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Abstract

Using a sample of sibling pairs from a nationally representative U.S. survey, we examine the
effects of the fetal growth rate on a set of neurobehavioral outcomes in childhood measured by
parent-reported diagnosed developmental disabilities and behavior problems. Based on models
that include mother fixed effects, we find that the fetal growth rate, a marker for the fetal
environment, is negatively associated with lifetime diagnosis of developmental delay. We also
find that the fetal growth rate is negatively associated with disruptive behaviors among male
children. These results suggest that developmental disabilities and problem behaviors may play a
role in explaining the well-documented association between birth weight and human capital
outcomes measured in adulthood.
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1. Introduction and Background

It is well-documented that birth weight has a lasting impact on human capital outcomes
measured later in the life course such as educational achievement and labor market
outcomes (Behrman et al., 2004; Black et al., 2007; Oreopoulos et al., 2008; Royer, 2009).
Prior research indicates that cognitive ability may play an important mediating role in this
association between birth weight and human capital outcomes by determining the rate of
return on educational investments and an individual's productivity in the labor market
(Strauss, 2000; Matte et al., 2001; Boardman et al., 2002; Black et al., 2007; Johnson and
Schoeni, 2007; Torche and Echevarfia, 2011; Figlio et al., 2013; Cook & Fletcher, 2014).
Recent evidence, however, suggests that noncognitive abilities and mental health may be as
important as cognitive abilities in determining human capital outcomes. For example,
Lindquist and Westman (2011) using data from military enlistees in Sweden find that both
cognitive and noncognitive skills are associated with earnings, but noncognitive skills
actually matter more at the lowest part of the earnings distribution. Currie and Stabile (2006)
find a large deficit in test scores and educational achievement among children having
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symptoms of Attention Deficit Hyperactivity Disorder (ADHD), which is one of the most
common developmental disabilities in the United States. These findings suggest that the
effect of birth weight on noncognitive outcomes in childhood may constitute another
mechanism through which birth weight determines later human capital outcomes (Datta
Gupta et al., 2013).

In this paper, we estimate the effect of birth weight on a set of noncognitive outcomes
termed neurobehavioral outcomes; this category includes behavior problems and diagnosed
developmental disabilities (Anderson et al., 2003). Early studies indicate that low birth
weight is associated with neurobehavioral problems in childhood. For example, McCormick
et al. (1992), using data from two multisite cohort studies of infants born in the late 1970’s
and early 1980’s, find that low birth weight (less than 2.5kg) is associated with more
mother-reported behavior problems, and very low birth weight (less than 1.5kg) is
associated with higher risk for diagnosed learning problems. Similarly, Hoy et al. (1992),
using data on infants born during the late 1970’s and early 1980’s at a hospital in Ireland,
find that very low birth weight (less than 1.5kg) is associated with higher scores for
meanness/unhappiness and social withdrawal, and less peer acceptance. These studies,
however, are based on older data and do not include extensive controls for other observed
variables that may be correlated with both birth weight and behavioral outcomes.

In a few more recent studies, researchers have included extensive controls for potential
confounding factors that may be correlated with both behavior problems and low birth
weight. Kelly et al. (2001) use the 1997 Health Survey for England and find a linear
association between birth weight and behavior problems (measured using the Strengths and
Difficulties Questionnaire) over the full birth weight distribution, after controlling for other
factors, with lower birth weight children experiencing more problem behaviors than higher
birth weight children. On the contrary, Corman and Chaikind (1998) use the 1988 National
Health Interview Survey and find that low birth weight is not associated with an index of
problem behaviors after controlling for socioeconomic status, although they find low birth
weight children are more likely to repeat a grade in school and attend special education
classes. Similarly, using the ALSPAC cohort in Bristol, United Kingdom, Wiles et al.
(2006) show that the estimated effect of birth weight on behavior problems (also based on
the Strengths and Difficulties Questionnaire) disappears after controlling for potential
confounders including birth length and gestational age. Most recently, Datta Gupta et al.
(2013) use a large panel data set of Danish children who are born around the same time and
examine the potentially dynamic effects of birth weight on behavioral outcomes. They find
some evidence that the adverse effects of low birth weight on behavior problems increase as
children age, but the effect on overall behavior problems is statistically insignificant (Datta
Gupta et al., 2013).

While some of these studies suggest that there may be omitted variables correlated with both
birth weight and behavior problems, to our knowledge, existing studies do not directly
address this problem. This is partly due to lack of data -- panel survey data which include
behavioral outcomes information as well as data on siblings are scarce. On the other hand,
one advantage of the cohort studies which have been used in previous research is they
follow children born around the same time, allowing researchers to investigate dynamic
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effects, the approach taken by Datta Gupta et al. (2013). However, cohort data do not allow
researchers to control for unobserved mother heterogeneity since these surveys necessarily
exclude biological siblings.

In addition to this mixed evidence on birth weight and behavior problems among children,
another strand of literature demonstrates an association between poor fetal growth and
developmental disabilities in childhood such as ADHD and learning disability.” In a
comprehensive study that uses data from the 1997-2005 National Health Interview Survey
(NHIS), Boulet et al. (2011) find that birth weight is negatively associated with a range of
developmental disabilities in childhood including mental retardation, learning disability,
ADHD, seizures, cerebral palsy, hearing impairment, and stuttering. Other studies attempt to
control for omitted variable bias by comparing siblings or twins, but they tend to focus on
specific conditions. Using a large sample of U.S. siblings, Fletcher (2012) finds heightened
probability of self-reported learning disability and ADHD symptoms among low-birth-
weight children after controlling for family fixed effects. Within-twin studies provide
stronger causal evidence regarding the association between fetal growth measured by birth
weight and ADHD. Using a sample of Swedish twin pairs, Hultman et al. (2007) find that
among male twins, the twin with a lower birth weight has a thirteen percent higher ADHD-
symptom score than the other male twin at age 8 to 9 and a twelve percent higher score at
age 13 to 14. It is notable that their findings are robust regardless of sex and zygosity.
Similarly, Groen-Blokhuis et al. (2011) use a Dutch sample of twins and find positive and
significant effects of low birth weight on the incidence of ADHD.

