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ABSTRACT
Several studies report socioeconomic inequalities in child health and consequences of early disease. However, not much
is known about inequalities in health capital accumulation in the womb in response to fetal health shocks, which is
essential for finding the earliest sensitive periods for interventions to reduce inequalities. We identify inequalities in birth
weight accumulation as a result of fetal health shocks from the occurrence of one of the most common birth defects, oral clefts,
within the first 9 weeks of pregnancy, using quantile regression and two datasets from South America and the USA. Infants born
at lower birth weight quantiles are significantly more adversely affected by the health shock compared with those born at higher
birth weight quantiles, with overall comparable results between the South American and US samples. These results suggest that
fetal health shocks increase child health disparities by widening the spread of the birth weight distribution and that health
inequalities begin in the womb, requiring interventions before pregnancy. Copyright © 2013 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Health inequalities are common and occur early in life. For example, several socioeconomic, racial, and
geographic disparities are reported in the prevalence of early adverse infant health outcomes such as low
birth weight or infant mortality worldwide (Thompson et al., 2005; Matijasevich et al., 2008; Currie,
2009; Heron et al., 2010). More importantly, inequalities may result from differential responses to disease
occurrence or health shocks due to differences in economic, social, environmental, or biological factors
that not only affect the risk of exposure to or severity of disease and shocks but also modify their health
consequences. Identifying these differential responses to health shocks is essential for identifying approaches
to reduce health inequalities. Many diseases occur in a ‘random’ fashion and involve very complex etiologies
including genetic factors that until now cannot be modified through preventive interventions. For these
reasons, public policy interventions may be limited in being able to prevent several diseases and more suited
to influence factors that may reduce the negative consequences of these diseases such as by improving
population health care and socioeconomic conditions. Such interventions may serve as a secondary
prevention that reduces the adverse effects of disease on individual well-being and human capital and may
be more effective in improving health outcomes until cost-effective primary prevention approaches are
available for complex diseases.
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Several studies report compensatory effects from socioeconomic endowments that lessen disease conse-
quences. However, most previous studies evaluate inequalities in responses to diseases and health shocks
that occur after birth, and little is known about the extent to which inequalities develop in response to health
shocks during pregnancy. In this study, we assess inequalities in fetal health accumulation, in the form of
birth weight, after health shocks in the form of oral clefts, which are one of the most common birth defects
occurring within the first 9 weeks of pregnancy. Using multiple datasets including a unique dataset with
detailed measures of oral cleft types and quantile regression to evaluate differences in fetal responses to
the shocks, we find that these shocks reduce early health capital significantly more for infants at low birth
quantiles who may generally be thought of as having lower health endowments than for infants at high birth
weight quantiles who are much less affected by these shocks. The results indicate significant inequalities in
fetal responses to early health shocks.

2. BACKGROUND

Some studies have reported that improved socioeconomic backgrounds lessen the adverse consequences of
health shocks during childhood. For example, Feinstein (2003) found that children with delayed development
in poor families are more adversely affected in terms of their educational attainment during adulthood
compared with those in richer families. Currie and Lin (2007) found that poor children are significantly more
likely to have activity limitations as a result of chronic conditions such as asthma and mental health conditions
compared with wealthier children with these conditions. Currie (2009) highlighted that inequalities between
poor and nonpoor children in activity limitations as a result of chronic conditions exceed inequalities in the
prevalence of these conditions. Such compensatory effects of higher socioeconomic status are likely due to
enhanced parental investments in child health and healthcare treatments that may reduce the burden of disease.

Although informative, the majority of previous studies evaluate inequalities in health responses to diseases
and health shocks that occur after birth. Not much is known about the extent to which inequalities develop in
response to health shocks during pregnancy. Such inequalities may have long-lasting and multiplicative effects
on health inequalities throughout life. Therefore, evaluating inequalities in health capital formation during
pregnancy is important to identify the earliest sensitive period when such disparities develop to devise early
and cost-effective interventions that can reduce health gaps. A few studies motivated by the fetal origin
hypothesis evaluate differences in the effects of health shocks during pregnancy on subsequent health capital
accumulation by socioeconomic indicators.1 However, these studies evaluate collective shocks, which unlike
individual shocks may be inaccurately measured at the individual level.

We examine inequalities in responses to health shocks in the womb. Specifically, we investigate how the
effects of fetal health shocks, in the form of craniofacial birth defects that occur by the ninth week of
pregnancy, on early health capital accumulation, in the form of birth weight, vary across the entire birth weight
distribution. We employ oral clefts as the measure of fetal health shocks for several reasons. As birth defects,
oral clefts represent a marker of abnormal fetal development. Furthermore, oral clefts are highly genetic in
etiology, with genetic heritability estimated to be around 70–90% (Christensen and Fogh-Andersen, 1993;
Christensen, 1999; Schliekelman and Slatkin, 2002). The high genetic heritability suggests that much of the
variation in oral cleft risks may be considered exogenous. Furthermore, oral clefts occur very early in
pregnancy—between 6 and 9 weeks of pregnancy (Sperber, 2002). This supports the exogeneity of oral clefts
as shocks as they are unlikely to be affected by prenatal care use and other healthcare interventions during
pregnancy. We do not aim at estimating the causal effects of oral clefts on fetal growth but rather use them
as an indicator of a developmental shock and assess differential responses to these shocks. Therefore, it is

1For example, Lindeboom et al. (2010) found that individuals born in a lower social status (based on father’s occupation) who were exposed
to the Dutch potato famine in 1884–1887 had larger reductions in survival during adulthood compared with individuals from higher social
class born during the same period.
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not critical for our purposes whether oral clefts are exogenous or not. However, the fact that they largely occur
because of exogenous factors strengthens the interpretation of the effects.

Oral clefts and fetal growth may share some underlying genetic and environmental/behavioral etiology, which
supports their use as a marker of a shock to fetal development. Some of the genes that may be involved in oral
cleft risks may also affect fetal growth and consequently birth weight.2 Furthermore, a few behavioral factors
including smoking, multivitamin/folic acid use, and excessive alcohol consumption have been suggested to play
a role in oral clefts (Wyszynski et al., 2003; Wehby andMurray, 2010; Wehby et al., 2011). These behaviors have
also been associated in the same direction with fetal growth and/or birth weight as with oral clefts (Scholl et al.,
1997; Lien and Evans, 2005; Okah et al., 2005; Wehby et al., 2009a, 2011).3 Also, there is some evidence that
lower socioeconomic status increases the risks of oral clefts (Clark et al., 2003; Durning et al., 2007) and that
lower socioeconomic status has well-documented negative effects on birth weight (Currie, 2009).

Another motivation for studying oral clefts as health shocks is that they are commonly considered one of the
most prevalent birth defects worldwide. More than 7000 infants were born annually with oral clefts in the USA
between 2004 and 2006 (Parker et al., 2010). Furthermore, oral clefts are easily diagnosed and have varying
severity levels that can be easily measured and evaluated as indicators of different intensities of health shocks.
In sum, the etiological, epidemiological, and clinical characteristics of oral clefts provide several advantages
for studying them as fetal health shocks compared with other common birth defects, which may be harder to
diagnose, are highly heterogeneous, and have an etiology that may not well overlap with that of fetal growth
and birth weight. An additional significance of studying oral clefts is that they have a significant burden on early
and long-term individual health, quality of life, psychosocial status, and human capital and increase mortality
risks (Kapp-Simon, 1986; Kapp-Simon et al., 1992; Thomas et al., 1997; Nackashi et al., 2002; Forrester and
Merz, 2003; Christensen et al., 2004; Wehby et al., 2006; Wehby and Cassell, 2010; Wehby et al, 2012a).

Several clinical and epidemiological studies using descriptive designs have reported negative associations
between oral clefts and birth outcomes including birth weight and/or gestational age (Menegotto and Salzano,
1991; Becker et al., 1998; Wyszynski and Wu, 2002; Wyszynski et al., 2003; Forrester and Merz, 2004).4 This
epidemiological research literature supports the premise of using oral clefts as markers of health shocks for fetal
growth and birth weight. However, none of these studies assessed the inequalities in the effects of oral clefts on
fetal health capital accumulation. We are aware of no other study that undertakes our approach to identify
inequalities in fetal health capital accumulation after health shocks. Therefore, our study makes a novel
contribution to the literature on inequalities in responses to very early health shocks.

