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Abstract Research has shown linkages between en-
vironmental exposures and population health metrics
such as low birth weight and incidence of congenital
anomalies. While the exact causal relationship be-
tween specific environmental teratogens and
suspected corresponding congenital anomalies has
largely not been established, spatial analysis of anom-
aly incidence can identify potential locations of in-
creased risk. This study uses the Vital Statistics Birth
Master File to map and analyze the rates of congenital
anomalies of births from non-smoking mothers 15–
35 years old within Los Angeles County. Hot spot
analysis shows that the distribution of congenital
anomalies is not randomly distributed throughout the

county and identified the Antelope Valley and San
Gabriel Foothills as two areas with elevated incidence
rates. These results are not explained by potential
confounders such as maternal age, race, smoking sta-
tus, or socioeconomic status and seem to correlate
well with the concentration of atmospheric ozone.
This approach demonstrates the value of using spatial
techniques to inform future research efforts and the
need to establish and maintain a comprehensive re-
productive health surveillance system.
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Introduction

Congenital anomalies are a heterogeneous group of
birth outcomes that have a significant impact on chil-
dren, families, and the public health of communities. In
the USA, approximately 3% of all newborns are affected
by birth defects (CDC 2008). While some birth anom-
alies are directly related to an identifiable genetic muta-
tion or syndrome, data increasingly demonstrate poten-
tial environmental and epigenetic effects related to a
wide range of environmental exposures. A growing
number of studies have identified linkages between
various congenital anomalies and environmental expo-
sures, particularly between air pollutants and tempera-
ture in both animal and humanmodels (Agay-Shay et al.
2013; Becerra et al. 2013; Ghosh et al. 2012; Ponce et al.
2005; Ritz et al. 2007; Ritz 2009). The relationship
between the environment and reproductive health is an
area of interest for scientists, public health experts, and
policy makers alike. For example, the American College
of Obstetricians and Gynecologists (ACOG) and the
American Society for Reproductive Medicine (ASRM)
issued a Joint Committee Opinion in 2013 titled
BExposure to Toxic Environmental Agents.^ The report
acknowledged evidence that environmental toxins are
ubiquitous, and that these toxins can negatively affect
health from preconception through adult life (ACOG
Committee 2013; Bergman et al. 2012).

Research on congenital anomalies and their associa-
tions with environmental exposures presents many chal-
lenges. First, congenital anomalies are a diverse set of
conditions. Among the most common anomalies are
cleft lip and palate, neural tube defects, chromosomal
abnormalities, abdominal wall defects, hypospadias,
and cardiac defects. Second, congenital anomalies are
rare events and obtaining high enough statistical power
to evaluate patterns for a specific condition is difficult.
Thirdly, even when researchers establish an association
between an environmental exposure and birth outcome,
establishing causation and interaction with other con-
founding exposures is challenging. Furthermore, the
quality of birth defect tracking data is variable, relying
on medical documentation by health care professionals
and their delegates. These challenges, however, are not
insurmountable. Innovations in technology and spatial
epidemiological research methods provide new oppor-
tunities to assess whether environmental conditions in-
crease the rare chance that a neonate will be born with a
congenital anomaly.

With over 100,000 births per year across 88 cities in
both highly diverse neighborhoods and homogenous
ethnic enclaves, Los Angeles County provides a unique
opportunity to study complex political and economic
structures. Moreover, Los Angeles County has a varied
physical geography including a busy industrial port in
the south, urban centers, suburban valleys with adjacent
foothills, and low mountains just south of a high desert
plain in the northernmost part of the county.

The topographically, racially, and economically di-
verse regions in the county have varying levels of air
quality, water quality, and exposures to potential terato-
gens. Prior research in Los Angeles County has demon-
strated that air quality and proximity to high-traffic areas
increase the risk of prematurity and low birth weight
(Wu et al. 2009) as well as childhood asthma and
respiratory problems (McConnell et al. 2010; Pastor Jr.
et al. 2005). However, at this time, public health re-
sources to continue the work of understanding the effect
of the environment on children are very limited. Repro-
ductive health surveillance data are slim and not consis-
tently maintained in Los Angeles County.