In this paper, we explore the association between fetal growth rate and a range of
neurobehavioral outcomes using three waves of the Child Development Supplement of the
Panel Study of Income Dynamics (PSID-CDS).” We build on recent work by Datta Gupta et
al. (2013), by using mother fixed effects (hereafter MFE) estimation to address unobserved
family background and (to some extent) genetic factors that may be correlated with both
birth weight and neurobehavioral outcomes. Also, because our models include both the fetal
growth rate and a set of indicators for preterm birth, we attempt to separate out the effect of
the fetal growth rate, which is known in the literature to better capture the accumulated net
nutrition intake in utero, on neurobehavioral outcomes.

We also build on prior work by examining the effect of the fetal growth rate on a broader set
of diagnosed developmental disabilities in childhood, while previous within-twin or within-
sibling studies have focused on ADHD. Unlike other studies that relied on self-reported or
mother-reported symptoms of developmental disabilities, we use both measures of diagnosis
and symptom scores. Finally, since PSID-CDS respondents continue to be surveyed as they
enter adulthood through the Transition into Adulthood (PSID-TA) survey, we are able to use
the PSID-TA data to estimate the association between childhood behavioral outcomes and
educational attainment in young adulthood. These models allow us to gauge whether or not

:See Nelson (2006) for an overview.
The Panel Study of Income Dynamics is a public use dataset produced and distributed by the Survey Research Center, Institute for
Social Research, University of Michigan, Ann Arbor, M1 (1993-2009). See http://psidonline.isr.umich.edu/ for more information.
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neurobehavioral outcomes may be an important set of non-cognitive outcomes which act as
mechanisms linking early health to human capital accumulation.

Results from our models which include mother fixed effects show that the fetal growth rate
has negative and statistically significant effects on the risk of children having nonsensory
developmental disabilities such as developmental delay and speech impairment, while very
preterm birth (less than 32 weeks) is strongly and positively associated with vision
difficulty. We also find that the fetal growth rate is negatively associated with disruptive
conduct problems such as antisocial, oppositional, and hyperactive behaviors especially
among boys. These disruptive conduct problems appear to be associated with a slight
reduction in the likelihood of college entrance, even after controlling for cognitive ability.
We caution, however, that these effects are small in magnitude and in some cases are not
statistically significant across all model specifications. Nevertheless, on balance, our
findings suggest that public policy interventions that improve birth outcomes may have
long-term benefits by lowering risk of developmental disabilities and behavioral problems,
which have been shown to significantly affect human capital accumulation.

Data for this study come from the 1997, 2002-3, and 2007 waves of the Child Development
Supplement of the Panel Study of Income Dynamics (PSID-CDS) and the 2005, 2007, 2009,
and 2011 waves of the CDS Youth’s Transition into Adulthood (PSID-TA). The PSID is a
US based, longitudinal, nationally representative study of individuals and their families that
has been ongoing since 1968. The PSID main files include extensive data on socioeconomic
variables as well as detailed information on family structure, fertility, health, and a wide
range of other topics. The PSID-CDS supplements the information available in the PSID
main files by obtaining additional cognitive, behavioral, and health data on PSID children
including assessments of behavioral outcomes, and parent reports of diagnosed child health
conditions.

In 1997, the first wave of the CDS (CDS-I) interviewed 2,394 families on 3,563 children
aged twelve and under, and these children were re-interviewed in 2002-3 (CDS-I1) and 2007
(CDS-111) if they were eighteen or younger at the time of interview. The analytic sample
used in this paper includes children from the CDS-I, Il and Il who were born between 1985
and 1997. Upon turning age 18, these children have been followed in the PSID-TA since
2005." The data collected on the CDS young adults aged 18 and older include education,
work, health, and family relationships among others.

We restrict our samples to children whose primary caregiver is the biological mother, and
the head or wife of PSID households, so that we could utilize information on family
characteristics from the PSID main files.” Since each survey was administered to up to a
maximum of two children in each family, we construct a CDS sample of about 700 sibling

*Among the CDS-I children in 1997, 2,358 children are eligible in the TA-2011. The response rate is 81.9% as 1,907 interviews were
completed in TA-2011. For further discussion on attrition, see PSID Transition into Adulthood Study User Guide, 2005-11
&http://psidonline.isr.umich.edu/Guide/documents.aspx).

We further exclude children whose birth weight is reported to be over 6kg, as well as siblings whose race differs from each other
(0.22% of the children in the entire sample).
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pairs without missing values for any of the variables used in the study. The summary
statistics in Table 1 show that the sibling sample is very comparable in child and family
characteristics to the full CDS sample. When we examine educational attainment as an
outcome, we draw on information on high-school graduation and college enrollment (which
is only available for CDS children who have entered adulthood and continued into the PSID-
TA survey) by linking the CDS sample to the PSID-TA files. This TA sample is aged 18 to
28 years old at the time of the interview and it includes fewer than 400 sibling pairs who do
not have missing values for any of the variables used in the study.

2.1. Fetal growth rate

The PSID-CDS contains information on children's birth weights along with gestational ages,
both of which are reported by the primary caregiver. In the literature, alternative measures of
fetal growth have been used including birth weight, low birth weight, preterm birth, and the
fetal growth rate, all of which reflect the fetal environment in general. Conceptually, low
birth weight can result from a fetus growing slowly given a gestational period (small-for-
gestation) or because a child is born prematurely (preterm birth). While slow fetal growth is
caused primarily by poor net nutritional intake in utero, the causes of preterm birth are not
well-understood (Slattery and Morrison, 2002; Goldenberg et al., 2008). To distinguish
between the contributions of each of these factors, we include in the models both the fetal
growth rate and a set of indicators for gestational age. This attempt to separate effects of
slow fetal growth from effects of premature birth may be useful since some previous
literature suggests that fetal malnutrition is a primary cause of neurological impairment
among low birth weight infants (Morgane et al., 1993).*

The fetal growth rate is defined as birth weight in kilograms divided by gestational age in
weeks (Behrman et al., 2004).Jr We use the log of the fetal growth rate which provides a
better fit than the fetal growth rate. Preterm birth is measured by a set of binary indicators
for gestational age (less than 32 weeks and 32-37 Weeks).i Although we focus on models
which include the measure of the fetal growth rate and indicators of preterm birth, we also
present results from models which as an alternative to fetal growth rate use the log of birth
weight, low birth weight, and very low birth weight in the appendix tables.