Several genetic, biologic, socioeconomic, and environmental factors or endowments may modify fetal
responses to health shocks during pregnancy. Parsing these factors out and defining a single comprehensive
measure of endowment are challenging because of the limited knowledge to date of the specific relevant factors
and how to identify and measure them. Therefore, we do not evaluate inequalities resulting from differences in
specific measurable endowments. Instead, we employ quantile regression to evaluate the inequality in effects of
oral clefts between various quantiles of the birth weight distribution. By evaluating changes in the spread of the
birth weight distribution, quantile regression provides information about whether these fetal shocks widen

2Fetal growth and birth weight are thought to have a genetic heritability of 34–37% (Clausson et al., 2000). Fibroblast growth factor genes
and transforming growth factor genes, which have been implicated in certain forms of oral clefts occurring either alone or with other mal-
formations (Dixon et al., 2011), may be related to other fetal growth aspects (Forbes and Westwood, 2010). Of course, most of the genetic
etiologies of oral clefts and fetal growth are yet to be identified. However, there is theoretical support for some common genetic risk
factors.

3Furthermore, genetic variants have been found to modify the effects of some of these behaviors on both oral clefts and fetal growth/birth
weight. For example, variants in GSTT1 and other genes of the detoxification pathway have been reported to modify the effects of maternal
smoking on oral clefts (Shi et al., 2008). Similarly, there is evidence that the effects of maternal smoking on birth weight and preterm birth
are modified by fetal (GSTT1 and HLA-DQ) and maternal (GSTT1) genes (Nukui et al., 2004; Taylor et al., 2006).

4For example, using data from Sweden on infants with oral clefts compared with the entire birth population, Becker et al. (1998) found that
infants born with isolated clefts of both the lip and the palate (without other defects) had two times higher risk of low birth weight. Sim-
ilarly, using US natality data, Wyszynski and Wu (2002) reported a 1.6–1.7 times increased risk of low birth weight among children with
isolated oral clefts compared with unaffected infants.
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(or shrink) inequalities in birth weight. Also, the unobservable factors that determine the child’s quantile
ranking on the birth weight distribution (conditional on the observable characteristics) may be thought of as
representing unmeasured fetal health endowments as less (better) endowed infants are expected to rank on
the lower (higher) quantiles of birth weight. Therefore, quantile regression serves as a useful tool to assess
the heterogeneity in fetal responses to the health shocks.

3. ANALYTICAL APPROACH

We study inequalities in early health accumulation in the form of birth weight production in response to fetal
health shocks. We use birth weight as an early measure of health capital because it is very well reflective of fetal
growth and health accumulation, is an important measure of early health that is related to neonatal hospitalization
and infant mortality, and is strongly predictive of future health and human capital accumulation. Several studies
find that low birth weight is adversely associated with subsequent child development and adult health and human
capital outcomes (Frankel et al., 1996; Anderson and Doyle, 2003; Gluckman et al., 2008; Victora et al., 2008;
Currie, 2009). Our study follows standard infant health production models that have been commonly employed
in previous studies (Rosenzweig and Schultz, 1983; Wehby et al., 2009b) but adds the fetal health shock that
has direct effects on infant health.

We employ quantile regression to identify how the effects of fetal health shocks vary at different locations of
the birth weight distribution. The infant health production function can be considered within the quantile
regression framework as

H ¼ Q X; S;Uð Þ; (1)

where H is the birth weight, X are the observed relevant inputs and risk factors, S is the fetal health shock, and
Q is the quantile function of H. U is uniformly distributed between 0 and 1 and represents the infant’s ranking
on the net level of unobserved factors that determine how each infant ranks on the distribution of H, conditional
on X and S (Chernozhukov and Hansen, 2005). In other words, U results in different ranks on H for infants with
the same values of X and S. Substituting the quantile order q of H for U, where q is between 0 and 1, we find
that Q(X, S, q) is the conditional qth quantile of H.

Quantile regression is useful for identifying inequalities in fetal responses to health shocks. The model
allows for evaluating how the spread of the birth weight distribution is changing with these shocks. The spread
of the distribution is one measure of inequality. The spread would widen if the shock reduces birth weight more
at lower than at higher quantiles, indicating an increase in inequality. In contrast, the spread would shrink if the
shock reduces birth weight more at higher than at lower quantiles, indicating a decrease in inequality. Another
advantage of quantile regression is that the effects of S (and X) on Q can be interpreted as holding U constant at
the quantile order q. By estimating the effect of S on Q at a certain q, the model evaluates an effect of the fetal
health shock that essentially applies to infants, with U resulting in their ranking at that q. U may be generally
thought of here as representing the net level of ‘unobserved’ fetal health endowments (genetic/biologic,
socioeconomic, and environmental) that are relevant for H.5 By varying q, the model can evaluate the
heterogeneity in responses to S because it traces the effects of S on H by q as follows:

H ¼ Q a0q þ Xlq þ bqS
� �

(2)

5See other quantile regression applications for related interpretations (Chernozhukov and Hansen, 2004; Wehby et al., 2009b; Wehby and
Courtemanche, 2012).
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Quantile regression is not estimated by stratifying the sample by the quantiles of H and regressing
H on the model variables in stratified samples (such as by using ordinary least squares, OLS). At each
q, quantile regression is estimated using the whole sample by minimizing the sum of weighted
absolute deviations of H from the predicted value as follows (Koenker and Bassett, 1978; Koenker and
Hallock, 2001):

min q
Xn
Hi≥Qi

Hi � Qij j þ 1� qð Þ
Xn
Hi<Qi

Hi � Qij j
" #

(3)

We estimate the quantile regression for q from 0.05 to 0.95 in increments of 0.05. The variance–
covariance matrices are estimated by bootstrap with 500 replications. We test for the differences in the effects
of the health shocks on H by q using Wald tests (Hao, 2007). For comparison purposes, we also
estimate the infant health production function using OLS to obtain the effects of the health shocks at
the mean of H. We employ a Huber-type estimator for the OLS variance–covariance matrix that accounts
for the nonindependence of observations from the same area, which is defined later (Moulton, 1986;
Wooldridge, 2002).

As mentioned earlier, our goal is not to estimate the ‘causal effects’ of oral clefts per se on birth weight but
rather to evaluate the heterogeneity in their effects as a marker of fetal health shocks across the birth weight
distribution. In other words, we employ oral clefts as an indicator of a strong health shock to fetal health that
can result from either genetic, behavioral, or socioeconomic effects that are also relevant for birth weight.
Therefore, a general evaluation of our question may be achieved by simply regressing birth weight quantiles
on the oral cleft indicator alone. However, we are able to further evaluate the ‘source’ of the shock and whether
it is generated mainly by ‘genetic’ or ‘behavioral’ effects that are common to oral clefts and birth weight. As
indicated earlier, even though oral clefts have a very high genetic etiology, they may also be affected by
behavioral and socioeconomic factors.

We first estimate a specification that excludes individual-level characteristics in X and only includes area
and year fixed effects described in the following in addition to S. Next, we estimate a specification that
additionally controls for several theoretically relevant individual-level characteristics including maternal health,
behavioral, demographic, and socioeconomic factors. By comparing the effects of S between these two
specifications, we are able to evaluate the extent to which S represents genetic versus nongenetic effects on
birth weight.

4. DATA AND EMPIRICAL MODEL

4.1. Datasets

We employ two data sources and analyze them separately for this study. The goal is to evaluate the
stability and generalizability of the results across different samples and settings. The first is a unique data
source from the Latin American Collaborative Study of Congenital Anomalies (ECLAMC). Since 1967,
ECLAMC has been established as a research program for epidemiological investigations and surveillance
of congenital anomalies in several South American countries (Castilla and Orioli, 2004). ECLAMC is
built on a model of voluntary participation of several hospitals and physicians (who are mostly pediatri-
cians) in its surveillance activities. The physicians receive standard training from ECLAMC to monitor
the incidence of congenital anomalies in all the births in their hospitals and to systematically obtain—
using standardized infant identification and data collection methods across all physicians and hospitals
including infant examination, maternal interviews, and hospital record abstraction—detailed information
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on the birth defects, infant health, and prenatal risk factors (such as maternal health and fertility history).
The physicians examine the infants and conduct the interviews with the mothers before the infant is dis-
charged from the hospital after birth. The same data are obtained on all infants born with congenital
anomalies in the ECLAMC-affiliated hospitals. The physicians routinely transmit collected data to the
ECLAMC headquarters for data cleaning and storage. The physicians attend annual meetings of
ECLAMC at which refresher training is provided.

