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Motivation

Birthweight

Birthweight ... one of the most extensively used measures of
infant health.

Widely documented "worse future outcomes of low
birthweight babies".

Not only in the medical literature but also in the social science
literature.
Various short-term and long-term outcomes studied so far.
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Motivation

Causation and Correlation

However, how should we interpret "worse future outcomes of
low birthweight babies"?

Story 1: If you are born with very low birthweight, you are
doomed to go through very tough future life.

Story 2: Those who have worse future outcomes are more
likely to be born with low birthweight.

Birthweight and future outcomes have common factors:
Mother’s education and income, in-utero environment, physical
and mental health, stress, unwanted babies, ...

Implications for a country’s human capital development.

Also, fairness, medical cost, welfare reliance.
Important to distinguish the two stories. Very different policy
implications.
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Question

This Study

Our aim is to quantitatively understand the causal effect of
birthweight on future outcomes.

We achieve this, relying on two key features:
1 Danish register data
2 New IV: Placenta previa

Danish Register Data:

Administrative data – Large sample. High quality. Results
generalizable.
We use population data of cohorts born 1981-2010 (over 1.7
million newborns) – We can study time trend too.
An extensive set of outcome variables
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Empirical Framework

Empirical Specification

Yi = α+ β ln (BWi ) + Xiγ+ εi
Measurement of birthweight: ln(birthweight)

Black et al (2007) find this is the best in terms of model fit.

Linear form reasonable for population average effect.
Our focus is to get the big picture by looking at an extensive
set of outcomes.

We use only singleton pregnancy.
Controls: sex, birth year dummies, birth month dummies,
mother age dummies, birth order, number of past pregnancy,
prior abortions (spontaneous and induced) and stillbirth,
number of past c-sections, mother’s number of days in
hospital during 180 days around conception, smoking, marital
and cohabitation status, father age if living together, parental
education, immigrant status, income and working status of
parents in the previous year, county dummies.
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Correlation

If We Run Simple OLS...

Additional BW significantly reduces infant mortality. Similarly, ...

Hospital admission. Permanent disability.

Educational attainment

Labour market outcomes and social welfare benefit

Marital status

Birthweight of their children

Teen pregnancy, criminal offense.

IQ, body size.

All estimates show "extra birthweight is wonderful" at 0.1%
significance!

Is it really causal?
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Correlation

Recent Literature: Twin Fixed Effects Model

Recent attempts to quantify the causal birthweight effect rely
on the twin fixed-effects approach:

Almond, Chay, Lee (2005) QJE
Behrman, Rosenzweig (2004) REStat
Black, Devereux, Salvanes (2007) QJE
Conley, Bennett (2000) American Sociological Review
Conley, Strully, Bennett (2006) Economics and Human Biology
Miller, Mulvey, Martin (2005) Economics Letters
Oreopoulos, Stabile, Walld, Roos (2008) Journal of Human
Resources
Royer (2009) AEJ: Applied Economics

Their findings are fairly mixed.
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Instrumental Variable Approach

Instrumental Variable (IV) Approach: Concepts

Yi = α+ β ln (BWi ) + Xiγ+ εi
If birthweight, BW , is completely random (like a lottery), we
can claim β is the causal effect.

Let’s find some "randomness" in BW and utilize it to obtain
causal effect estimates.
Requirements for an instrument Zi :

1 Zi offers variation to birthweight.
2 Zi is "random", unrelated to other relevant unobservable
birth-specific factors, e.g. mother’s health knowledge (after
controlling for Xi ).

3 Zi does not affect Yi except through the channel of
birthweight (after controlling for Xi ).

We propose placenta previa as an instrument that reasonably
satisfies the above three requirements.
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Instrumental Variable Approach

Placenta Previa

source: Joy et al., 2010
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Instrumental Variable Approach

Placenta Previa

The placenta is an organ that develops during pregnancy to
connect the developing fetus to the uterine wall of the mother.

Placenta previa is an obstetric complication in which the
placenta is attached to the lower uterine segment close to or
covering the cervix.

In the US (1979-1987), incidence of placenta previa is 0.48%
(Iyasu et al., 1993).

It often requires cesarean delivery.

⇒ More than half of placenta previa cases result in preterm
birth with low birth weight.

Sugimoto (2007) reports 59% for preterm births, 41% for less
than 32 weeks, 15% for below 28 weeks, 51% for low
birthweight (<2,500g), 12% for less than 1,500g
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Instrumental Variable Approach

Requirement 1: Does it Affect Birthweight?

