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Abstract

OBJECTIVE—To examine the association of multiple measures of socioeconomic status (SES)
with risks of orofacial clefts and conotruncal heart defects.

DESIGN—Data were from a recent population-based case-control study conducted in California
that included 608 patients with orofacial clefts, 277 patients with conotruncal heart defects, and 617
nonmalformed controls.

RESULTS—The odds ratio for the worst versus best score on a household-level SES index was
strongest for cleft lip with or without palate, at 1.7 (95% confidence interval, 0.9-3.4); the odds ratios
for this comparison were closer to 1 and less precise for the other defect groups. An index based on
neighborhood-level SES was also not associated with increased risk of the studied defects.

CONCLUSIONS—This detailed analysis of SES and selected birth defects did not suggest worse
SES was associated with increased risk of the studied defects, with the possible exception of cleft
lip with or without cleft palate.
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INTRODUCTION

Numerous studies have shown that lower socioeconomic status (SES) is associated with
increased risk of a variety of adverse perinatal and infant outcomes, such as low birthweight,
preterm delivery, and mortality (Parker et al. 1994; Kramer et al. 2000). Studies have also
shown that worse SES is associated with neural tube defects (NTDs; Elwood et al. 1992;
Wasserman et al. 1998; Blatter et al. 2000; Vrijheid et al. 2000; Farley et al. 2002; Meyer and
Siega-Riz, 2002; Blanco et al. 2005;L.i et al. 2006; Yang et al. 2008). Few studies have
investigated an association between SES and other birth defects. Understanding the association
of SES with birth defects is important because it might provide etiologic clues, it might improve
our understanding of SES as a potential confounder of other exposures, and it might help in
effective planning of health services and design of prevention efforts.

Orofacial clefts represent one of the more common birth defects, with a combined prevalence
of about 1.5 per 1000 live births in the U.S. (National Birth Defects Prevention Network
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(NBDPN), 2005; Canfield et al. 2006). Conotruncal defects are less common, with a prevalence
closer to 0.8 per 1000 live births (NBDPN, 2005; Canfield et al. 2006). Studies of clefts and
SES tend to report no association with SES (Ericson et al. 1984; Clark et al. 2003). Studies of
conotruncal heart defects have been less consistent, with some showing worse SES to have a
positive, a negative, or no association (Adams et al. 1989; Correa-Villasenor et al. 1991;
Vrijheid et al. 2000; Carmichael et al. 2003; Yang et al. 2008). However, few studies have
provided detailed analyses regarding the association of SES with these defects. The current
study examined the association of individual-, household- and neighborhood-level measures
of SES with risks of orofacial clefts and conotruncal heart defects, using recent data from a
population-based case-control study conducted in California.

Study Design and Sample Selection

This case-control study included live born, stillborn (fetal deaths at >20 weeks’ gestation), and
prenatally diagnosed, electively terminated case fetuses that occurred to mothers residing in
Los Angeles, San Francisco, and Santa Clara counties in the state of California (Carmichael
etal., 2007a, 2007b). The study included data on deliveries that had estimated due dates (EDDs)
of July 1999 to June 2004. Ascertainment of clefts ended with EDD June 30, 2003;
ascertainment of conotruncal heart defects ended with EDD June 30, 2004, to accrue more
cases for these less prevalent outcomes. Case information was abstracted from multiple hospital
reports and medical records and then reviewed by a clinical geneticist. Information was
abstracted at all regional hospitals at which the subjects may have received care, and diagnoses
up to 1 year of age were abstracted using the BPA coding system. Based on information
gathered from chart reviews, if infants were diagnosed with single gene disorders or
chromosomal aneusomies, they were ineligible. Case groups included cleft palate (CP), cleft
lip with or without cleft palate (CLP), and the conotruncal heart defects d-transposition of the
great arteries (dTGA) and tetralogy of Fallot (TOF). For each conotruncal heart defect case,
anatomic and physiologic features were confirmed by reviewing echocardiography, cardiac
catheterization, surgery, or autopsy reports. Infants with dTGA associated with an endocardial
cushion defect or with double outlet right ventricle were excluded, because we consider that
transposition is not the primary or earliest defect in these combinations. Each case was
classified as isolated if there was no concurrent major malformation or as nonisolated if there
was at least one accompanying major malformation.

Nonmalformed, live born controls were selected randomly from birth hospitals to represent
the population from which the cases were derived. Specifically, controls were selected from
area hospitals in proportion to their contribution to the total population of live born infants.
That is, we determined the number of eligible control infants from each hospital in proportion
to that hospital’s contribution to the most recent birth cohort for which vital statistics data were
available, and then we randomly generated a set of birth dates from which we selected the
controls from hospital logs. Ascertainment of controls ended with EDD June 30, 2004.

