-2002) (1986-1988) (1989-1993)
Test scores
Birth weight < 1,500 0.103%* 0.197 —0.044 0.349%3#:%
(0.0509) (0.134) (0.260) (0.130)
Mean of dependent variable —0.132 —0.198 —0.107 —0.302
Observations 1,990 887 354 809
Chile: Infant mortality Chile: Neonatal mortality
Pre-surfactant ~ Post-surfactant Pre-surfactant ~ Post-surfactant
(1992-1997) (1998-2002) (1992-1997) (1998-2002)
Mortality
Birth weight < 1,500 —0.0152 —0.0693%* —0.0155 —0.0548%*
(0.0309) (0.0296) (0.0327) (0.0252)
Mean of dependent variable 0.13 0.1 0.021 0.025
Observations 2,021 1,801 2,021 1,801

Notes: Window of 100 grams on either side of 1,500 grams used for Chile and window of 200 grams on either side
of 1,500 grams used for Norway. Regression controls for mother’s age, education and marital status, year of birth
and region/municipality of birth fixed effects, type of birth service, and 100 gram heap fixed effect. Linear slopes
on either side of 1,500 grams are included and regression is weighted using triangular weights. Standard errors are
clustered at the gram level.
##%Significant at the 1 percent level.
**Significant at the 5 percent level.
*Significant at the 10 percent level.

shocks. We explore if there is any evidence of differential parental investment deci-
sions around the cutoff as a way to gauge how important this mechanism may be in
determining the results we have found.

The first dimension of parental responses that we examine in Chile and Norway is
that of school choice. Within the framework described so far, we examine whether
school quality varies across the cutoff. We use the average of the national standardized
math scores by school to examine whether students below the cutoff attend schools of
different quality on average. InTable 6|we find that this is not the case. Hence, it appears
that at least on school choice, parents do not invest differentially around the cutoff.

We also explore different avenues of parental investments by examining data on
parental time use. In Chile, when the SIMCE is administered, a detailed survey is
handed out to parents and students. The content of these surveys vary from year to
year, but in several years the surveys contained a set of detailed time investment
questions to the parents. Hence, for a sample of fourth graders, we have detailed
information on time spent by parents in activities such as reading to their children.?

In Norway, while we lack direct measures of parental time investments in their
children, we can proxy for parental time by examining when the mother returns to
the labor force after giving birth. In addition we can examine whether the child was

22 Generally the questions from year to year do not have much overlap, except for the questions regarding read-
ing investments. Hence, we choose to show results for this type of investment so as to maximize the number of
observations over two cohorts. These data are not from time use diaries. Responses to the questions on investments
typically range from 1 to 4 where 1 is no “Never” and 4 is “Very often.”
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TABLE 6—PARENTAL INVESTMENT RESPONSES AROUND CUTOFF

Average raw School in top Parents read
SIMCE 25 percent of ~ “often” to child
score in Private Grade SIMCE score during
Chile school school size distribution the week
Birth weight < 1,500 2.433 0.0144 —6.147 —0.0465 0.0149
(2.327) (0.0272) (4.361) (0.0364) (0.106)
Mean of dependent variable 251.0 0.0672 62.34 0.301 0.365
Observations 2,094 2,174 2,174 2,094 641
Enrolled in Average  Return to work  log parental Mother
child care exam score after paid income employed
at age in maternity at the at the time
Norway five school leave time of test of test
Birth weight < 1,500 0.009 —0.004 —0.034 0.042 0.029
(0.041) (0.033) (0.036) (0.070) (0.027)
Mean of dependent variable 0.83 0 0.66 13.2 0.79
Observations 1,249 683 1,594 1,507 1,594

Notes: Standard errors clustered at the gram level. See Table 3. School level measures in Chile are measured as of
grade four. Grade size refers to the number of students in the entire grade. Average number of classrooms per grade
is two. Parental reading measures come from self reported surveys administered along with the SIMCE in 2002
and 2007. Answers range from very often = 1, to never = 4. We create a binary variable which is 1 if parents read
very often or often (answers 1 and 2), and 0 otherwise. Child care in Norway is coded as 1 if the care if formal, and
0 if care was informal i.e., nannies at home, grandparents, etc. Return to work variable in Norway is coded as 1 if
mother returns to work after the end of maternity leave.
*##*Significant at the 1 percent level.
*#*Significant at the 5 percent level.
*Significant at the 10 percent level.

enrolled in formal child care by age five. Formal care includes public and private
child care centers, while informal care typically involves nannies hired by parents,
grandparents, and the like (for more on Norway’s child care system see Black et al.
2012). If parents of VLBW children stay home more or provide different types of
child care then we might expect to see discontinuities along these parental invest-
ment measures around 1,500 grams. As Table 6 shows, we find no evidence of dif-
ferential parental responses around 1,500 grams along any of these measures.