2.2. Neurobehavioral outcomes

We examine two kinds of neurobehavioral outcomes, behavior problems and diagnosed
developmental disabilities, all of which are reported by the child’s mother. In addition, we
also obtained estimates for speech impairment, and sensory disabilities (hearing and vision
impairment), which are reported in the Appendix. For each developmental disability, we
define the outcome measure as a binary indicator which is set equal to one if the caregiver
reports that a child has ever been diagnosed with the disability by a physician or other health

*Some research also suggests that effects of genetic and prenatal factors on infant health outcomes may vary by gestational length
S_Conley, Strully & Bennett, 2006).

There is a line of research in medical science which focuses on preterm births as a treatment group alternative to a group of low birth
weight. See Bhutta et al. (2002).

Preterm birth is defined as less than 37 weeks of gestational age in the literature. We use 32 and 37 as the cutoffs for gestational age
because these cutoffs roughly correspond to the cutoffs for low and very low birth weight in terms of proportions in the sample (table

1).
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professional during any of the CDS survey waves, and zero otherwise. Table 2 shows that
the cumulative risk for each developmental disability increases by survey wave as expected.
It also reveals that developmental delay, ADHD, vision difficulty, and speech impairment
are fairly common. This is consistent with findings from a larger U.S. survey (Boyle et al.
2011).

Outcome measures based on diagnoses may be more objective than parental reports, but
they have at least two potential limitations. First, there can be a selection into diagnosis due
to access to healthcare or awareness of caregivers. Second, ADHD is often viewed in the
medical literature as a continuum rather than a disorder with a cutoff (Levy et al., 1997). To
overcome these limitations, we also consider the Behavior Problems Index (BPI), which is
constructed based on caregiver reports of behavior problems. We consider the BPI as an
alternative measure of neurobehavioral outcomes; it has often been used in the literature
(Currie and Stabile 2006, 2009).

The BPI is an assessment of 28 problem behaviors such as sudden mood changes,
anxiousness, and meanness towards others. Responses of primary caregiver (biological
mother in our context) to whether each of 28 problem behaviors was often, sometimes, or
never true of the child in question are recoded and summed to generate the BPI total score
(Peterson and Zill 1986). The BPI total score is obtained based on dichotomous recoding
(never = 0; often or sometimes = 1). Higher scores imply a greater level of behavior
problems. Alternatively, several subscales can be created based on the subsets of those
responses. We consider the hyperactive, antisocial, oppositional, depressed, and peer
problems subscales. Each score is standardized to have a mean of 100 and a standard
deviation of 15 where age and sex are adjusted in reference to a national survey. We use
standardized scores both because the raw scores tend to be higher among boys than among
girls and because the children in our sample cover a rather wide range of ages (4 to 15).”

These problem behavior scales have often been used in the literature (Currie and Stabile
2006, 2009; Fletcher and Wolfe 2008) as they have certain advantages over other objective
measures such as ever-diagnosed developmental disabilities. First, selection bias in
diagnosis does not arise since all children aged 4 and older are assessed by their mothers.
Second, since the BPI provides a continuous measure of problem behaviors, it can address
the concern about using a binary indicator for ADHD, which necessarily imposes an
arbitrary threshold. One potential problem is that the assessment may be subjective, but any
reporting bias that is mother-specific will be removed in our preferred mother fixed effects
(MFE) model. Table 3 shows that the BPI scores are noticeably higher among children
having a diagnosed disability than those without it. For example, the hyperactive sub-scale
score is about one standard deviation higher among children who have ever been diagnosed
of ADHD compared to children who have never been diagnosed with ADHD.”

:See data appendix for details.
Similarly, we find that the anxious/depressed score is about one standard deviation higher among children who have ever been
diagnosed with severe emotional problems than those who have never been diagnosed with severe emotional problems.
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2.3. Other covariates

To obtain measures for the socioeconomic environment of children which may be correlated
with both prenatal environment and neurobehavioral outcomes, we link the children in the
CDS files to their biological mothers in the PSID main files. The child-specific controls
included in the models are: child’s sex, birth order, indicators for mother’s age (less than 20,
more than 35, or in-between) and mothers’ marital status at child’s birth, cigarette excise
taxes at child’s birth and state, and measures of the cognitive stimulation and emotional
support in the home (HOME - cognitive and emotional scales). These regressors are
intended to measure parental inputs (time, energy, and materials) related to child
development as well as child’s perinatal environment.T The mother-specific controls include
indicators for race/ethnicity, mother’s years of schooling, and permanent family income. We
measure permanent family income by taking the average of family income (measured in
1997 constant dollars) from all available years in the PSID main files.

2.4. Educational attainment in young adulthood

Our main interest is in the association between the fetal growth rate and neurobehavioral
outcomes in childhood. We also, however, consider whether the neurobehavioral outcomes
themselves are associated with educational attainment during young adulthood to gauge
whether there is evidence that neurobehavioral outcomes may be a mechanism linking the
fetal growth rate to subsequent human capital outcomes. We use two binary indicators of
educational attainment, whether the respondent completed high school and whether the
respondent ever entered college.

We define a binary indicator for high school completion as one if the respondent graduated
from high school or got GED and zero otherwise. Also, we define a binary indicator for
college enrollment as one if the respondent has ever attended any type of college and zero
otherwise given that the respondent completed high school (high school dropouts, about 6%
of our sibling sample, are excluded). To examine the partial effect of neurobehavioral
problems on educational attainment, we further control for cognitive skills in a specification.
We use as a measure for cognitive skills an age-standardized score for Applied Problems, a
math score, which is shown to be a strong predictor of subsequent educational attainment in
the literature (Murnane et al. 1995 for example). Since the assessment of the academic
achievement and problem behaviors was administered repeatedly, we take the average score
before age 15.