Mothers were eligible for interview if they were the biologic mother and carried the pregnancy
of the selected study subject, they were not incarcerated, and their primary language was
English or Spanish. Maternal interviews were conducted using a standardized, computer-based
questionnaire, primarily by telephone, in English or Spanish, no earlier than 6 weeks after the
infant’s EDD. A variety of exposures were assessed, focusing on the periconceptional time
period, which was defined as 2 months before through 2 months after conception.

In total, 81% of eligible case mothers (1255) and 77% of control mothers (700) were
interviewed. Ten percent of eligible case mothers and 12% of control mothers were not
locatable, and the remaining nonparticipants declined the interview. The median time between
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EDD and interview completion was 12 months for cases and 8 months for controls. Overall,
available for analyses were 700 controls (626 with EDD through June 30, 2003) and 1015
cases: 199 CP, 502 CLP, 142 dTGA and 176 TOF (several cases had a cleft and a heart defect).

Variable Construction

Analyses

Individual- and household-level SES measures included maternal education (<high school,
high school, some college, or >4 years of college), maternal and paternal employment (yes or
no, for any paid, voluntary, or military part- or full-time job during the periconceptional period),
and annual household income (<$10,000; $10,000-$20,000; $20,000-$30,000; $30,000-
$40,000; $40,000-$50,000; and >$50,000). We created a household-level SES index to
examine a potential gradient in risk across these measures. The index equals the number of
measures scored as low. The measures were scored as follows: parental education (low if either
parent’s education was <high school), income (low if <$20,000), and employment (low if the
father was not employed; Yang et al. 2008).

Respondents reported addresses for all residences at which they lived for at least 1 month during
the periconceptional period. Addresses were geocoded to 2000 U.S. Census tracts and block
groups using EZ-Locate (geocode.com), an online geocoding service. In case of multiple
geocoded addresses for a single individual, one address was selected at random for analysis.
The census information was linked with and incorporated into the analytical data set.
Geocoding at the block group level was successful for 86.9% of the interviewed cases and
88.1% of the controls—that is, 617 controls (552 with EDD through June 30, 2003) and 882
cases: 174 CP, 434 CLP, 125 dTGA, and 152 TOF.

We examined six census measures to reflect neighborhood-level (i.e., block group) SES: (1)
education—proportion of the population aged >25 who did not graduate from high school or
its equivalent; (2) poverty—proportion of the noninstitutionalized population living below
poverty level, which was $17,029 for a family of four in 1999; (3) unemployment—proportion
of the population aged >16 that was not working; (4) operator/laborer occupation—proportion
of the employed population aged at least 16 years in occupations that included operators,
fabricators, and laborers; (5) crowding—yproportion of occupied housing units with more than
one person per room; and (6) rental occupancy—proportion of occupied housing units that
were rental units (Wasserman et al. 1998). Each census measure was divided into quartiles
based on the distribution among controls. Higher values reflect worse SES for each measure.
We also created a neighborhood-level SES index. Each measure was scored as 1 if in the worst
(highest) quartile or as 0 otherwise, and the values were summed such that a higher value on
the index reflected worse SES (Carmichael et al. 2003; Grewal et al. 2009).

We used logistic regression to generate maximum likelihood estimates of the odds ratios (ORs)
and their corresponding 95% confidence intervals (CIs) using SAS (version 9.1, SAS Institute,
Cary, NC). We examined the association of each anomaly group with each SES measure. We
also examined odds ratios after adjusting for the following potential confounders, which were
selected a priori: maternal race-ethnicity (non-Hispanic white, U.S.-born Hispanic, foreign-
born Hispanic, African-American, Asian, other), body mass index (weight [kg]/height [m]?2),
and intake of folic acid-containing supplements, smoking, and binge drinking (defined as five
or more drinks on a single occasion) during the two months before or first two months of
pregnancy. We also examined final analyses after exclusion of nonisolated cleft cases, cases
and controls with a family history of the studied defects in a parent or sibling, mothers who
had type | or Il diabetes, and mothers who took medications to prevent seizures (the latter three
variables were based on maternal self-report during the interview).

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2010 May 6.
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All data collection and analyses for this study were approved by the California Health and
Human Services Agency Committee for the Protection of Human Subjects.

A majority of mothers of cases and controls were Hispanic, approximately half were 25 to 34
years old, and approximately half had at least some college education (Table 1). Most of the

fathers and approximately 60% of the mothers were employed. Approximately 30 to 40% of
subjects had household income >$50,000 per year.