D. Discussion

The results presented above indicate that health investments in early childhood
matter for infant survival and educational achievement later in life. Evidence on
both the short- and long-run effectiveness of early life health interventions is crucial
for estimating their efficacy and orienting public policy. These results support recent
evidence that early childhood is a critical period for determining adult outcomes and
highlight the role of health policy in promoting better educational outcomes later
in life. From a policy perspective, our findings would suggest that an important

23 Recent work by Veramendi and Urzda (2011) and Noboa-Hidalgo and Urzda (2012) have shown in the con-
text of Chile, the importance of publicly provided child care centers in improving not only cognitive abilities among
children, but also noncognitive abilities. These are more short-term outcomes but are consistent with the longer run
results presented here. Similar results have been found while analyzing the impacts of cash transfer programs on
young children in many Latin American countries (see Schady 2006 for an excellent review). However, most of
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FIGURE 4. PARENTAL RESPONSES

Notes: Data on average math school scores in Chile come from averaging fourth grade SIMCE scores from tests
administered in 2002, 2005-2010. In Norway, the average school score is constructed by averaging school scores
for test years 2002-2009. Reading investment variable is obtained from parental survey component of Chile’s
SIMCE questionnaire, and responses range from 1-4, with 1 being very often. Reading related questions were
asked in 2002 and 2007. Data on child care in Norway is available for 1980-1993. General notes from Figure 1
apply and the sample consists of only birth of 32 weeks of gestation or more.

source of inequalities in later life cognition or labor market success might arise from
differences in access to health interventions, in this case, access to specialized neo-
natal treatment at birth. It is also important to note that the results have been found
in countries at very different stages of development suggesting the importance of
neonatal health care applies more generally to a broad set of countries.

these studies analyze rather short-term impacts of such investments and few studies are able to analyze long-term
impacts. Studies evaluating the Perry Preschool Program, Head Start, or Project STAR do find long-term effects
(see Garces, Thomas, and Currie 2002 or Chetty et al. 2011); although these are not health-based interventions.
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The results found for mortality are large. To place our mortality results in context,
we compare our findings to that of Almond et al. (2010), who find large mortality
effects around 1,500 grams in the United States. A comparison of magnitudes sug-
gests that the effects seen in Chile and Norway are larger than those found in the
United States. Almond et al. (2010) find that children just below 1,500 grams have
a 1 percentage point lower infant mortality rate compared to children just above
1,500 grams. Relative to the mean of around 5 percent mortality in their sample,
this is a large effect.”! As noted earlier, our results from Chile suggest a reduction in
mortality of 4.4 percentage points relative to a mean infant mortality rate of nearly
11 percent for this sample. The magnitudes from Norway are even larger.

Apart from potentially different institutional settings, one reason we find larger
effects is our focus on children above 32 weeks of gestational age. When we include
all gestational ages, the coefficient of interest on infant mortality declines. Hence,
it is likely that some treatments are administered to all children regardless of birth
weight. One of the downsides of our study relative to the one by Almond et al.
(2010) is that we are unable to provide details on the treatments. Future research
will hopefully shed more light on the mechanisms that lead to long-term effects.
What is certainly evident is that early childhood health interventions play an impor-
tant role in determining mortality across three countries that differ in their socio-
economic characteristics.

While the academic achievement results from Chile and Norway appear similar,
they differ in a few important ways. The results from Norway are for cohorts that
were born 1986-1993, and in Chile the results are for cohorts born 1992-2002.
Hence, it is possible that later cohorts in Chile received more advanced treatments as
the treatment of at-risk newborns has changed over time. Moreover, the Norwegian
test results are from grade ten, whereas the Chilean scores are a combination of
grades achieved between grades one to eight. Most of the effects seen in Chile
appear to come from earlier grades rather than later grades. Hence, the Norwegian
sample provides evidence of rather long-term effects that we are not able to detect
in the Chilean sample. It is possible that differences in care for newborns or better
practices in Norway lead to more long-term effects, but without a systematic and
detailed comparison of the medical technologies from the two countries and the
relevant time periods, this is hard to assess.