In addition to the infants with congenital anomalies, the physicians identify infants who are born in the
same hospitals without congenital anomalies and who are matched one to one to the affected infants
by sex and date of birth. The majority of eligible infants who are identified participate in the program
(more than 95%).6 The physicians obtain the same information on infants without congenital malforma-
tions using the same data collection procedures as for affected infants. The sample of unaffected infants
can be thought of as essentially representing a 2–3% random sample of all infants without congenital
anomalies in the ECLAMC-affiliated hospitals. ECLAMC data have been successfully employed in
several previous studies of infant health production in South America (Lopez Camelo et al., 2006;
Wehby et al., 2009a, 2010, 2012b).

The study sample that we employ from ECLAMC includes infants with oral clefts and infants without
congenital anomalies who were born in ECLAMC-affiliated hospitals between 19707 and 2007 in eight South
American countries8 and enrolled in the ECLAMC program. The total sample includes 2665 infants with
isolated oral clefts (i.e., clefts without other congenital malformations), 1417 infants with nonisolated oral clefts
(i.e., clefts with other congenital malformations), and 40,528 infants without congenital anomalies. We include
all nonmalformed infants who were recruited into ECLAMC and born in the same month as the infants with
oral clefts.

The ECLAMC sample offers several advantages over other potential data sources for this study such as
other birth defect registry data. The sample is larger than most samples from other birth defect registry
programs and is unique in being identified by physicians who receive the same training in the study proce-
dures and who systematically and prospectively obtain all the study data by examining infants, interviewing
mothers, and abstracting hospital records. To our knowledge, many registry programs in other settings rely
solely on record abstraction, which can result in missed cases or birth defect misclassifications. Because of
the physical examination of children, the dataset includes detailed measures of birth defect types, allowing
for measuring birth defect severity and studying the effects of different severity levels. Another advantage
of the ECLAMC sample is that it covers several communities that are diverse in their geographic location,
socioeconomic conditions, and demographic characteristics. Specifically, the sample that we employ
includes infants born in 144 hospitals, 91 cities, and 57 provinces/states in eight countries. As described later,
the sample involves significant variation in infant and maternal health and in demographic and socioeco-
nomic characteristics. We cannot directly evaluate the sample representativeness of the entire birth
populations in these countries because of the lack of population-level data on comparable measures.
However, the sample diversity significantly enhances its representativeness and generalizability of results.
Further, ECLAMC does not impose inclusion or exclusion criteria on hospital participation, which further
enhances representativeness.

The second data source that we employ for this study is the US natality live birth data for 2004. The
dataset includes birth certificate information on virtually all (>99%) births in the USA (Natality User
Guide, 2006) and is publicly available through the National Center of Health Statistics at the Centers
for Disease Control. Standard reporting and data collection methods have been developed for the states.
The natality datasets include, for each birth, data on birth outcomes such as birth weight, maternal health,

6Participation in ECLAMC, personal communication with Eduardo E. Castilla, ECLAMC Coordinator, on December 4, 2009.
7ECLAMC started in 1967, but several relevant inputs and demographic characteristics were added in 1970. Further, the sample was mark-
edly smaller in the first 3 years.

8These include Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Uruguay, and Venezuela.
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and prenatal behaviors and risk factors (prenatal care, smoking, alcohol, weight gain, health complications during
pregnancy, and live birth order); demographic and socioeconomic characteristics (marital status, age, race,
and education); and presence of selected congenital malformations, including oral clefts. We choose 2004
instead of more recent years as it includes state of birth, which we control for in our models.

The natality dataset provides a much larger sample of unaffected births but is limited to birth certificate
data and does not provide the same accuracy of birth defect classification as the ECLAMC data. There are
concerns that congenital malformations (especially less visible ones) may be underreported in birth
certificates. However, this has minimal implications, if anything, for our study because we are interested
in evaluating the effects of oral cleft occurrence as a health shock measure and not in estimating the
prevalence of oral clefts. Given that we draw a random sample of ‘unaffected’ infants from the natality
dataset as the reference group, any ‘measurement error’ of unaffected status is likely to have minimal effects
because of the relatively low oral cleft incidence in the population. The natality sample that we study
includes 1751 infants with isolated oral clefts, 436 infants with oral clefts with other birth defects, and
306,618 infants without birth defects. The unaffected group is based on a 10% random sample of all infants
without any birth defect in the natality dataset, which provided an unbiased estimate of the birth weight mean
of the entire population of unaffected infants. The ‘unaffected’ sample may include 307 undiagnosed oral
cleft cases, assuming an average incidence of one case of oral clefts per 1000 births (Mossey et al., 2009).
We expect this to result in underestimation of the health shock effect, which still allows for using the
estimated effects as the lower bounds of the real effects.

4.2. Health shock measures

As mentioned earlier, we measure fetal health shocks by whether the infant has an oral cleft, which occurs
by the ninth week of pregnancy. In the ECLAMC dataset, oral cleft status was recorded by the affiliated
pediatricians through examination of the infant before discharge from the hospital after birth. Oral clefts are
commonly defined as those that occur alone without other birth defects (isolated forms) or with other birth
defects (nonisolated forms). The three types of typical oral clefts include cleft lip alone, cleft lip with palate,
and cleft palate alone. Isolated forms are the majority of cases, including about 70% of cases with cleft lip with
or without cleft palate and about 50% of cases with cleft palate alone (Jones, 1988; Marazita, 2002). Isolated
clefts have significantly less severe adverse effects on individual health than nonisolated cases. Unlike the
ECLAMC sample, the 2004 natality dataset does not include specific measures for the type of oral clefts but
combines the three types together. However, the data allow for measuring isolated and nonisolated status on
the basis of the presence of other birth defects.

We separately evaluate the effects of isolated and nonisolated oral clefts as fetal health shocks given their
different severity levels in both the ECLAMC and natality datasets. Additionally, in the ECLAMC dataset,
we measure the shocks within the isolated and nonisolated groups by the three cleft types of cleft lip alone, cleft
lip with palate, and cleft palate alone as they vary in severity and effects on infant health.

4.3. Empirical model

Our basic empirical model is defined as

Hi ¼ a0 þ
XS
s¼1

asSHOCKsi þ
XA
a¼1

aaAREAai þ
XY
y¼1

ayYEARyi þ ui; (4)

where, for infant i, H is the birth weight and SHOCK is the oral cleft status as described earlier. AREA includes
country fixed effects when using ECLAMC data and state fixed effects when using natality data. YEAR includes
year of birth fixed effects when using ECLAMC data.
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Next, we estimate an expanded model that includes observable inputs and risk factors to evaluate the
different sources of the shock,

Hi ¼ a0 þ
XS
s¼1

a
0
sSHOCKsi þ

XM
m¼1

amMATERNALmi þ
XF
f¼1

af FAMILYfi þ
XD
d¼1

adINFANT DEMOGRAPHICSdi

þ
XA
a¼1

a
0
aAREAai þ

XY
y¼1

a
0
yYEARyi þ vi;

(5)

where differences in coefficients from the previous model are indicated by (0). The specification of the added
vectors on the right-hand side varies slightly between the ECLAMC and US natality data because of differences
in data measures. MATERNAL includes several maternal health, behavioral, demographic, and socioeconomic
indicators such as fertility history indicators, age, prenatal behaviors, and schooling.9 FAMILY is only
measured for the ECLAMC dataset and includes father’s employment/occupational level and family history
of oral clefts. INFANT_DEMOGRAPHICS includes the infant’s sex and race/ethnicity.10 As mentioned earlier,
we estimate all models separately for isolated and nonisolated clefts.

Tables I and II report all the model variables and their distributions for the ECLAMC and natality samples,
respectively.