Mothers who did not have block group data and mothers who did have block group data differed
in the following ways (i.e., the descriptive characteristics differed by >5%; Appendix 1)
Mothers of patients with CLP with data were less likely to be foreign-born Hispanic and more
likely to be Asian, mothers of patients with dTGA were less likely to be U.S.-born Hispanic,
and mothers of patients with TOF were less likely to be white, relative to mothers without
block group data. Control mothers with data were more likely than control mothers without
data to be employed (61 vs. 54%, respectively), but CLP mothers with data were less likely
than CLP mothers without data to be employed (61 vs. 71%, respectively). Mothers of patients
with CP, CLP, and dTGA with data were more likely to have completed at least high school
than mothers without data. Mothers of controls and patients with CP and TOF with data were
more likely to take supplements, whereas mothers of patients with CLP and dTGA with data
were less likely to take supplements.

Odds ratios for CP and individual- and household-level SES measures tended to be close to 1
and not significant (Table 2). Maternal unemployment was associated with decreased risk (OR,
0.7; 95% CI, 0.5-1.0). Odds ratios for CLP indicated that paternal education less than high
school and some college, relative to high school education, were both associated with increased
risk; paternal unemployment was associated with increased risk; income greater than $50,000
per year was associated with decreased risk; and a worse score on household-level index was
associated with increased risk. Odds ratios for CP and neighborhood-level SES measures
tended to suggest that worse SES was associated with decreased risk (i.e., most ORs were less
than 1; Table 3). Odds ratios for CLP tended to be slightly greater than 1 (Table 3). In general,
associations tended to be relatively modest (i.e., ORs tended to be between 0.7 and 1.4, and
confidence intervals tended to include 1).

Odds ratios for dTGA and the individual- and household-level SES measures suggested that
maternal education greater than high school, paternal education greater than or less than high
school, and higher income tended to be associated with increased risk (Table 4). For TOF,
increased income was associated with increased risk. However, the associations with income
did not suggest a clear gradient across income categories for either outcome. For both of these
outcomes, the worst (highest) value of the SES index was associated with the highest OR, but
associations were modest and estimates imprecise. Odds ratios for these heart defects and the
neighborhood-level SES measures tended to suggest that worse SES was associated with
decreased risk, but most Cls included 1 and did not suggest a gradient of association (Table
5). Results for the index did not suggest a gradient of risk.

Results adjusted for the potential confounders (maternal race/ethnicity, body mass index, intake
of folic acid-containing supplements, smoking, and binge drinking) were not substantially
different from unadjusted results (data not shown). The pattern of results was also essentially
unchanged after excluding cases and controls with a family history of the selected defects in
a parent or sibling, mothers who had type | or Il diabetes, mothers who took medications to
prevent seizures, and nonisolated cleft cases (i.e., those with major accompanying
malformations).
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DISCUSSION

We examined whether multiple measures of SES were associated with specific orofacial clefts
or conotruncal heart defects. Results did not suggest worse SES was associated with increased
risk of the studied defects, with the possible exception of CLP. In fact, several observations
for household- and neighborhood-level measures suggested better SES might be associated
with slightly increased risk for the other defects. In general, associations were modest and
chance could not be ruled out as an alternative explanation.

The current findings add to a relatively limited body of evidence. In general, previous studies
of SES and the studied birth defects have tended to rely on one or two measures of SES. A few
notable studies have provided a somewhat more in-depth examination of associations with
SES. In a previous population-based study of births in selected California counties from 1987
to 1989, we reported that low SES, based on both individual- and neighborhood-level measures,
was associated with increased risk of dTGA and reduced risk of TOF, and it was not associated
with CLP or CP, after adjusting for several potential confounders (Carmichael et al. 2003).
Individual-level measures were limited to maternal education and parental employment in that
study. A more recent study that used data from the population-based, multistate National Birth
Defects Prevention Study reported that subjects with the worst SES based on an index that
combined five measures of individual-level SES had the greatest risks of CLP, CP, and dTGA,
but TOF was not associated with the index (Yang et al. 2008). Results for one measure at a
time tended to be more modest. An advantage of that study was its classification of parental
occupations as operator/laborer or not, but a disadvantage was that it did not include
neighborhood-level measures. A study of a variety of birth defects in several European
countries, which used the Carstairs index to reflect SES, observed no association with CLP or
CP, but they were limited to a small number of cases (<50 in each group; Vrijheid et al.
2000). A few other studies have included multiple measures of individual- or household-level
SES, but their focus has tended to be on SES measures as confounders, and as such, detailed
analyses of SES have not been presented (Correa-Villasenor et al., 1991; Loffredo et al.,
2001).