These differences aside, our results on educational achievement in the context of
education specific interventions are quite sizable. While the obvious thrust of the
medical interventions we examine is to save lives, we can attempt to think about
the monetary benefits by examining the results in Chetty et al. (2011). One of their
results suggest that a one standard deviation increase in kindergarten entry test
scores is correlated with an 18 percent increase in earnings. While keeping in mind
that this is a correlation and that this correlation is based on data from the United
States, we translate this correlation in the Chilean context to result in an increase
of 2.7 percent increase in incomes (using an effect size of 0.15 SD increase in test
scores). The increase in the Norwegian context would be around 1.8 percent.

24 The effect size is similar in their paper as long as the focus is on low-quality hospitals, due to the comment
raised by Barreca et al. (2011).
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V. Robustness Checks

We explore the robustness of several aspects of our empirical strategy in this sec-
tion. Some of these are threats to identification which are general and apply to any
application of an RD strategy while others are specific to using birth weight as a
running variable.

A first general check is that the running variable is being manipulated in its assign-
ment across the cutoff. Our regression discontinuity design will not identify the
effects of extra medical treatment if doctors or parents were systematically manipu-
lating the birth weight variable. If they were, then we might expect to find many
births around 1,490 and fewer births around 1,510. One visual way of checking for
manipulation of the running variable is to simply plot a detailed histogram of the
data and to check whether abnormal heaps occur to the left- or right-hand side of
the cutoff.

As can be seen inthis does not appear to be the case in either country.
We test this (as do Almond et al. 2010) by collapsing the data at the gram level at
which the data was naturally collected and testing in a framework similar to equa-
tion (3), whether more (or less) births are reported just below the cutoff compared
to just above the cutoff.

In the greater than 32 week gestation sample, the coefficient (standard error) on
the cutoff dummy is —16.78 (30.33). In Norway the analogous coefficient and stan-
dard error is 5.3 (10.7). These tests suggest that there is no manipulation of the run-
ning variable in this case.>

Another standard check in applications with an RD design is to verify that no
other predetermined variables should display discontinuities around the cutoff apart
from the treatment. In online Appendix A, Table 3 we show for both countries that
a number of demographic characteristics like mother’s education, mother’s age,
mother’s employment status, twin or singleton status, and whether the mother was
married at the time of birth appear smooth around the cutoff of 1,500 grams. In
addition in Norway, we can examine APGAR scores and family income at the time
of birth, both of which appear to be smooth at the cutoff. A graphical equivalent of
this is|Figure 6|and|Figure 7. Were these to show discontinuous jumps, we would be
concerned that socioeconomic characteristics determine which side of the cutoff an
infant is observed on, invalidating the random assignment assumption.*

We also examine the role of covariates by adding them sequentially in the frame-
work of equation (3). Online Appendix A, Table 4 shows how the coefficient on the
cutoff dummy changes as we add more and more covariates (analogous table for
mortality in online Appendix B, Table 10). Overall, the results show a rather limited
role for covariates in determining the size of the coefficient on the cutoff dummy.*’

23 Manipulation in the context of birth weight and medical care is a potential concern as shown to be the case in
Japan in a recent working paper by Shigeoka and Fushimi (2011).

26 Online Appendix A, Table 3 only shows the smoothness of covariates for the schooling sample. Since we
have a different sample for analyzing mortality results, we show in online Appendix B, Table 12 that covariates are
smooth for various subsamples analyzed in the paper. Figures in online Appendix B also show covariates obtained
from the fourth grade SIMCE surveys.

27 Another way to understand the extent to which mother level unobservables might be driving the estimates is to
examine children of the same mother. We can do this using twins and siblings that are identified in the data using the
unique identifier for the mother. Certainly the demands of the data are rather high—the sample used for identifying
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FIGURE 5. HISTOGRAMS OF BIRTH WEIGHT AND GESTATIONAL AGE

Notes: The histogram of birth weight is presented for birth with 32 weeks of gestation or more. The histogram of
weeks of gestation are presented for births with weight between 1,300 grams and 1,700 grams. Chile graphs use
data from 1992-2007, Norway graphs use data from 1980-1993.