The overall mean
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Instrumental Variable Approach

Requirements 2 & 3

(2) Is it random?

The medical literature has identified some risk factors:
mother’s age, prior c-section, pregnancy termination, uterine
surgery, multiple pregnancy, increasing parity, and smoking

But once certain risk factors are controlled for, the incidence
of placenta previa seems to be highly random.

(3) No direct effect?

Placenta previa occurs as an abnormal position of placenta.
The placenta is a temporary organ during pregnancy. It is
discarded after birth.
C-section is often required, but the literature has confirmed no
long-term impact of C-sections.
⇒ Placenta previa has little direct impact on a child, except
for its effect through the channel of low birthweight.
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Interpreting Estimates

How to Interpret the Results?

10% increase in birthweight would reduce 1-year mortality by
7.6∼8.2 deaths per 1,000 births.
In addition to OLS and IV regression, we estimate mother
fixed-effects models and grandmother fixed-effects models.
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Results of Child Outcomes

Results: Neonatal / Infant outcomes

Birthweight is critical for infant health.
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Results of Child Outcomes

Results: Time Trends

The effect became smaller, partly because mortality decreased
over time, but also because of improved medical technology.



Intro Research Design Placenta Previa Results Twins FE Conclusion

Results of Child Outcomes

Results: Time Trends

Similarly the effect has diminished for infant disabilities.
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Results of Child Outcomes

Results: Hospital Admission

The birthweight effect diminishes as a child grows older.
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Results of Child Outcomes

Results: Education
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Results of Child Outcomes

Results: Social Welfare

Low birthweight significantly increases the chance of disability
pension.

Moderate effect for other welfare benefits (income assistance,
job training, etc).
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Results of Child Outcomes

Results: Socioeconomics: Teen pregnancy

Teen pregnancy is a major source of poverty in early life.

BW has positive effect on teen fatherhood.
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Results of Child Outcomes

Results: Intergenerational

The strong correlation is not causal.

Similar conclusion for marriage outcome and income.
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Results of Child Outcomes

Results: Crime

Though weakly, BW increases crime tendency.
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Results of Child Outcomes

Results of Child Outcomes: Military Exam



Intro Research Design Placenta Previa Results Twins FE Conclusion

What’s Wrong with the Twins Estimators?

Comparison (1): Twin OLS vs Singleton OLS

Correlation between birthweight and infant health is larger for
Twins.
Mainly because Y is larger! The distribution of twins is
different.
→ Singletons and Twins are different. Twins results not
generalizable.
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What’s Wrong with the Twins Estimators?

Comparison (2): Twin FE vs Singleton FE

Twin FE and singleton FE generate opposite results.

Our explanation: The assignment of birthweight is not
random within twins/siblings. Therefore these estimators are
looking at different margins.
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What’s Wrong with the Twins Estimators?

Non-Random Assignment of Birthweight

If birthweight ∼ an iid normal, the coeffi cient should be zero.
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What’s Wrong with the Twins Estimators?

Non-Random Assignment of Birthweight
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What’s Wrong with the Twins Estimators?

Comparison (3): Ours vs Black et al (2007)

Consistent patterns in Black, Devereux, and Salvanes (2007,
QJE).
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What’s Wrong with the Twins Estimators?

Comparison (4): Twin FE vs Singleton IV

Between FE estimates and IV estimates, there is no clear
pattern.

We argue that our IV estimator generates reasonable
population average birthweight effect, because...
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What’s Wrong with the Twins Estimators?

Why Is Our IV Good?

The overall mean
of birthweight:
   3492.2
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1 Placenta previa can occur to everyone.
2 The distribution with PP maintains large variance.
3 PP significantly ⇓ birthweight (and never ⇑).
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Summary

Summary

We investigated the causal effects of birthweight.

The existing studies have used twins fixed-effects estimators,
but their results are misleading.

Two key features:
1 Population data from Danish administrative registers. Over 1.7
million observations since 1981. A wide variety of outcome
variables.

2 New instrument: Placenta previa.
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Summary

Three Main Conclusions

(1) The strong correlations between birthweight and future
outcomes are mostly non-causal.

Those who face a miserable future life are more likely to be
born with a smaller birthweight.

OLS ⇒ very robust, misleading results. Large data does not
help.

Exception is strong birthweight effects on infant health
outcomes.

(2) As a child grows older, the relative influence of
birthweight diminishes.

Birthweight is not a critical initial condition for the future.
Exception is the propensity of disability pension.

(3) Over time, the effects of birthweight has diminished.

Overall message: BW is important, but its role should not be
over-emphasized. Interpretation requires caution.
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