5. RESULTS

5.1. Health shock effects—basic specification

We first report how the effects of health shocks on birth weight accumulation vary between different quantiles
of the birth weight distribution as estimated from the quantile regression of Equation (4), which excludes
observable inputs and risk factors and only adjusts for area and year (for ECLAMC) fixed effects. For the
ECLAMC sample, Table III reports these effects for birth weight quantiles 0.1, 0.25, 0.5, 0.75, and 0.9, and
Figures 1 and 2 show these effects for quantiles 0.05 through 0.95 in 0.05 increments. Table IV and Figure 3
show these results for the US natality data.

The results are overall comparable between the two data samples. The health shocks have significant
negative effects on birth weight that are significantly larger (in absolute value) for infants born at lower
birth weight quantiles. Therefore, the spread of the birth weight distribution widens with these shocks,
indicating an increase in inequality. Furthermore, because infants ranking at lower birth weight are
generally expected to have lower health endowments, the results suggest that these health shocks have
larger effects for less-endowed infants. This particular interpretation of the quantile effects requires a rank
similarity assumption, in that the unobserved endowments thought to determine the ranking of the child
on the birth weight distribution do not systematically vary between infants exposed to the shocks and
those not exposed to the shocks. In other words, there are no disproportionate shock effects that

9For the ECLAMC analysis, MATERNAL includes indicators for acute and chronic health conditions during pregnancy, number of
previous live births and miscarriages/still births, maternal age, receiving vaccinations, taking medications and folic acid
during pregnancy, and schooling level. For the natality analysis, MATERNAL includes indicators for acute and chronic health
conditions during pregnancy, number of previous live births and still births, maternal age, smoking during pregnancy, and
schooling level.

10These are based on maternal report in ECLAMC. The infant may have multiple ancestries reported, which are represented by separate
indicators.
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Table I. Variable description for Latin American Collaborative Study of Congenital Anomalies data

Variable

Percent/mean (SD)

Total sample
Isolated cases
(N= 2665)

Nonisolated cases
(N = 1417)

Nonaffected
(N= 40,528)

Any oral cleft 9.100 — — —
Cleft lip onlya 1.800 25.600 9.000 —
Cleft palate onlya 2.400 16.000 44.900 —
Cleft lip and palatea 5.000 58.400 46.100 —
Infant characteristics
Birth weight between 500 and
6000 g only

3177.510 (589.790) 3094.240 (650.890) 2518.630 (867.860) 3206.840 (558.380)

Gestational age from 19.5 to
46.5 weeks

39.040 (2.779) 38.950 (3.063) 37.390 (4.042) 39.110 (2.704)

Female infanta 46.400 42.700 49.500 46.500
African ancestrya 17.200 10.900 15.300 17.400
Native ancestrya 81.400 83.100 81.100 80.600
European Latin ancestrya 43.200 43.300 44.700 43.100
European non-Latin ancestrya 7.400 7.800 8.200 7.700
Other ancestrya 2.400 2.400 3.200 2.400
Cleft relativea 2.200 16.600 8.700 1.000

Maternal characteristics
Acute illnessesa 27.400 33.900 37.200 27.400
Chronic illnessesa 10.300 12.700 15.600 10.300
Conception difficultya 6.900 7.700 8.800 6.900
Number of live births the mother
has had

1.577 (1.884) 1.915 (2.139) 1.877 (2.137) 1.545 (1.853)

Number of spontaneous and
stillbirths

0.211 (0.590) 0.264 (0.668) 0.325 (0.756) 0.201 (0.572)

Vaccine taken during the first
trimestera

7.500 7.200 8.300 7.500

Medication taken during the first
trimestera

27.600 33.000 37.300 27.000

Folic acid taken during the first
trimestera

2.600 2.400 3.200 2.500

Maternal age, 13 to 49 years 25.452 (6.463) 26.067 (6.617) 27.051 (7.219) 25.343 (6.428)
Maternal age squared 689.570 (355.230) 723.270 (369.070) 783.860 (414.620) 683.590 (352.130)
Primary school completea,b 24.600 26.000 25.900 24.500
Secondary school incompletea,b 0.250 0.235 0.215 0.250
Secondary school completea,b 17.400 15.000 18.1 17.5
University incompletea,b 3.300 3.900 3.900 3.200
University completea,b 2.700 3.600 3.400 2.600

Father’s employment/occupational status
Blue collar workersa,c 18.500 16.900 18.900 18.600
White collar workersa,c 24.900 24.500 22.600 24.700
Independent workersa,c 9.100 10.300 10.700 9.100
Executive workersa,c 8.100 8.200 7.500 8.000

Country indicators
Boliviaa,d 3.400 8.000 3.900 3.000
Brazila,d 23.700 15.700 23.200 25.200
Chilea,d 21.200 16.400 17.500 20.700
Colombiaa,d 1.400 2.300 2.300 1.200
Ecuadora,d 6.000 6.700 4.900 5.700
Uruguaya,d 2.100 2.800 2.300 1.900
Venezuelaa,d 14.700 11.900 10.200 14.300

Standard deviations (SD) of study variables are in parentheses. Year indicators are omitted for brevity.
aA binary 0/1 indicator is used.
bThe reference for maternal education is no schooling and incomplete primary education.
cThe reference for father’s employment or occupation status is unemployed.
dThe reference country is Argentina.
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systematically modify the rankings of the well-endowed infants relative to the less-endowed ones.11 This
assumption does not affect the interpretation that the shocks increase the spread of the birth weight
distribution. As expected, more severe shocks (nonisolated clefts and more severe cleft types) have larger
adverse effects on birth weight. However, more importantly, the decrease in the adverse shock effects on
birth weight with the increase in quantile order is monotonous for more severe shocks (nonisolated clefts)
but generally flattens out quickly especially in the ECLAMC sample beyond fairly low quantile ranks for
less severe shocks (isolated clefts).12 In other words, the effects of severe shocks decrease at a fairly
constant rate with moving to higher birth weight quantiles, whereas the effects of less severe shocks overall
decrease at an increasing rate (which again is more prominent in the ECLAMC sample). This suggests that an

Table II. Variable description for US natality data

Variable

Percent/mean (SD)

Total sample
Isolated cases
(N= 1751)

Nonisolated cases
(N= 436)

Nonaffected
(N = 306,618)

Any oral clefta 0.60 — — —
Infant characteristics
Birth weight between 500 and
6000 g only

3255.27 (619.55) 3196.20 (621.78) 2682.87 (831.31) 3255.61 (619.52)

Gestational age from 19.5 to
46.5 weeks

38.50 (2.60) 38.51 (2.61) 37.18 (3.52) 38.51 (3.52)

Female infanta 47.92 42.55 51.61 47.96
Maternal characteristics
Acute illnessesa 7.27 9.25 15.14 7.26
Chronic illnessesa 9.74 11.94 11.47 9.72
Number of live births the mother
has had

1.05 (1.22) 1.10 (1.20) 1.21 (1.38) 1.05 (1.22)

Number of spontaneous stillbirths 0.38 (0.83) 0.42 (0.88) 0.46 (0.97) 0.38 (0.82)
Maternal age, 13 to 49 years 27.34 (6.17) 26.79 (6.01) 27.85 (6.50) 27.35 (6.17)
Maternal age squared 785.64 (348.95) 753.63 (337.10) 817.56 (376.79) 785.83 (349.00)
High schoola,b 30.25 35.12 30.96 30.23
University incompletea,b 21.45 20.56 22.25 21.45
University completea,b 27.32 21.36 23.62 27.35
Maternal race Whitea,c 77.67 85.44 84.63 77.62
Maternal race Blacka,c 16.32 7.71 9.63 16.37
Smoked during pregnancy (yes)a 10.36 17.13 14.45 10.33

Standard deviations (SD) of study variables are in parentheses. State indicators are omitted for brevity.
aA binary 0/1 indicator is used.
bThe reference for maternal education is less than a high school graduate.
cThe reference for maternal race is other race.