TApart from fetal malnutrition, Wehby et al. (2011) show that maternal smoking during pregnancy can impair child
neurodevelopment. This finding implies that failure to control for prenatal smoking may result in omitted variable bias since prenatal
smoking is associated with low birth weight and preterm delivery as well. Unfortunately, information on maternal smoking at
pregnancy is not available in the PSID-CDS because information on smoking status of head and wife was collected in the years 1986
and after 1999 while most of the children in our sample are born during the periods 1985-1997. In all models, however, we control for
cigarette excise taxes at child’s year of birth and state, which has been shown to be effective means of lowering the prevalence of
smoking among pregnant women in the literature (Evans and Ringel 1999; Colman and Grossman 2002; Lien and Evans 2005).
Furthermore, to the extent that nicotine is strongly addictive, our MFE estimation will address concern for omitted prenatal smoking
since the average birth spacing in our sibling sample is 3.2 years. The information on state cigarette excise taxes comes from Tax
burden on tobacco, historical compilation, volume 46, 2011. http://nocigtax.com/upload/file/158/
Tax_Burden_on_Tobacco_vol._46_FY2011.pdf.
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3. Empirical Method

3.1. Mother fixed effects (MFE)

We estimate the following model:

Outcome;j=X;; +vFGR;j+mi+u;; (1)

where Outcome;j denotes a neurobehavioral outcome of child j of mother i, X;; a set of
controls for child and family characteristics, FGR;j the log of the fetal growth rate, GESTj;
the set of indicators for gestational age, m the mother fixed effects, and ujj the error term.
When we consider ever-diagnosed developmental disabilities, Outcome;j is a binary
indicator and the equation (1) can be seen as a linear probability model. When we consider
behavioral problems, Outcome;; is a continuous variable. The coefficient y captures the
effect of the fetal growth rate on developmental outcomes in childhood.

Before estimating Equation 1, we start with a baseline OLS specification which includes an
extensive set of observed mother and child characteristics but excludes the mother fixed
effects m;. Even when we control for an extensive set of observed factors, however, there
may be unobserved factors such as family background, mother’s risk preferences, and
genetic inheritance that are correlated with both birth weight and neurobehavioral outcomes
in childhood. In this case, OLS estimates will not be consistent. Thus, we estimate equation
(1) using the MFE estimation. This approach allows for maternal heterogeneity to be
correlated with any of the regressors including the fetal growth rate. Since we restrict our
sample to biological mothers, MFE estimation will partially address the concern for
unobserved genetic factors as well. Moreover, MFE estimation can minimize the reporting
bias arising from the use of mother-reported outcome measure (the BPI) as well as the recall
bias regarding birth weight and gestational age. For all models, we make inferences based
on robust standard errors that are clustered at the mother level to account for possible
correlation within siblings.” In an alternative specification of the MFE model, we allow for
the effects of the fetal growth rate to differ among boys and girls by including interaction
terms between the fetal growth rate and a binary indicator for sex.T

When we examine the effects of neurobehavioral outcomes on educational attainment, we
use the same general approach except Outcome; is a binary measure of whether the child
completed high school (or a binary indicator of college entry), and FGR;j is replaced by a
neurobehavioral outcome. These models include the same covariates as the models
described above, with the addition of year of birth to account for the fact that the older
cohorts had higher chance of high school completion and college enrollment*, and a math
achievement test score to capture cognitive ability.

*Singleton siblings share a fourth of the genetic composition on the average while dizygotic twins share a half of the genetic

composition.

Separate analysis by sex may be ideal, but this would decrease the sample size by three quarters as any random sibling sample will
consist of male-male, male-female, female-male, and female-female pairs with equal proportions.

Because the PSID-TA survey is biennial and the panel is unbalanced, we cannot pin down the exact age of the respondent at the time
of educational attainment. For this reason, we include year of birth as a control variable.
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In Table 4, we present the estimated effect of the fetal growth rate on ever-diagnosed
developmental disabilities for the sibling sample. The first two columns for each
developmental disability show the estimated coefficient for the fetal growth rate and
gestational ages from the OLS and MFE models. In the OLS model, we find that log of the
fetal growth rate is negatively associated with a lifetime diagnosis of developmental delay,
but associations with ADHD diagnosis are not statistically significant. In our preferred MFE
model, we find that log of the fetal growth rate is negatively associated with a lifetime
diagnosis of developmental delay (Table 4), and also with lifetime diagnosis of speech
impairment (Appendix Table 3). A ten percent increase in the fetal growth rate translates
into a 1.9 percentage point decrease in lifetime risk of developmental delay, (see figure 1).
We also find that very preterm birth (less than 32 weeks in gestational age) leads to a 35
percentage point increase in the risk for serious vision difficulty compared to term birth (37
or more in gestational age) (Appendix Table 3). We find some evidence that log of the fetal
growth rate is positively associated with serious hearing impairment, but the estimates are
marginally significant and the fit is exceptionally poor.*

Notice that the MFE estimates tend to be larger in size than the OLS estimates. One possible
explanation for this pattern is the mother-specific measurement error for birth weight and
gestational age. To the extent that birth weight and gestational age of children are recalled
with imprecision depending on the mother, the OLS estimates will be subject to attenuation
bias whereas this mother-specific measure error will be swept out in the MFE model,
yielding consistent estimates. A similar pattern has been reported in Johnson and Schoeni
(2011) and Fletcher (2011) who find their MFE estimates of birth weight greater than the
OLS estimates.

The third column for each outcome measure shows the estimates obtained from the model
that includes interaction terms between the fetal growth rate and the binary indicators for
males and females. This specification allows for the effect of the fetal growth rate to differ
by sex. The estimates for interaction terms show that the estimated negative effect of fetal
growth rate on developmental delay differs little between boys and girls as the F statistic is
shown close to zero. In contrast, the estimated negative effect of fetal growth rate on ADHD
in column (5) appears to be driven by boys. Although the estimates are not statistically
significant and the p-value is rather high, we will find a similar pattern for hyperactive
scores in table 5 as the estimated effect of fetal growth rate is statistically significant only
among boys.

Table 5 presents the estimated effects of the fetal growth rate on behavioral problems
measured by the BPI. We find that the log of the fetal growth rate is negatively associated
with the BPI total score. This seems to be driven by disruptive behaviors represented by

*In Appendix Table 1, we find that many of the alternative measures of fetal growth have statistically significant effects on
developmental delay and the signs are as expected. In contrast, the estimated effects of the alternative measures of fetal growth on
ADHD are statistically significant only in one case -- the very low birth weight dummies. In Appendix Table 2, we find that the
alternative measures of fetal growth have statistically significant effects on the BPI total and antisocial scores. The estimated effects
on other scores are statistically insignificant although the signs are generally as expected.
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antisocial, oppositional/defiant, and hyperactive scores. The preferred MFE estimates show
that a ten percent increase in the fetal growth rate translates into a 0.04 standard deviation
decrease in the BPI total score.” The third columns for each outcome which contain
interaction with male/female indicators suggest that the effect of the fetal growth rate on
disruptive behaviors is more pronounced among boys than among girls. Among boys, a ten
percent increase in the fetal growth rate translates into a 0.07 standard deviation decrease in
the antisocial behavior score, a 0.03 standard deviation decrease in the oppositional behavior
score, and a 0.05 standard deviation decrease in the hyperactive behavior score.”