To guide further investigation into relationships be-
tween environmental exposures and congenital anoma-
lies, this study uses the California Department of Public
Health Birth Statistical Master Files, which contain data
collected on each newborn at the time of newborn
hospital discharge, as a means to identify spatial patterns
of congenital anomalies. In the absence of a more robust
reproductive health surveillance system, this database
represents the single most comprehensive data available
for birth outcomes in Los Angeles County. Using these
data and spatial statistical methods, this study aims to
identify hot spots, areas with disproportionately high
concentrations of abnormal births as compared to neigh-
boring regions. If the spatial distribution of these anom-
alies is significant, especially after controlling for other
known risk factors such as maternal age and smoking, it
will guide further environmental exposure research.

Methods

For this study, a hot spot analysis was performed on
birth records from the Vital Statistics Birth Master File
for Los Angeles County from 2006 to 2010. The data-
base contains detailed demographic information related
to the child, mother, and father, as well as medical data
related to the birth of every newborn infant as recorded
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on the birth certificate. Birth outcome data are extracted
from the medical record, as documented by the health
care providers of both the mother and infant. UCLA
IRB and Cal Protects IRB approval was obtained with a
waiver for informed consent given the minimal risk
nature of the study. Data from the Vital Statistics Birth
Master File for this study included maternal, paternal,
and child names, dates of birth, maternal home address,
medical record number, and genetic and non-genetic
birth anomalies, as listed in Table 1.

To control for the well-established association be-
tween advanced maternal age and chromosomal
abnormalities (Hook 1981; Hook et al. 1983;
Schreinemachers et al. 1982), a subgroup analysis of
geocoded births from mothers aged 15–35 years was
conducted. Mothers who reported smoking were also
excluded since smoking is an established risk factor for
birth defects (Hackshaw et al. 2011). Only those births
that had a complete maternal residence address associ-
ated with the birth certificate data were evaluated. In the
end, approximately 5% of births were not geocoded for
this reason. This percentage was similar across the
county.

Birth records were geocoded by maternal home ad-
dress and aggregated to US Census Bureau public use
microareas (PUMAs). PUMAs are created by state cen-
sus agencies using census tracts as building blocks.
Within Los Angeles County, there are 69 PUMAs with

an average area of 58 mi2 and an average population of
142,299 residents according to the 2010 census. These
PUMAs have 100,000–500,000 residents and provide
the advantage of having relatively equal population
bases.

The rate of congenital anomalies was calculated for
each PUMA by comparing the number of anomalous
births to total births. These rates were then analyzed
using the hot spot analysis tool within ArcGIS 10.3
mapping software. The weight matrix for this analysis
was defined by the polygon contiguity edges and corner
rule. This parameter constrains the calculation of each
polygon’s Getis-Ord Gi* statistic to only its first-order
neighbors, with all the outlying polygons having no
influence. An additional cluster analysis was also con-
ducted to corroborate the hot spot analysis result. The
cluster analysis tool within ArcGIS 10.3 calculates
Anselin’s Local Moran’s I as a measure of spatial auto-
correlation for each feature and its associated
neighborhood.

Cumulative incidence rates of congenital anomalies
for all major racial/ethnic groups residing both inside
and outside of the hot spots, as well as odds ratios
between these groups, were calculated using MedCalc
statistical software. These analyses were performed to
understand if ethno-cultural differences in maternal be-
havior or higher concentrations of populations with
similar genetic backgrounds might be driving the
results.

Results

From 2006 through 2010, there were 436,218 live births
of non-smoking mothers aged 15–35 years, of which
462 newborns were confirmed to have a congenital
anomaly as listed on birth certificates. This number
represents approximately 1.06% of all births from
mothers meeting the inclusion criteria. Statistically sig-
nificant hot spots were identified in the northernmost
part of the county in the Antelope Valley (Fig. 1 and
Table 2). Hot spots with a lower degree of confidence
were present along the foothills in the more affluent
areas of Pasadena, the San Gabriel Valley, and the Santa
Clarita Valley. Geographically, these areas are a group of
foothills and low mountains, bordered on the north by
an elevated high desert plateau within the western tip of
the Mojave desert. In terms of land use, this geography
consists of dense suburbs in the foothills with rural and