We also verify that we do not observe similar results as those presented above
at other intervals of 100 grams. If we observed that children below 1,700 grams,
for example, had higher test scores than children slightly above 1,700 grams, then
we would be concerned that something inherent about getting heaped at 100 gram
intervals is driving the results rather than exposure to treatments specific to being
less than 1,500 grams. In general, this is less of a concern in our context since if

the RD within a twin or sibling fixed effect requires one twin (or sibling) on either side of the cutoff, both twins (or
siblings) above 32 weeks of gestation and a birth weight difference of no more than 200 or 400 grams (both have
to fall between the range of 1,400 and 1,600 in Chile and between 1,300 and 1,700 in Norway). With caveats for
small samples in place, we estimate mortality regressions (sample is too small for schooling outcomes) around the
cutoff using twins and siblings. The point here is not to compare these estimates to the overall estimates we showed
earlier, but rather to understand how much difference the fixed effect makes. In online Appendix B, Table 9 we
show that OLS and FE estimates for both twins and siblings are very similar. This suggests that unobserved mother
characteristics or propensities to manipulate birth weights say, are not playing an important role in this setting.
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FIGURE 6. BASELINE COVARIATES AROUND 1,500 GRAMS: CHILE

Notes: This figure shows the relationship between birth weight and other covariates in Chile. Cohorts born between
1992-2007 used for this graph. For other covariates, please see online Appendix B. General notes from Figure 1
apply and the sample consists of only birth of 32 weeks of gestation or more.

this were true, we should find that 1,500 gram matters even for gestational age less
than 32 weeks.” Nevertheless, in online Appendix A, Table 5 we examine every
100 gram cutoff in a similar estimation strategy as in equation (3) (similar table for
mortality, hospitalizations, and NICU admissions is in online Appendix B, Table
14). We find that in both countries, test scores are significantly affected only around
the 1,500 gram cutoff.

28 Moreover, given the long data series in Norway, we can show that the 1,500 gram point as a discontinuity only
occurs starting in the 1980s. WHO recommendations and documents in Norway show that this was the period in
which focus on VLBW birth was most apparent. Prior to 1980 it is unclear whether such rules existed. These results
are available upon request.
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FIGURE 7. BASELINE COVARIATES AROUND 1,500 GRAMS: NORWAY

Notes: This figure shows the relationship between birth weight and other covariates in Norway. Cohorts born
between 1980—1993 used for this graph. For other covariates, please see online Appendix B. General notes from
Figure 1 apply and the sample consists of only birth of 32 weeks of gestation or more.

We explore the robustness of the estimates of equation (3) using a wide variety
of birth weight windows and polynomials on either side of the 1,500 gram cutoff
(online Appendix A, Table 6). While the results are largely consistent across differ-
ent bandwidths for a given polynomial selection, the results across different polyno-
mials for a given bandwidth do tend to differ, especially at smaller bandwidths. We
attribute the sensitivity of our results to higher order polynomials to over fitting the
data with few data points. To the extent that the results are largely similar for poly-
nomials of up to order 3 and for bandwidths reaching up to 150 grams on either side
of 1,500, we consider our results to be quite robust to bandwidth and polynomial
selection. Moreover, visual inspection of the data and the check suggested by Lee
and Lemieux (2010) (inclusion of 10 gram bin dummies and jointly testing that the
coefficients on these dummies are zero) indicate that linear trends on either side is a
good fit of the data. Results for mortality with different window sizes and polynomi-
als are presented in online Appendix B, Tables 8 and 15.

One concern with using birth weight as a running variable is that of heaping
(Barreca et al. 2011). In Chile, birth weight tends to be recorded at 10 gram intervals
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and more than 93 percent of births have birth weight ending in a zero (see Figure 5).
Recall that in Norway all birth weight data is only recorded in 10 gram intervals. In
addition, in both countries, there appear to be heaps at 50 and 100 gram intervals.
Since birth weight is observed at heaps it is natural to worry about whether irregular
rounding up (or down) of the data could affect our results. In our data, rounding
at 50 and 100 gram intervals is significantly correlated with demographic charac-
teristics as shown in online Appendix B. In the birth weight window used for our
analysis, the main heap of interest is at the cutoff of 1,500.