Table 6 shows the effects of neurobehavioral problems measured before age 15 on
educational attainment in young adulthood. In columns (1) and (7) of panel A, we find that
higher total BPI score and diagnosed ADHD significantly lower the chance of completing
high school. A one standard deviation increase in the total BPI score decreases the chance of
high school completion by 3 percentage points, while diagnosed ADHD decreases the
chance by 8.5 percentage poin'[s.’r However, these effects are attenuated as we further
control for math scores in childhood, which are a significant predictor of high school
completion in all models.

Columns (1) and (3) of panel B show that the total BPI score and the antisocial score have
negative and significant effects on college enrollment. A one standard deviation increase in
scores lowers the chance of college enrollment by 6 percentage points and 7.5 percentage
points respectively. Furthermore, these second-stage effects remain robust after controlling
for cognitive skills measured by math scores in childhood, which are estimated to have
smaller effects on college enrollment in young adulthood. However, it should be noted that
the sample size in these regressions is relatively small, and as we focus on the first-stage
effect, the potential dynamic interaction between cognitive and non-cognitive skills is not
considered (Cunha and Heckman 2008).

5. Conclusion

The effect of birth weight on later outcomes has drawn much attention across the social
science disciplines since it may constitute a mechanism for the inter-generational
transmission of poverty, given that disadvantaged families have a higher prevalence of low
birth weight children. Prior research, however, has focused on cognitive ability as a
mediating factor in the association between birth weight and later outcomes, while the recent
literature emphasizes that the abilities that are useful in education and labor market are
multifaceted (Bowles et al., 2001; Carneiro et al., 2007; Heckman, 2008). In this context, we
examine the effect of birth weight on noncognitive outcomes in childhood, as measured by a
host of behavioral, developmental, and sensory problems.

*The partial change in score in response to a ten percent change in the fetal growth rate can be obtained from 0.1*6.35/15=0.0423 as
the standard deviation is 15.

We include F-statistics and p-values for testing the equality of the coefficients on the two interaction terms (FGR*male and
FGR*female) at the bottom of the Tables 4-5 and Appendix Table 3. Among the disruptive behaviors (hyperactive, antisocial,
oppositional/defiant), we could reject the null hypothesis of equality for oppositional outcomes at the 0.10 level, but not for the
antisocial and hyperactive score.

Because all the scores are standardized to have mean 15, a one standard deviation increase in the total BPI score translates into a 3
percentage point decrease in the probability of high school completion.
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In this paper, we find that, after controlling for mother fixed effects, the fetal growth rate is
an important predictor for the risk of developmental disabilities such as developmental
delay, and speech impairment, which in turn may inhibit children from developing cognitive
skills and accumulating human capital. In addition, we find some evidence that the fetal
growth rate is associated with mother-reported disruptive behaviors including antisocial,
oppositional, and hyperactive behaviors, after controlling for mother fixed effects. This is
consistent with the results in Datta Gupta et al. (which do not include mother fixed effects)
in that birth weight is negatively associated with increased symptoms of ADHD and conduct
disorder during childhood among males. We also find that childhood behavior problems,
especially antisocial behavior problems, have negative and significant effects on college
enrollment, although our sample sizes are small when we examine this outcome.

Our findings suggest that developmental disabilities play a role in explaining the well-
documented association between birth weight and later outcomes. Given the growing
recognition of the importance of the prenatal and early childhood stages of life for
subsequent human capital outcomes (Doyle et al., 2009), our results suggest that public
policy interventions that can improve birth outcomes may have long-term benefits in terms
of improved developmental outcomes in childhood and beyond. We note, however, that our
findings for the speech impairment outcome, and behavior problems outcomes, are not
statistically significant in the OLS specifications. Moreover, the overall pattern of findings
indicates that the effects of the fetal growth rate on neurobehavioral outcomes are small in
magnitude. For these reasons, we interpret these results with caution.

The data set used in the analysis imposes several limitations for our study. First, potential
sex differences reported in the literature are not well addressed in the regressions for
developmental disabilities. Using brother siblings or sister siblings leaves us little statistical
power due to the small size of the subsamples. Second, the potential dynamic effect of the
fetal growth rate or age-specific effect cannot be studied because siblings are assessed at
different ages for a given survey year. This limitation can be overcome with a panel data set
for twins of similar birth cohorts. Finally, information on maternal health behaviors during
pregnancy such as smoking and drinking is very limited in the data set. To the extent that the
role of these health behaviors is an important factor that determines the fetal growth rate, it
should be interpreted as a marker for fetal environment rather than cumulative net nutritional
intake in utero.

Data Appendix — Items for BPI subscales

! . . . . Peer
# Questions Anxious/depressed  Oppositional Hyperactive  Antisocial problem

1  (He/She) has sudden changes (e}

in mood or feeling
2 (He/She) feels or complains o

that no one loves him/her
3 (He/She) is too fearful or o

anxious
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i . .. . - Peer
# Questions Anxious/depressed  Oppositional ~Hyperactive  Antisocial problem
4 (He/She) feels worthless or O
inferior
5  (He/She) is unhappy, sad or o
depressed
6  (He/She) is rather high strung, ]
tense and nervous
7 (He/She) argues too much
8  (He/She) is disobedient ]
9  (He/She) stubborn, sullen, or
irritable
10 (He/She) has a very strong ]
temper and loses it easily
11 (He/She) has difficulty o}
concentrating, cannot pay
attention for long
12 (He/She) is easily confused, o}
seems to be in a fog
13 (He/She) is impulsive, or acts (e}
without thinking
14 (He/She) has a lot of difficulty getting (his/her) mind (0}
off certain thoughts
15 (He/She) is restless or overly o
active, cannot sit still
16  (He/She) chats or tells lies o
17  (He/She) bullies or is cruel or (e}
mean to others
18 (He/She) does not seem to feel o
sorry after misbehaves
19  (He/She) breaks things on purpose or deliberately destroys (his/her) o
own or another's things
20  (He/She) is disobedient at (e}
school
21 (He/She) has trouble getting o}
along with teachers
22 (He/She) has trouble getting (o}
along with other people (his/
her) age
23 (He/She) is not liked by other (o}
people (his/her) age
24 (He/She) is withdrawn, does (0}
not get involved with others
25  (He/She) clings to adults
26  (He/She) cries too much
27  (He/She) demands attention
28  (He/She) is too dependent on