11This may be considered a strong assumption in our case because some of the unobserved endowments (such as genetic or environmental
factors) that determine the birth weight ranking may also relate to the risk of having an oral cleft. The extent to which this assumption
holds depends on the importance of these particular endowments (related to both oral clefts and birth weight ranking) relative to other
unobserved endowments that determine birth weight ranking but are not related to oral clefts. As we show later, controlling for several
observable socioeconomic and maternal health factors does not change the observed pattern of heterogeneous shock effects across the
quantiles. If these controls proxy for a large extent of the variation in these endowments (that vary between infants with and without oral
clefts and relate to their birth weight ranking), then this may reduce the risk of seriously violating this assumption. However, it is possible
that some of these endowments are not accounted for by the controls. Therefore, the interpretation of heterogeneous effects by unobserv-
able endowments should be considered within this qualification.

12In most cases, the effect decreases (in absolute value) with an increase in the quantile order, but in a few cases, especially with isolated
clefts in the natality sample, the effect increases. There is no prior expectation that the effects should always decrease monotonously
across adjacent quantiles. The underlying unobserved heterogeneity may influence the effects of isolated clefts in different ways at dif-
ferent quantiles compared with the effects of nonisolated clefts, resulting in different patterns of effects.
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increase in the quantile rank (which may be generally thought of as an increase in endowment) has close to
constant marginal returns with severe shocks but diminishing marginal returns with less severe shocks.

In the ECLAMC sample, the severe shocks (nonisolated clefts) decrease birth weight by 1326 g at the 0.1
quantile and by 265 g at the 0.9 quantile. Within these, the most severe type (cleft lip with palate) generally
has larger effects than the less severe types (except in a few cases at low quantiles when compared with cleft
lip alone) and reduces birth weight by 1398 g at the 0.1 quantile and 380 g at the 0.9 quantiles. In contrast,
isolated clefts, which represent the less severe shocks, decrease birth weight by 280 g at the 0.1 quantile and
by 45 g at the 0.9 quantile. Within the isolated clefts, the more severe type (cleft lip with palate) has overall
larger effects than less severe types and reduces birth weight by 330 g at the 0.1 quantile and by 65 g at the
0.9 quantile. Clearly, the shock effects for the ‘average child’ (at the median or at the mean) mask the
heterogeneity in the effects at other locations of the birth weight distribution. The more severe (nonisolated cleft)
and less severe (isolated cleft) shocks decrease birth weight by 610 and 70 g, respectively, at the 0.5 quantile,
which are very different from the effects at the low or high quantiles. The differences in the health shock effects
between the five quantiles reported in Table III are statistically significant.

Slightly lower effects are observed in the natality dataset, but the trend is remarkably similar to that in the
ECLAMC dataset, especially for the severe shocks. The severe shocks (nonisolated clefts) reduce birth weight
by 987 g at the 0.1 quantile and by 255 g at the 0.9 quantile. At the 0.5 quantile, severe shocks reduce birth
weight by 567 g. Similarly, the less severe shocks reduce birth weight by 109 g at the 0.1 quantile, by 57 g
at the 0.9 quantile, and by 85 g at the 0.5 quantile. The severe health shock effects (nonisolated) are
significantly different between the five quantiles reported in Table IV, but the less severe shock effects are
not statistically different.

Figure 1. Effects of nonisolated oral clefts on birth weight (BW) quantiles and mean using the Latin American Collaborative Study of
Congenital Anomalies data—basic specification. The figure reports the effects of nonisolated oral clefts (both overall and by type) on
birth weight quantiles (solid line) and mean (dashed line). The effects are estimated from the basic specification that only controls for
country and year of birth fixed effects (Equation (4)). The 95% CIs for the quantile effects estimated using 500 bootstrap applications

are in the shaded area
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5.2. Health shock effects—expanded specification

Tables V and VI report the health shock effects on the selected five birth weight quantiles and the mean in the
expanded specification (Equation (5)), which includes observable risk factors and inputs for the ECLAMC and
natality samples, respectively.13 Figures 4 and 5 show the effects of nonisolated and isolated clefts, respectively,
for quantiles 0.05 through 0.95 in the ECLAMC sample. Figure 6 shows these effects for the natality sample.

The health shock effects are generally insensitive to controlling for the observed maternal health,
demographic, behavioral, and socioeconomic characteristics. The same pattern of differences in shock effects
across the birth weight quantiles is virtually observed in both the ECLAMC and natality datasets. Some effects
slightly increase after controlling for these factors, whereas others slightly decrease. Differences in the effects
of isolated clefts between the five quantiles become significant in the natality dataset.14 As a whole, these
results support the hypothesis that genetic effects common to both oral clefts and birth weight are likely to
be the main source of the shock.

13Detailed regression results for these covariates are available in the Appendix.
14Overall, there are no consistent differences in the magnitude and pattern of changes in shock effects from the basic (Table IV) to the
expanded (Table VI) specification between isolated and nonisolated clefts. The differences are likely driven by differences in how the cleft
group indicators (isolated versus nonisolated) are correlated with some of the control variables with significant effects on birth weight. For
example, isolated cleft status is positively correlated with smoking status and chronic illnesses (in a regression of isolated status on all
control variables), but these variables are not significantly correlated with nonisolated oral cleft status.

Figure 2. Effects of isolated oral clefts on birth weight (BW) quantiles and mean using the Latin American Collaborative Study of Congenital
Anomalies data—basic specification. The figure reports the effects of isolated oral clefts (both overall and by type) on birth weight quantiles
(solid line) and mean (dashed line). The effects are estimated from the basic specification that only controls for country and year of birth fixed

effects (Equation (4)). The 95% CIs for the quantile effects estimated using 500 bootstrap applications are in the shaded area
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Several of the included risk factors and inputs have the expected effects on birth weight.15 In the ECLAMC
and natality datasets, birth weight increases with maternal age (at a decreasing rate), number of previous live
births (with larger increases at higher quantiles), and maternal education. In contrast, birth weight generally
decreases with maternal illnesses and number of miscarriages and stillbirths, with larger reductions at lower
birth weight quantiles. Also, female infants have lower birth weight (particularly at higher quantiles). In the
ECLAMC sample, a history of difficulty in conceiving and intake of folic acid supplements in the first trimester
are negatively associated with birth weight at low quantiles (especially in the model with isolated clefts),
whereas father’s employment is positively associated with birth weight. Also, children of Native and African
ancestries have lower birth weight (especially at lower quantiles). In the natality sample, infants of Black
mothers have lower birth weight, whereas infants of White mothers have higher birth weight than infants of
non-White, non-Black mothers. Finally, maternal smoking is associated with a decrease in birth weight. The
overall similarity in these results between the two datasets provides further validity for the comparable patterns
of the shock effects.

15See detailed results in the Appendix.

Figure 3. Effects of oral clefts on birth weight (BW) quantiles and mean using the natality data—basic specification. The figure reports the
effects of nonisolated and isolated oral clefts on birth weight quantiles (solid line) and mean (dashed line). The effects are estimated from
the basic specification that only controls for state fixed effects (Equation (4)). The 95% CIs for the quantile effects estimated using 500 boot-

strap applications are in the shaded area

Table IV. Fetal health shock effects on birth weight using natality data—basic specification

Model Quantile Ordinary least
squares

0.1 0.25 0.5 0.75 0.9

Isolated clefts (N= 308,369) �109.0***
(35.2)

�98.0***
(21.5)

�85.0***
(18.9)

�53.0***
(15.1)

�57.0**
(19.6)

�62.1***
(16.8)

Nonisolated cleftsa

(N = 307,054)
�987.0***
(67.7)

�782.0***
(61.7)

�567.0***
(35.5)

�397.0***
(61.7)

�255.0***
(51.7)

�574.1***
(31.9)

The table reports the health shock effects on birth weight quantiles and mean from the basic specification in Equation (4). Standard errors
are in parentheses.
aThe coefficients are significantly different between the five quantiles at p< 0.0001.
**p< 0.05; ***p< 0.01.
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6. CONCLUSIONS

We find that fetal health shocks increase inequalities in health capital accumulation by more adversely affecting
infants at lower birth weight quantiles and widening the spread of the birth weight distribution. Specifically,
severe health shocks reduce birth weight at low quantiles by up to five times more than at high quantiles. This

Table V. Fetal health shock effects on birth weight using Latin American Collaborative Study of Congenital Anomalies
data—expanded specification

Model Quantile Ordinary least
squares

0.1 0.25 0.5 0.75 0.9

Isolated cleftsa (N= 43,193) �277.8***
(28.5)