Barreca et al. (2011) suggest two ways of dealing with rounding in this context:
a fixed effects approach and a “donut” RD. Following these ideas, all graphs in the
paper omit data from the 1,500 gram bin and all baseline regressions control for it. In
addition, tables in online Appendix B show the stability of the results when we use
fixed effects for heaping at 10, 50, and 100 gram intervals. We also show the results
for heaping dummies interacted with linear slopes so the effect of the heap can be
different on either side of 1,500. This makes no difference to the overall results. The
results are also quite stable when we simply remove points at 10, 50, and 100 gram
bins, even though this decreases sample size by a significant amount. We also adopt
a donut RD approach and find that our results are valid even when we exclude points
that are 7 grams to either side of 1,500 grams. These results are presented in online
Appendix B, Tables 5-7. Indeed, this should not be surprising since in Figure 3, it
can be clearly seen that even points at 1,490 are quite different from points at 1,510.
Hence, the heaped point of 1,500 grams itself is not driving our results.*

For a subsample of our data we can observe the exact hospital name, and note
that using hospital fixed effects mitigates the correlation between rounding and
demographic characteristics. This suggests that while hospitals round, the round-
ing is not manipulated within hospitals. In Norway, we can directly add hospital
fixed effects to the estimation and we find that the results do not change (online
Appendix A, Table 4). For Chile, while we can add hospital fixed effects for regres-
sions that examine mortality, we are unable to do so for regressions that examine
school scores. This is because we only have hospital information starting in 2002
and cohorts born after this are too young to be observed in school.

Finally, the results presented in Section V show that there is no significant disconti-
nuity at the 1,500 gram cutoff for birth with 31 weeks of gestation once we apply the
above mentioned controls. We view this as robust evidence that nonrandom heaping
is not driving our results. If this were the case, it would be expected to affect births
of all gestational length, not just at or above 32 weeks of gestation. We thus conclude
that after applying the appropriate modifications recommended in the literature, we
find that nonrandom heaping is not a significant driver of the results found.

VI. Conclusion
In this paper we provide evidence that children who receive extra medical care at

birth have lower mortality rates and higher academic achievement in school. Using
detailed administrative data from two countries we show that children who by virtue

2% A concern in the Chilean context could be that the results are all driven by points that are nor at 10 gram
intervals. This is not the case.



VOL. 103 NO. 5 BHARADWAJ ET AL.: EARLY CHILDHOOD HEALTH INTERVENTIONS 1889

of having been born with a birth weight of just less than 1,500 grams, are less likely
to die and go on to have higher grades and test scores later in life. These results add
to the growing body of research indicating the importance of early childhood care for
health outcomes such as mortality. More importantly, it also provides new evidence
on long-run externalities which should be considered when evaluating such poli-
cies. The results also provide suggestive evidence that the introduction of surfactant
played an important role in reducing mortality and raising academic outcomes. More
generally, the fact that additional medical treatment has long-run effects indicates that
the observed inequalities in academic achievement and other outcomes later in life
can arise at least in part due to inequalities in health care starting at birth. Efforts to
improve educational outcomes should therefore focus not only on policies affecting
contemporaneous educational inputs in school like better teachers, books, and school
infrastructure, but also on broader public policies such as improved neonatal care.

While this paper’s main contribution lies in linking early childhood medical inter-
ventions and later life educational achievement, we hope future research can high-
light the pathways by which this link emerges. In this instance, children receive a
“bundle” of medical interventions and although we show that surfactant likely plays
a major role, understanding which intervention or what combination of interven-
tions lead to the greatest impacts would be useful from a policy perspective. Another
important avenue for future research is to better understand the way post-hospital
inputs such as parental investments react to health interventions and affect long-
run outcomes. Our results suggest a limited role for differential investments in this
application, but we hope future research in this area can shed more light on this
important behavioral response.

Finally, it is important to note that the results in this paper have been found in
countries at very different stages of development (Chile and Norway) and are con-
sistent with evidence on mortality for the United States from Almond et al. (2010).
This suggests that the evidence presented on the importance of early childhood
health care applies more generally to a broad set of countries at different stages of
economic and social development.
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