others

The table above contains 28 questionnaires asked to all primary caregivers (biological
mothers) regarding to behavior problems of their children. Among these, five questions
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pertain to anxious/depressed, oppositional, and hyperactive subscales, six questions to the
antisocial subscale, and three to the peer problem subscale.”™ Mother’s responses to whether
each of 28 problem behaviors was often, sometimes, or never true of the child in question
are recoded (never = 0; often or sometimes = 1) and summed to generate the Behavior
Problems Index (BPI) total score, or scores of subscales. We convert these raw scores to the
standardized scores having mean 100 and standard deviation 15, where age and sex are
adjusted based on the national distribution. Since the PSID does not provide standardized
scores, we use the norming table designed for NLSY79 Child Surveys, as all the questions
asked are identical.t
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Figure 1.
Estimated Effects of Fetal Growth Rate on Selected Developmental Disabilities

Figure note: The vertical dotted line represents the sample mean of fetal growth rate. The
risk curve is created based on the estimated elasticities in table 4. We depict an ADHD
figure for boys only because the negative effect of fetal growth rate on ADHD is found only
among boys (see table 4 and 5).
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Table 1
Descriptive Statistics
Variables Full sample Sibling sample
N Mean N Mean SD
Neurobehavioral outcomes
A. Developmental disabilities
ADHD 2,482 0.10 1,463 0.10 0.30
Developmental delay 2,483 0.10 1,464 0.09 0.29
B. Behavior Problems Index (BPI) - Standardized
score
Total score 1,616  106.7 987  106.2 15.2
Hyperactive score 1,758 107.7 1,063 106.5 12.7
Antisocial score 1,746 1059 1,059 105.6 13.1
Oppositional/Defiant score 1,757 1054 1,062 105.1 11.2
Anxious/Depressed score 1,757 107.2 1,063 106.5 11.4
Peer problem score 1,698 109.1 1,032 108.4 125
C. Behavior Problems Index (BPI) - Raw score
Total score 1,616 125 987 12.1 7.1
Hyperactive score 1,758 22 1,063 2.1 1.4
Antisocial score 1,746 19 1,059 1.9 15
Oppositional/Defiant score 1,757 26 1,062 25 1.4
Anxious/Depressed score 1,757 21 1,063 2.0 1.3
Peer problem score 1,698 0.9 1,032 0.8 0.9
Cognitive outcomes in childhood
Applied Problems (math score) 1,600 15.7 776  106.1 1545
Educational outcomesin young adulthood
High school graduation 1,600 0.25 776 094 023
Enroliment in college 1,488 0.42 704 0.76 0.43
Measures for fetal growth
Birth weight (kg) 2483 333 1,464 33 063
Low birth weight (< 2.5kg) 2483  0.09 1464 01 0.28
Very low birth weight (< 1.5kg) 2,483 0.01 1,464 0.0 0.09
Gestational age (weeks) 2,483 3949 1,464 39.5 2.18
Preterm birth (< 37 weeks) 2,483 0.08 1,464 0.1 0.28
Preterm birth (< 32 weeks) 2,483 0.01 1,464 0.0 0.10
Fetal growth rate (kg/weeks) 2,483 0.08 1,464 0.08 0.01
Child and maternal characteristics
Female 2,483 0.49 1,464 0.49 0.50
White 2,483 052 1,464 0.57 0.50
African American 2,483 0.43 1,464 0.39 0.49
Latino 2,483 0.02 1,464 0.01 0.11
Other 2,483 0.04 1,464 0.03 0.18
Mother single at child birth 2,483 0.36 1,464 0.32 0.47
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Variables Full sample Sibling sample
N Mean N Mean  SD
Mother's age at child birth 2,483 2672 1,464 26.49 5.45
Birth order 2,483 190 1,464 2.04 1.01
Home scale - Cognitive 2,483 9.57 1,464 9.78 2.31
Home scale - Emotional 2,483 9.19 1464 933 224
Maternal education 2,483 1292 1464 1298 2.13
Log of lifetime family income 2,483 1056 1,464 10.57 0.71
Cigarette excise tax at child birth 2,483 2554 1464 2566 13.92

Page 19

Note: Entries are from 1997, 2002-3, 2007 waves of the PSID-CDS and 2005, 2007, 2009, 2011 waves of the PSID-TA. N denotes the number of
children in the sample. All the observations are excluded that contain missing information on infant health and child, maternal characteristics.
Developmental disabilities are binary indicators that equal to one if child was ever diagnosed of the disability during all survey waves. The child
average of the BPI and the Applied Problems scores over all survey waves before age 15 was used for tabulation as the BPI and Applied Problems
scores are assessed multiple (at most three) times for each child. Lifetime family income and cigarette excise taxes are measured in 1997 constant

dollars and cents per pack.
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Table 2

Ever-diagnosed Disabilities by Survey Wave

Ever-diagnosed disabilities Developmental ADHD

delay
Wave 1 (1997) 295%  2.17%
Wave 2 (2002-3) 581%  6.07%
Wave 3 (2007) 6.94%  8.33%
N 1153 1153
Age of first lifetime diagnosis 115 11.8

Note: 1997, 2002-3, 2007 waves of the PSID-CDS are used. For this exercise, we restrict the sample to children who were assessed in all three
survey waves.
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Means of the Behavior Problems Index by Developmental Disabilities

Table 3

Behavior Problems Index (BPI) Sample Developmental ADHD
mean delay
Total score 106.0 116.0 119.1
Hyperactive score 106.4 114.1 116.1
Antisocial score 105.5 110.8 112.9
Oppositional/Defiant score 104.9 107.8 1115
Anxious/Depressed score 106.4 112.8 112.6
Peer problem score 108.3 113.2 113.7

Note: 1997, 2002-3, 2007 waves of the PSID-CDS are used.
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Estimated Effects of Fetal Growth Rate on Ever-diagnosed Developmental Disabilities