�137.1***
(18.9)

�85.6***
(15.2)

�53.1***
(13.0)

�36.6*
(19.9)

�117.8***
(14.4)

Isolated cleft types (N= 43,193)
Cleft lip onlyb,c �174.8***

(49.0)
�83.3**
(34.9)

�58.4**
(26.5)

�41.6*
(24.6)

�8.33
(31.3)

�75.3***
(8.2)

Cleft palate onlyd �206.6** (81.2) �84.6**
(34.8)

�21.9
(32.6)

7.0
(36.0)

8.7
(42.7)

�40.0
(22.2)

Cleft lip with palatea �327.5***
(42.3)

�190.7***
(23.8)

�130.4***
(18.9)

�77.1***
(17.2)

�75.3***
(24.3)

�159.1***
(22.5)

Nonisolated cleftsa

(N = 41,945)
�1290.6***

(54.9)
�1017.3***

(30.0)
�604.1***
(32.5)

�409.2***
(25.3)

�253.0***
(36.3)

�693.1***
(42.9)

Nonisolated cleft types (N= 41,945)
Cleft lip onlya �1307.0***

(185.0)
�1188.0***
(128.0)

�563.0***
(133.3)

�254.4***
(88.2)

�126.4
(133.1)

�658.9***
(73.7)

Cleft palate onlya �1104.1***
(81.5)

�892.9***
(63.2)

�494.7***
(36.7)

�345.4***
(34.6)

�218.3***
(39.2)

�594.9***
(76.0)

Cleft lip with palatea �1363.3***
(68.8)

�1103.0***
(51.4)

�779.2***
(52.2)

�508.7***
(37.0)

�406.8***
(69.3)

�797.1***
(36.1)

The table reports the health shock effects on birth weight quantiles and mean from the expanded specification in Equation (5). Standard
errors are in parentheses.
*p< 0.1; **p< 0.05; ***p< 0.01.
aThe coefficients are significantly different between the five quantiles at p< 0.0001.
bThe coefficients are significantly different between the five quantiles at p< 0.1.
cThe coefficients are significantly different between the 0.1 and 0.9 quantiles at p< 0.01 (only evaluated when the coefficients are not
significantly different between the five quantiles at p< 0.05).
dThe coefficients are significantly different between the 0.1 and 0.9 quantiles at p< 0.05 (only evaluated when the coefficients are not
significantly different between the five quantiles at p< 0.05).

Table VI. Fetal health shock effects on birth weight using natality data—expanded specification

Model Quantile Ordinary least
squares

0.1 0.25 0.5 0.75 0.9

Isolated cleftsa

(N = 308,369)
�87.3** (40.8) �114.6*** (18.4) �67.3*** (14.5) �48.6*** (16.9) �35.5* (19.8) �61.0*** (15.1)

Nonisolated
cleftsb

(N = 307,054)

�932.9*** (86.9) �769.7*** (50.5) �578.8*** (36.2) �377.1*** (44.1) �212.1*** (50.8) �550.0*** (28.9)

The table reports the health shock effects on birth weight quantiles and mean from the expanded specification in equation (5). Standard
errors are in parentheses.
aThe coefficients were significantly different between the five quantiles at p< 0.01.
bThe coefficients were significantly different between the five quantiles at p< 0.0001.
*p< 0.1; **p< 0.05; ***p< 0.01.
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is also observed for less severe shocks, with birth weight decreasing by about six and two times more at low
than at high quantiles in South America and the USA, respectively. Although we cannot evaluate the long-term
effects of these inequalities, the large gaps in birth weight loss due to these shocks between infants at low
versus high quantiles and the wide literature on the importance of birth weight as a predictor of future health
and human capital suggest that these disparities may translate into large differences in these outcomes later
in life. These results strongly indicate that inequalities in response to health shocks begin before birth and that
policies aiming at improving child health and human development and reducing disparities in these outcomes
should consider interventions that can reduce these inequalities during pregnancy, which is a highly sensitive
period for health disparities.

Interestingly, the results are replicated across two samples from developed and less-developed countries.
Although the absolute effects of the fetal health shocks are lower in the USA than in South America, the
inequalities as a result of severe shocks are generally comparable between the two samples. This suggests that
economic growth may proportionally reduce the adverse effects of severe fetal health shocks across the entire
birth weight distribution but may not substantially affect the disparity in responses to these shocks between
infants at different birth weight quantile ranks. However, economic growth appears to reduce the effects of less
severe shocks much more for infants at low birth weight quantiles. For example, the effect of isolated clefts at
the 0.1 quantile is about three times larger (in absolute value) in the South American sample than in the US
sample, but the effect is comparable between the two samples at the median and higher quantiles. The
comparable results between two unrelated samples from developed and less-developed countries suggest no
sample selection bias in this study. However, replicating the study in other samples may be important for
evaluating the generalizability of the results across different population characteristics.

Figure 4. Effects of nonisolated oral clefts on birth weight quantiles and mean using the Latin American Collaborative Study of Congenital
Anomalies data—expanded specification. The figure reports the effects of nonisolated oral clefts (both overall and by type) on birth
weight quantiles (solid line) and mean (dashed line). The effects are estimated from the expanded model that includes all control variables

(Equation (5)). The 95% CIs for the quantile effects estimated using 500 bootstrap applications are in the shaded area.
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The unobservable heterogeneity resulting in different birth weight rankings for infants of similar observable
characteristics may be thought of as reflecting differences in unobservable fetal health endowments, which may
include a wide range of genetic/biologic, socioeconomic, and environmental factors. Because infants ranking at
lower birth weight quantiles may have fewer of these endowments on average, the findings suggest that health
shocks result in larger health losses for less-endowed than better-endowed infants. Previous research has
suggested that less-endowed infants at lower birth weight quantiles benefit more from prenatal care than

Figure 6. Effects of oral clefts on birth weight quantiles and mean using the natality data—expanded specification. The figure reports the
effects of nonisolated and isolated oral clefts on birth weight quantiles (solid line) and mean (dashed line). The effects are estimated from
the model that includes all control variables (Equation (5)). The 95% CIs for the quantile effects estimated using 500 bootstrap applications

are in the shaded area.

Figure 5. Effects of isolated oral clefts on birth weight quantiles and mean using the Latin American Collaborative Study of Congenital
Anomalies data—expanded specification. The figure reports the effects of isolated oral clefts (both overall and by type) on birth weight
quantiles (solid line) and mean (dashed line). The effects are estimated from the model that includes all control variables (Equation (5)).

The 95% CIs for the quantile effects estimated using 500 bootstrap applications are in the shaded area.
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better-endowed ones (Wehby et al., 2009a, 2009b). Together, these results suggest that less-endowed infants at
lower birth weight quantiles are more sensitive to either gaining from healthcare interventions or losing from
health shocks. We cannot directly identify in our analysis the specific fetal health endowments that may play
a role in these inequalities and how they differ across the birth weight distribution. However, most of these
seem unrelated to the typically observable and studied inputs such as maternal health, education, employment,
and fertility history. These results highlight a complex underlying structure of causes for inequalities in early
health accumulation and the need to expand the traditional health production framework in future research to
be able to measure and study additional less-evaluated inputs and endowments such as psychosocial and
genetic factors, besides the typically evaluated socioeconomic endowments, and to understand their role in
the observed inequalities.

The ‘shock’ effects of oral clefts on birth weight appear to be mainly due to common genetic etiologic
factors between these two conditions and to a lesser extent due to socioeconomic and behavioral factors. This
is supported by observing virtually similar effects of oral clefts in the two specifications that alternatively
exclude and include several socioeconomic, demographic, and behavioral factors. Of course, it is still possible
that some unobserved behavioral factors such as alcohol use, maternal nutrition and body weight, and others
that are relevant to both oral clefts and birth weight may be contributing to these shocks. Nonetheless, it is
unlikely that the large effects of oral clefts on birth weight can be explained by differences in such behaviors
between mothers of children with and without oral clefts as this would suggest very large behavioral effects
on birth weight as well as large differences in these behaviors between these two maternal groups, which are
not supported in the literature. As mentioned previously, oral clefts have a high genetic hereditability that
further supports the role of genetic factors in these shocks. However, the main implications of the study are
not dependent on the specific pathway of how oral clefts are associated with birth weight reduction as we
use oral clefts as a marker of a health shock to normal fetal development.