Table 1 List of congenital anomalies as coded in vital statistics

Anencephaly

Meningomyelocele/spina bifida

Cyanotic congenital heart disease

Congenital diaphragmatic hernia

Omphalocele

Gastroschisis

Limb reduction defect

Cleft palate alone

Cleft lip alone

Cleft palate with cleft lip

Down’s syndrome

Suspected chromosomal disorder

Hypospadias

Aortic stenosis

Pulmonary stenosis

Atresia

Additional and unspecified congenital anomaly
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industrial land to the north. The analysis also identified
statistically significant cold spots in parts of the Central
and South Los Angeles regions, which are composed of
densely populated working class communities alongside
manufacturing and industrial centers.

The mapped results of the cluster analysis were
similar to the hot spot analysis. A high-high cluster
was identified in the same area as 99% confidence
interval hot spots with one additional PUMA
(Baldwin Park, Azusa, Duarte, and Irwindale cities)
included in the cluster. A low-low cluster was iden-
tified in the same areas as the cold spots at all confi-
dence intervals with three additional PUMAs (Hun-
tington Park City, Florence-Graham, and Walnut

Park; LA City (East Central/Silver Lake, Echo Park
and Westlake); LA City (East Central/Silver Lake,
Echo Park and Westlake)) included in the cluster.
One high-low outlier PUMA (LA City (Southwest/
Marina del Rey and Westchester) and Culver City
Cities)) and one low-high outlier PUMA (Arcadia,
San Gabriel, and Temple City Cities) were also iden-
tified (Appendix A).

Congenital anomaly incidence rates were consistent-
ly elevated for mothers of all major ethnic groups except
for those classified as two or more races, or part of small
ethnic populations (e.g., American Indian/Alaskan na-
tive, other, or not stated on the birth record) (Table 3).
Combined, these groups represented only 3% of all
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Fig. 1 Hot spot analysis: births with congenital anomalies, 2006–2010 (non-smoking mothers ages 15 through 34 years old)
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births in Los Angeles County and about 4% of the births
in the identified hot spots. Overall, newborns of mothers
residing in hot spots were almost three times as likely to
be born with a congenital anomaly when compared to
newborns whose mothers resided outside of the hot
spots.

To evaluate the impact of potential confounding fac-
tors, the congenital anomaly hot spot analysis was com-
pared with the distribution of land use and median
household income. No association was found between
these factors and the hot spots (Appendices B and C).
Additionally, to evaluate if hospital reporting was

Table 2 Rates of births with congenital anomalies (2006–2010) by PUMA in Los Angeles County by hot spot analysis classification