Table 4

Ever-diagnosed developmental disability Developmental delay ADHD
Prevalence 9.08% 10.05%
Log of FGR —0.16"** -0.19™* -0.06 -0.12
(0.06) (0.08) (0.06) (0.09)
Log of FGR * male -0.19* -0.18
(0.12) (0.11)
Log of FGR * female —0.20" -0.05
(0.10) (0.09)
Gestational week 32-37 —0.06"* —0.00 -0.00 000 -0.02 -0.01
(0.03) (0.04) (0.04) (0.03) (0.06) (0.06)
Gestational week <32 0.03 0.04 0.04 0.07 0.05 0.06
(0.14) (0.08) (0.08) (0.15) (0.11) (0.11)
N 1464 1464 1464 1462 1462 1462
Adjusted R 0.036 0.029 0.028 0.020 0.027 0.028
F statistic 0.00 1.56
p-value 0.97 0.21
Mother FE No Yes Yes No Yes Yes

Page 22

Note: 1997, 2002-3, 2007 waves of the PSID-CDS are used. N denotes the number of children. All regressions include the controls for child's sex,
race, lifetime family income, mother's age and marital status at child's birth, cigarette excise tax at child birth, a set of indicators for birth order,
home environment, and mother's education. Table shows F statistics and p-values for testing the equality of the coefficients on the two interaction

terms (Log FGR*male and Log FGR*female). Robust standard errors in parentheses are clustered at the mother level.

*
p<0.1,

* %

p<0.05,

*kk

p<0.01.
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Table 5

Estimated Effects of Fetal Growth Rate on Behavior Problems Index (BPI)

Page 23

Behavior Problems Index (BPI)

BPI total score

Antisocial score

Oppositional/Defiant score

LOg of FGR -1.27 —6.35* -1.43 —8.29*** -0.98 -2.38
(2.62) (3.47) (2.13) (2.68) (1.79) (2.22)
Log of FGR * male -6.63 _10'40*** —4.96*
(4.07) (3.32) (2.60)
Log of FGR * female -6.05 —6.07" 0.12
(4.29) (3.33) (2.67)
Gestational week 32-37 -0.97 -166 -1.64 1.21 —3.04" —2.95% 0.30 -1.19 -1.08
(1.64) (2.18) (2.19) (1.35) (1.76) (1.76) (1.20) (1.55) (1.56)
Gestational week < 32 417 -0.23 -0.12 -1.97  _gg7** -5.83 -1.69 -3.19 -1.95
(4.28) (4.90) (499 (4.08) (3.42) (3.56) (2.92) (3.18) (2.97)
N 1406 1406 1406 1960 1960 1960 2269 2269 2269
Adjusted R 0.046 0.384  0.383 0.076  0.230 0.230 0.053 0.109 0.109
F statistic 0.02 1.17 293
p-value 0.90 0.28 0.09
Behavior Problems Index (BPI) Hyperactive score Anxious/Depressed score Peer problem score
Log of FGR -0.25 -3.78 0.66 -0.16 -1.57 -2.92
(2.06) (2.48) (1.76)  (2.70) (1.81) (2.26)
Log of FGR * male 675" -2.19 -1.81
(3.09) (3.15) (2.55)
Log of FGR * female -0.86 1.81 -4.02
(3.16) (3.34) (3.04)
Gestational week 32-37 145 040 -0.28 -0.88 -1.30 -1.23 -1.54 418" 403"
(1.21) (1.60) (1.57) (1.05) (1.34) (1.35) (1.04) (1.35) (1.36)
Gestational week < 32 -0.75 -362 -217 221 208 3.05 -867""  -760"" -812"**
(3.96) (3.72) (4.04) (3.58) (4.46) (4.33) (3.03) (3.01) (3.05)
N 2253 2253 2253 2261 2261 2261 2012 2012 2012
Adjusted R 0.089 0.151 0.152 0.058 0.070 0.069 0.118 0.108 0.108
F statistic 245 1.23 0.44
p-value 0.12 0.27 0.51
Mother FE No Yes Yes No Yes Yes No Yes Yes

Note: 1997, 2002-3, 2007 waves of the PSID-CDS are used. Regressions include repeated observations. N denotes the number of observations. All
regressions include the controls for child's sex, race, lifetime family income, mother's age and marital status at child's birth, cigarette excise tax at
child birth, a set of indicators for birth order, home environment, and mother's education. Table shows F-statistics and p-values for testing the
equality of the coefficients on the two interaction terms (Log FGR*male and Log FGR*female).Robust standard errors in parentheses are clustered

at the child level.

*
p<0.1,

*%

p<0.05,

*%

*
p<0.01.
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Appendix Table 1

Estimated Effects of Fetal Growth on Ever-diagnosed Developmental Disabilities

Ever-diagnosed development disability = Developmental delay ADHD
Prevalence 9.08% 10.05%
Log of birth weight -010"* -016** 006 -0.09
(0.05) (0.07) (0.05)  (0.07)
N 1464 1464 1462 1462
Adjusted R 0.032 0.029 0.020 0.027
Low birth weight 0.08" 0.11%* 005  0.03
(0.03) (0.05) (0.03)  (0.05)
N 1464 1464 1462 1462
Adjusted R 0.033 0.028 0.021  0.024
Very low birth weight 0.18 0.28"* 0.13 027"
(0.13) (0.13) ©013) (012
N 1464 1464 1462 1462
Adjusted R 0.030 0.029 0.020 0.032
Log of fetal growth rate —0.14¥*  —g20** -0.07 -0.12
(0.05) (0.08) (0.06)  (0.08)
N 1464 1464 1462 1462
Adjusted R 0.034 0.030 0.021 0.028
Gestational week 32-37 -0.02 0.03 0.02 0.00
(0.03) (0.04) (0.03)  (0.06)
Gestational week <32 0.11 0.13 0.10 0.10
(0.14) (0.10) (0.14)  (0.09)
N 1464 1464 1462 1462
Adjusted R 0.028 0.021 0.019 0.024
Mother FE No Yes No Yes

Page 26

Note: 1997, 2002-3, 2007 waves of the PSID-CDS are used. N denotes the number of children. All regressions include the controls for child's sex,
race, lifetime family income, mother's age and marital status at child's birth, cigarette excise tax at child birth, a set of indicators for birth order,

home environment, and mother's education. Robust standard errors in parentheses are clustered at the mother level.