APPENDIX A

Table A1. Detailed results for the birth weight regression specification with the less severe shocks in the Latin
American Collaborative Study of Congenital Anomalies dataset

Model
Quantile

Ordinary least
squares

0.1 0.25 0.5 0.75 0.9

Isolated clefts �277.8*** (28.5) �137.1*** (18.9) �85.6*** (15.2) �53.1*** (13.0) �36.6* (19.9) �117.8*** (11.5)
Maternal age, 13 to
49 years

54.5*** (7.0) 45.1*** (4.2) 34.0*** (4.0) 38.9*** (3.8) 41.2*** (5.0) 40.9*** (3.1)

Maternal age squared �1.0*** (0.1) �0.8*** (0.1) �0.5*** (0.1) �0.6*** (0.1) �0.6*** (0.1) �0.7*** (0.1)
Female infant �77.7*** (10.7) �97.1*** (6.7) �105.9*** (6.0) �126.3*** (6.1) �140.1*** (8.2) �110.1*** (5.3)
Acute illnesses �100.7*** (14.2) �45.2*** (8.8) �18.8** (7.6) �15.7** (7.6) 0.3 (9.7) �39.6*** (6.6)
Chronic illnesses �90.7*** (20.7) �54.2*** (13.5) �51.6*** (11.4) �29.6** (11.5) 1.0 (17.9) �52.9*** (9.1)
Number of live
births the mother
has had

11.9*** (4.1) 10.1*** (2.5) 16.0*** (2.0) 20.5*** (2.4) 22.0*** (3.1) 16.3*** (1.9)

Conception difficulty �53.7** (22.6) �29.0** (14.2) �1.8 (12.4) �0.8 (12.1) �13.4 (15.1) �11.9 (10.7)
Number of
spontaneous stillbirths

�59.9*** (15.8) �16.4*** (6.0) �5.6 (5.1) 8.0 (6.6) 9.2 (7.4) �16.5*** (4.7)

(Continues)
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Model
Quantile

Ordinary least
squares

0.1 0.25 0.5 0.75 0.9

Vaccine taken during
the first trimester

26.4 (24.4) 3.8 (15.0) 8.1 (13.9) 7.3 (13.2) 13.3 (16.1) 17.4 (11.0)

Medication taken
during the first
trimester

16.8 (14.0) 5.5 (8.4) 3.9 (6.8) 6.3 (7.8) 3.6 (11.0) 3.5 (6.6)

Folic acid taken
during the first
trimester

�75.5** (33.8) �38.4* (21.0) �13.1 (24.3) �21.0 (24.7) �4.8 (33.8) �28.3 (17.8)

Primary school
complete

10.9 (15.6) 10.1 (9.7) 15.7* (9.0) 1.0 (9.1) 19.4 (12.1) 11.6 (7.7)

Secondary school
incomplete

15.8 (15.5) 21.4** (9.6) 23.9*** (8.9) �2.7 (10.0) 5.7 (12.4) 12.6 (8.0)

Secondary school
complete

60.2*** (18.1) 38.6*** (12.3) 52.2*** (10.1) 17.8* (10.6) 15.0 (13.9) 39.9*** (9.2)

University incomplete 60.1* (35.6) 12.7 (19.1) 30.2 (18.7) �27.9 (17.8) �21.7 (23.7) 4.0 (16.4)
University complete 144.4*** (42.6) 66.3*** (19.5) 44.9** (18.3) �15.5 (21.5) �29.3 (31.4) 28.5 (18.5)
Cleft relative 51.2 (37.5) 49.7* (30.0) 19.4 (23.0) 26.3 (20.7) �43.4 (30.5) 11.7 (19.7)
European Latin
ancestry

�33.6** (13.2) �14.8* (7.6) 0.1 (6.8) 12.6* (7.4) 13.4 (9.0) �4.7 (6.0)

European non-Latin
ancestry

0.9 (25.2) 19.5 (14.2) 30.2** (13.1) 15.4 (11.2) 13.3 (18.1) 23.8** (10.7)

Native ancestry �52.8*** (19.3) �42.1*** (11.5) �24.0** (9.3) �14.3 (9.4) �8.6 (14.1) �24.7*** (8.7)
African ancestry �63.8*** (20.4) �34.3*** (12.9) �20.0** (10.0) �26.5** (10.5) �9.9 (15.4) �27.6*** (9.0)
Other ancestry �0.6 (35.5) �29.9 (22.5) �42.6** (21.7) �29.1 (18.8) �50.8** (25.2) �26.5 (17.7)
Independent workers 67.9*** (21.0) 33.0*** (11.3) 22.0* (12.1) 6.8 (10.5) �13.0 (15.4) 25.7** (10.1)
Blue collar workers 52.3*** (16.5) 21.2** (9.8) 19.7** (8.6) 25.0*** (8.9) 6.9 (11.4) 21.8*** (7.7)
White collar workers 43.6*** (15.3) 32.4*** (9.1) 24.1*** (7.8) 22.9** (9.2) 1.5 (11.6) 24.5*** (7.4)
Executive workers 39.1* (22.3) 34.3** (14.7) 30.6** (12.5) 40.0*** (13.8) 22.6 (16.7) 33.3*** (11.5)

N= 43,193. The table reports the regression coefficients from Equation (5) with standard errors in parentheses. Country and year fixed
effects and the intercept are omitted for brevity.

*p< 0.1;**p< 0.05; ***p <0.01.

Table A1. Continued

Table A2. Detailed results for the birth weight regression specification with the severe shocks in the Latin
American Collaborative Study of Congenital Anomalies dataset

Model
Quantile

Ordinary least
squares effect

0.1 0.25 0.5 0.75 0.9

Nonisolated clefts �1290.6*** (54.9)�1017.3*** (30.0) �604.1*** (32.5) �409.2*** (25.3)�253.0*** (36.3) �693.1*** (15.3)
Maternal age, 13 to
49 years

51.9*** (7.2) 46.2*** (4.5) 36.1*** (4.1) 40.7*** (4.0) 43.4*** (5.0) 42.5*** (3.2)

Maternal age
squared

�0.9*** (0.1) �0.8*** (0.1) �0.6*** (0.1) �0.6*** (0.1) �0.6*** (0.1) �0.7*** (0.1)

Female infant �76.1*** (11.2) �94.0*** (6.3) �103.8*** (6.1) �125.5*** (6.2) �133.6*** (8.3) �107.2*** (5.5)
Acute illnesses �92.5*** (15.4) �45.3*** (8.8) �16.2*** (7.8) �15.4*** (8.5) 0.6 (10.6) �37.5*** (6.8)
Chronic illnesses �82.9*** (21.5) �49.7*** (13.4) �48.6*** (10.5) �30.7*** (11.8) �8.6 (16.2) �50.5*** (9.3)
Number of live
births the mother
has had

14.5*** (4.2) 10.4*** (2.5) 17.0*** (2.2) 20.9*** (2.4) 22.7*** (3.2) 17.5*** (1.9)

Conception
difficulty

�42.5* (21.9) �25.3* (14.7) �3.7 (12.7) �1.3 (13.0) �10.5 (15.9) �9.6 (11.0)

Number of
spontaneous
stillbirths

�59.7*** (15.2) �16.7** (6.5) �7.3 (5.3) 6.8 (6.9) 10.0 (7.7) �18.8*** (4.8)

(Continues)
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Model
Quantile

Ordinary least
squares effect

0.1 0.25 0.5 0.75 0.9

Vaccine taken
during the first
trimester

18.6 (25.5) 14.4 (14.6) 18.0 (13.7) 14.9 (14.3) 13.2 (17.4) 24.2** (11.3)

Medication taken
during the first
trimester

7.4 (15.3) 6.6 (9.2) 3.5 (7.3) 4.7 (7.5) 2.8 (10.7) 1.1 (6.8)

Folic acid taken
during the first
trimester

�50.4 (34.6) �35.5* (21.5) �17.4 (24.2) �16.2 (24.2) �6.3 (34.0) �21.0 (18.2)