An explanation for inconsistent findings across studies is not known. One potential explanation
is that some of the earlier studies were before folic acid supplementation, and the current study
was afterward, given that both of the defect groups studied here have been associated with folic
acid supplementation (Botto et al. 2004). Another potential explanation is that SES might
represent a differing set of risk factors in different regional populations. Certainly, the studies
done thus far, including those conducted within California, have encompassed different
geographic populations. Studies have also varied with respect to exclusion or inclusion of cases
with syndromes and nonisolated cases (i.e., cases with other accompanying major
malformations), especially for orofacial clefts. The current study excluded cases with known
single-gene disorders and aneusomies, and its results were similar regardless of whether it
included or excluded nonisolated cleft cases. In addition, previous studies have examined CLP
as a single outcome, although some evidence supports differing etiologies for CLP (Harville
et al. 2005). The overall conclusions regarding the association of SES with CLP were similar
in the current study, regardless of whether cleft lip cases with or without cleft palate were
analyzed separately or together (data are available from the authors upon request).

The strengths of our study include multiple, multi-level measures of SES; neighborhood-level
SES based on addresses from early pregnancy; population-based controls; and adjustment for
several potential confounders, including intake of folic acid-containing supplements.
Limitations include that the study is region-specific and that sample size was limited for certain
comparisons. Generalizability to the study population is likely to be good, given our thorough
ascertainment of cases and population-based control selection; indeed, the distributions of
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maternal race-ethnicity, age, education, and infant birthweight were similar among the
interviewed control mothers and the study population (data not shown). However,
generalizability beyond the study population, which was largely urban and Hispanic, is
uncertain. Although this study is more detailed than most previous studies of SES and birth
defects, the SES measures were still somewhat limited; for example, classification of
occupation into social class and measures of social capital were not available. Data obtained
from retrospective studies are always subject to recall bias; however, it is unlikely that reporting
error would have been systematic for objective measures such as address and education level.

Another potential limitation of the study is selection bias. It is unknown whether women who
did versus did not participate in the study were systematically different with respect to
socioeconomic factors. In addition, some women had to be excluded from various aspects of
the analysis because of missing data on the individual- and household-level SES measures;
whether this incurred some bias in our results is unknown. Another potential contributor to
selection bias is the lack of data on women who did not have census block group data. The
pattern of association of maternal characteristics among women with and without block group
data varied across the outcomes, so if there was selection bias, it is unlikely to have been
consistent across the outcomes. In addition, given that SES is a broad indicator that might
reflect a variety of exposure differences (e.g., low SES might be associated with increased
exposure to harmful environmental contaminants), information regarding its association with
outcomes tends to generate hypotheses rather than offer precise knowledge about biologic
underpinnings. Information on other potentially harmful environmental exposures that can vary
by SES, such as proximity to landfill sites, was not available. Information on other birth defects
was also not available, although it would be useful to examine additional defects and SES.

Socioeconomic status tends to be associated rather consistently with other perinatal and infant
outcomes, such as birthweight and mortality (Parker et al. 1994; Kramer et al. 2000). In
contrast, the evidence thus far suggests that orofacial clefts and conotruncal defects may be
weakly, if at all, associated with SES measures, and therefore other types of factors might be
more important contributors to these defects. It is certainly useful to extend the limited existing
literature on SES and birth defects with studies such as the current one that offer rigorous study
designs and more comprehensive measures of SES. These improved studies, however, do not
tend to suggest strong or consistent associations of SES with orofacial clefts or conotruncal
heart anomalies.
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APPENDIX

Appendix table 1

Comparison of Maternal Characteristics among Women with and without Available Census
Block Group Data

Block group data No block group data
Controls CP CLP dTGA TOF Controls CP CLP dTGA TOF
(n=617) (n=174) (n=434) (=125 (n=152) (n=83) (n=25) (nN=68) (n=17) (n=24)
Maternal race/ethnicity
U.S.-born Hispanic 23 20 16 19 14 18 17 14 33 10
Foreign-born Hispanic 38 34 43 37 38 42 38 59 33 33
Non-Hispanic white 21 26 21 27 28 18 21 17 27 38
Black 8 6 3 5 5 8 8 3 0 5
Asian 9 13 15 9 12 11 17 6 7 14
Other@ 1 1 3 3 3 3 0 0 0 0
Maternal employment 61 71 61 64 63 54 67 71 67 59
Maternal education
<High school 29 21 33 24 27 32 42 44 31 29
High school 25 23 23 18 23 21 8 23 13 5
Some college 22 29 25 23 24 25 13 16 19 43
>Bachelor’s degree 25 27 20 35 26 23 38 17 38 24
Intake of f_olic acid 62 59 58 61 63 52 48 40 71 42
containing

supplements

CP, cleft palate; CLP, cleft lip with or without cleft palate; dTGA, d-transposition of the great arteries; TOF, tetralogy of
Fallot.

aPrimarin multiple races/ethnicities.
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