*p<0.1,

Hox 0<0.01.

*%

p<0.05,
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Appendix Table 2

Estimated Effects of Fetal Growth on Behavior Problems Index (BPI)

Behavior Problems Index (BPI)

BPI total score

Antisocial score

Oppositional score

Log of birth weight

N
Adjusted R
Low birth weight

N
Adjusted R
Very low birth weight

N
Adjusted R
Log of fetal growth rate

N
Adjusted R
Gestational week 32-37

Gestational week < 32

N
Adjusted R

-1.43
(2.07)

1406
0.047

2.82°
(1.57)

1406
0.049

1.68
(5.78)

1406
0.047

-1.26
(2.44)

1406
0.047

-0.65
(1.59)

459
(4.16)

1406
0.047

*

-4.75
(2.62)

1406
0.385

1.79
(1.85)

1406
0.384

8.07"
(4.34)

1406
0.385

*

-5.56
(3.12)

1406
0.385

-0.57
(2.07)

2.66
(5.33)

1406
0.383

-1.79
(1.70)

1960
0.076

2.18
(1.36)

1960
0.077

2.25
(3.59)

1960
0.076

-1.74
(1.98)

1960
0.076

155
(1.28)

-1.17
(3.88)

1960
0.076

-3.41"
(2.07)

1960
0.228

-013
(1.90)

1960
0.227

151
(1.71)

1960
0.227

-5.84""
(2.42)

1960
0.229

-1.55
(1.66)

-2.84
(2.68)

1960
0.227

-0.97
(1.44)

2269
0.054

157
(1.06)

2269
0.055

-0.08
(4.56)

2269
0.054

-0.86
(1.68)

2269
0.054

0.52
(1.15)

-1.22
(2.75)

2269
0.054

-0.77
(1.95)

2269
0.110

0.96
(1.27)

2269
0.110

-2.76
(2.84)

2269
0.110

-1.43
(2.18)

2269
0.110

-0.75
(1.51)

-2.07
(3.04)

2269
0.110

Behavior Problems Index (BPI)

Hyperactive score

Anxious/Depressed score

Peer problem score

Log of birth weight

N
Adjusted R
Low birth weight

N
Adjusted R
Very low birth weight

N
Adjusted R
Log of fetal growth rate

N
Adjusted R
Gestational week 32-37

-1.06
(1.69)

2253
0.090

3I23***
(1.12)

2253
0.092

3.10
(5.18)

2253
0.090

-0.84
(1.98)

2253
0.089

1.46
(1.17)

-2.56
(1.92)

2253
0.153

1.06
(1.45)

2253
0.153

3.83
(3.73)

2253
0.153

-3.11
(2.28)

2253
0.153

0.30
(1.53)

0.43
(1.45)

2261
0.058

1.47
(1.04)

2261
0.059

-2.11
(4.01)

2261
0.058

0.70
(1.68)

2261
0.058

-1.04
(1.01)

-0.27
(2.34)

2261
0.070

2.07
(1.36)

2261
0.071

-1.62
(4.22)

2261
0.070

0.00
(2.71)

2261
0.070

-1.24
(1.29)

0.48
(1.45)

2012
0.118

*

2.46"
(1.13)

2012
0.119

-1.47
(3.89)

2012
0.118

031
(1.71)

2012
0.118

-1.26
(0.97)

1.12
(1.94)

2012
0.107

0.29
(1.49)

2012
0.107

-2.04
(3.00)

2012
0.107

-0.11
(2.25)

2012
0.107

—3.66***
(1.32)
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Behavior Problems Index (BPI) BPI total score

Antisocial score

Oppositional score

Gestational week < 32 -0.63 -1.83
(3.91) (3.54)

N 2253 2253

Adjusted R 0.090 0.152

1.94
(3.56)

2261
0.058

2.15
@.71)

2261
0.070

-7.91""*
(2.94)

2012
0.119

-6.21""
(3.04)

2012
0.108

Note: 1997, 2002-3, 2007 waves of the PSID-CDS are used. Regressions include repeated observations. N denotes the number of observations. All
regressions include the controls for child's sex, race, lifetime family income, mother's age and marital status at child's birth, cigarette excise tax at
child birth, a set of indicators for birth order, home environment, and mother's education. Robust standard errors in parentheses are clustered at the

child level.

p<0.1,

*

p<0.05,

*kk

p<0.01.
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Estimated Effects of Fetal Growth Rate on Speech and Sensory Impairment

Appendix Table 3

Ever-diagnosed

developmental disability

Speech impairment

Hearing impairment

Vision difficulty

Prevalence 10.86% 3.76% 6.90%
Log of FGR -0.02 _g15** 0.02 0.08" -0.02 -0.04
(0.06) (0.08) (0.03) (0.04) (0.05)  (0.07)
Log of FGR * male -0.15 0.09 -0.09
(0.10) (0.06) (0.08)
Log of FGR * female -0.16" 0.07 0.01
(0.09) (0.05) (0.09)
Gestational week 32-37 0.02 -0.01 -0.01 -0.02 -0.02 -0.02 -0.03 -0.05 -0.05
(0.04)  (0.06) (0.06) (0.02) (0.03) (0.03) (0.03) (0.05) (0.05)
Gestational week <32 0.01 -0.12 -0.13  0.04 -0.08 -009 g34** 035* 036"
(0.13) (0.12) (0.12) (0.07) (0.09) (0.10) (0.15) (0.15) (0.15)
N 1464 1464 1464 1464 1464 1464 1464 1464 1464
Adjusted R? 0.027  0.066 0.066 -0.0 0.004  0.003 0.025 0.029  0.030
F statistics 0.01 0.05 0.82
p-value 0.92 0.82 0.37
Mother FE No Yes Yes No Yes Yes No Yes Yes

Page 29

Note: 1997, 2002-3, 2007 waves of the PSID-CDS are used. N denotes the number of children. All regressions include the controls for child's sex,
race, lifetime family income, mother's age and marital status at child's birth, cigarette excise tax at child birth, a set of indicators for birth order,

home environment, and mother's education. Table shows F-statistics and p-values for testing the equality of the coefficients on the two interaction
terms (Log FGR*male and Log FGR*female). Robust standard errors in parentheses are clustered at the mother level.

k% 10,01,

*
p<0.1,

*%

p<0.05,
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