Primary school
complete

13.3 (15.3) 11.4 (9.5) 15.3* (8.5) �0.3 (8.9) 14.2 (12.2) 9.4 (8.0)

Secondary school
incomplete

17.4 (15.0) 18.9* (9.8) 20.0** (8.7) �3.7 (9.6) 3.3 (12.6) 8.9 (8.2)

Secondary school
complete

61.1*** (18.1) 35.4*** (12.3) 51.3*** (10.6) 17.2 (11.1) 15.0 (14.0) 37.6*** (9.5)

University
incomplete

70.7** (34.6) 25.1 (20.8) 27.3 (18.3) �22.8 (17.6) �20.8 (25.2) 11.5 (16.9)

University
complete

111.0** (49.4) 51.7** (22.6) 36.8* (20.6) �15.9 (22.6) �35.7 (28.6) 8.6 (19.1)

Cleft relative 47.6 (42.8) 72.4** (32.3) 38.3 (26.1) 48.6* (24.9) �21.9 (49.6) 60.0** (24.2)
European Latin
ancestry

�35.2** (14.6) �12.6* (7.6) 3.0 (6.8) 11.4 (7.1) 7.7 (8.6) �2.1 (6.1)

European non-
Latin ancestry

�6.6 (25.0) 25.1* (14.8) 26.3* (13.7) 18.1 (12.0) 9.3 (17.8) 24.4** (11.0)

Native ancestry �54.8*** (19.2) �39.0*** (11.9) �27.4*** (10.0) �15.5 (10.0) �14.5 (13.6) �27.4*** (8.9)
African ancestry �64.6*** (20.3) �35.1*** (12.3) �23.6** (10.0) �26.1*** (10.0) �13.9 (15.4) �30.9*** (9.2)
Other ancestry 8.6 (35.4) �26.7 (22.5) �35.3 (22.6) �21.9 (19.6) �55.2** (25.4) �20.9 (18.2)
Independent
workers

55.8** (23.1) 27.3** (12.0) 26.3** (12.4) 6.0 (11.3) �9.0 (14.7) 22.9** (10.4)

Blue collar workers 42.7** (17.4) 20.4** (10.1) 20.4** (9.0) 22.8** (8.8) 2.0 (11.9) 21.3*** (7.9)
White collar
workers

39.6** (16.1) 31.6*** (9.4) 24.3*** (8.0) 20.5** (8.8) �2.3 (12.1) 23.5*** (7.6)

Executive workers 28.6 (23.2) 32.7** (14.9) 29.0** (13.2) 39.4*** (14.0) 15.9 (17.4) 32.1*** (11.8)

N= 41,945. The table reports the regression coefficients from Equation (5) with standard errors in parentheses. Country and year fixed
effects and the intercept are omitted for brevity.
*p< 0.1; **p< 0.05; ***p< 0.01.

Table A2. Continued

Table A3. Detailed results for the birth weight regression specification with the less severe shocks in the
natality dataset

Model Quantile Ordinary least
squares

0.1 0.25 0.5 0.75 0.9

Isolated clefts �87.31*** (40.82) �114.56*** (18.36)�67.26*** (14.53)�48.56*** (16.87) �35.46* (19.82) �61.01*** (14.40)
Maternal age,
13 to 49 years

61.65*** (3.243) 38.26*** (2.16) 28.95*** (1.49) 29.50*** (1.65) 30.23*** (2.09) 37.40*** (1.49)

Maternal age
squared

�1.14*** (0.06) �0.67*** (0.04) �0.47*** (0.03) �0.45*** (0.03) �0.44*** (0.04) �0.64*** (0.03)

Female infant �56.50*** (4.36) �97.30*** (2.59)�118.48*** (2.14)�130.99*** (2.29) �141.60*** (2.99) �107.88*** (2.16)
Acute
illnesses

�674.29*** (14.51) �404.95*** (8.91)�230.02*** (5.29)�146.52*** (5.70) �89.81*** (6.47) �291.38*** (4.19)

Chronic
illnesses

�96.49*** (9.85) �31.30*** (5.03) �1.77 (3.62) 25.32*** (4.24) 47.22*** (5.20) �8.17** (3.69)

(Continues)
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Model Quantile Ordinary least
squares

0.1 0.25 0.5 0.75 0.9

Number of
live births the
mother has
had

9.36*** (2.21) 14.10*** (1.32) 17.68*** (1.13) 18.13*** (1.22) 19.96*** (1.62) 18.02*** (1.03)

Number of
spontaneous
stillbirths

�35.91*** (3.71) �17.38*** (1.98) �10.17*** (1.44) �4.93*** (1.69) �3.41* (2.07) �16.20*** (1.35)

High school 13.15* (6.72) 19.52*** (3.83) 23.25*** (3.21) 19.78*** (3.65) 18.95*** (4.80) 18.00*** (3.20)
University
incomplete

40.79*** (8.21) 46.95*** (4.49) 50.02*** (3.62) 41.55*** (4.12) 39.63*** (5.50) 43.66*** (3.65)

University
complete

59.80*** (8.66) 73.08*** (4.68) 72.98*** (3.71) 51.30*** (4.36) 39.84*** (5.62) 59.12*** (3.90)

Maternal race
White

92.33*** (9.93) 124.03*** (5.95) 131.86*** (4.95) 122.6*** (5.43) 127.54*** (8.14) 118.49*** (4.79)

Maternal race
Black

�167.86*** (12.43) �80.94*** (6.95) �49.35*** (5.55) �55.62*** (6.24) �43.43*** (9.23) �86.47*** (5.48)

Smoked
during
pregnancy
(yes)

�232.37*** (8.42) �211.80*** (4.84)�193.46*** (3.68)�189.23*** (4.18) �179.01*** (5.48) �200.15*** (3.70)

N= 308,369. The table reports the regression coefficients from Equation (5) with standard errors in parentheses. State fixed effects and the
intercept are omitted for brevity.
*p< 0.1; **p< 0.05; ***p< 0.01.

Table A3. Continued

Table A4. Detailed results for the birth weight regression specification with the severe shocks in the natality
dataset

Model
Quantile

Ordinary least
squares effect

0.1 0.25 0.5 0.75 0.9

Nonisolated
clefts

�932.86*** (86.94)�769.70*** (50.45)�578.76*** (36.20)�377.14*** (44.12)�212.09*** (50.76)�549.99*** (28.79)

Maternal age,
13 to 49 years

61.87*** (3.55) 38.71*** (2.07) 29.10*** (1.38) 29.74*** (1.43) 30.30*** (2.11) 37.68*** (1.50)

Maternal age
squared

�1.14*** (0.06) �0.68*** (0.04) �0.48*** (0.02) �0.46*** (0.02) �0.45*** (0.04) �0.64*** (0.03)

Female infant �55.77*** (4.63) �97.38*** (2.58) �118.45*** (2.20) �131.10*** (2.45) �141.99*** (3.07) �107.87*** (2.17)
Acute
illnesses

�673.61*** (13.56)�406.11*** (8.39) �230.25*** (5.45) �147.50*** (5.53) �90.58*** (6.37) �292.02*** (4.20)

Chronic
illnesses

�95.62*** (10.05) �30.90*** (4.99) �1.84 (3.79) 25.04*** (4.11) 47.04*** (5.63) �8.24** (3.70)

Number of
live births the
mother has
had

9.03*** (2.22) 14.06*** (1.28) 17.54*** (1.04) 18.25*** (1.18) 20.28*** (1.68) 18.00*** (1.03)

Number of
spontaneous
stillbirths

�36.47*** (3.56) �17.92*** (2.04) �10.32*** (1.52) �4.96*** (1.62) �3.36 (2.12) �16.38*** (1.36)

High school 12.59** (6.33) 19.54*** (3.51) 23.26*** (2.91) 19.63*** (3.53) 19.03*** (4.71) 17.89*** (3.21)
University
incomplete

40.34*** (7.95) 47.00*** (4.29) 49.69*** (3.46) 41.03*** (4.10) 39.66*** (5.35) 43.19*** (3.66)

University
complete

57.95*** (8.63) 73.00*** (4.50) 72.59*** (3.67) 50.87*** (4.32) 40.13*** (5.59) 58.69*** (3.91)

(Continues)
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