Births Rates

Los Angeles County 436,218 1.06

Hot Spots 55,558 2.54

Castaic 4,185 2.39

Lancaster City 8,242 4.00

Palmdale City 8,174 4.28

Pasadena City 5,700 2.81

Arcadia, San Gabriel, & Temple City Cities 5,792 1.04

Baldwin Park, Azusa, Duarte & Irwindale Cities 9,008 1.22

Glendora, Claremont, San Dimas, & La Verne Cities 4,263 2.35

San Gabriel Valley Region (North) 2,718 2.94

Santa Clarita City 7,476 1.61

Not Significant: Neither Hot nor Cold Spot 328,747 0.90

Cold Spots 51,913 0.50

LA City (Central/Hancock Park & Mid-Wilshire) 6,087 0.66

LA City (Central/Univ. of Southern California & Exposition Park) 5,263 0.19

LA City (South Central/Westmont) 11,074 0.36

Gardena, Lawndale Cities & West Athens 7,947 0.76

LA City (South Central/Watts) 11,595 0.60

LA City (Southeast/East Vernon) 9,947 0.40
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primarily responsible for elevated rates of congenital
anomalies in the hot spots of the northern region of the
county, we compared the rates of congenital anomalies
for all mothers living within the region by their birth
hospital. Results indicate that mothers who delivered at
Antelope Valley Hospital (the only hospital in the north-
ernmost region of the county) had higher rates of anom-
alies than those who delivered elsewhere. Mothers re-
siding in that area who delivered elsewhere, however,
still had higher rates of anomalies than the county aver-
age (Appendix D). Finally, because some of the hot
spots are located on the boundary of Los Angeles Coun-
ty, specifically those in the northern part of the county,
there is the question of possible edge effects from sur-
rounding counties. However, the PUMAs in this area
(Lancaster City, Palmdale City, and Castaic) have the
first, second, and sixth highest rates of congenital anom-
alies in the entire county, respectively. As such, it is
highly likely that these contiguous areas would remain
designated as hot spots even if the surrounding counties
were included in the analysis.

Discussion

The finding of hot spots in the Antelope Valley and
surrounding foothills in the northernmost parts of Los
Angeles County suggests that the incidence of congenital
anomalies is not spatially random. Increased risk observed
among all four of the largest ethnic groups residing in the
hot spots also suggests that the results are associated more

with the environmental conditions within the hot spots
than differing racial and socioeconomic factors.

This study does not have the power to suggest po-
tential causal relationships to specific environmental
exposures. What these data do suggest, however, is that
where a mother lives is associated with her risk of
having a child born with a congenital anomaly. More
research is needed to match specific exposures with
particular anomalies.

This analysis detects clusters of congenital abnormal-
ities in Los Angeles County corresponding to new areas
of heightened environmental concern. Prior research has
shown associations between environmental toxins, pri-
marily air pollution, and poor birth outcomes such as
low birth weight and preeclampsia in the Port of Los
Angeles area, which is located in the southwest corner
of the county (Wu et al. 2009; Moretti and Neidell
2011). Given those findings, the authors of this article
suspected that the proximal area around the Port of Los
Angeles would have increased levels of congenital
anomalies as well. The results from this study, however,
do not show a similar association. While bias and
underreporting may factor in, the results from this study
point to a different pattern for congenital anomalies.

An interesting finding, and plausible explanation for
the distribution of anomalies, may be correlation with
other air pollutants. In particular, elevated levels of ozone
seem to correlate with the pattern observed. During the
late spring, summer, and early fall months, elevated ozone
is common in the Los Angeles area. On high ozone days,
ozone is produced from industrial, commercial, residen-
tial, and transportation emission sources. These emission

Table 3 Relative risk by race/ethnic groups for births with congenital anomalies within Los Angeles County hot spots

Race/
ethnicity

Los Angeles County Hot spots

Births (%) Rates Births (%) Rates Odds
ratio

95% CI Significance
level

Increased
risk

All races 436,218 1.06 55,558 2.54 3.01 2.4726 to 3.6756 P < 0.0001 201%

Black 24,385 (5.59%) 0.74 3,241 (5.83%) 3.09 8.18 3.2248 to 20.7340 P < 0.0001 716%

Hispanic 316,592 (72.58%) 1.07 34,490 (62.08%) 2.78 3.25 2.5658 to 4.1190 P < 0.0001 225%

White 48,301 (11.07%) 1.35 10,458 (18.82%) 2.49 2.42 1.4701 to 3.9701 P = 0.0005 141%

Asian 33,701 (7.73%) 0.83 5,299 (9.54%) 1.32 1.79 0.7596 to 4.2073 P = 0.1834 79%

Other or
not stated

13,239 (3.03%) 0.98 2,070 (3.73%) 0.97 0.98 0.2173 to 4.4292 P = 0.9801 − 2%

The italics refer to % by race
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sources are distributed broadly over Los Angeles County,
but more concentrated in the coastal and downtown areas.
Because photochemical production of ozone requires sev-
eral hours, and because high ozone almost always occurs
on days with a persistent sea breeze (a weather pattern in
Los Angeles that is associated with low mixing heights,
intense sunlight, and reasonably elevated temperatures),
the highest ozone levels accumulate in the inland valleys,
foothills, and mountain areas downwind of the central
city. Figure 2 shows the average number of days exceed-
ing the current federal National Ambient Air Quality
standard for ozone (8 h at 75 ppb) during 2005–2009 at
monitors located in the study area (SCAQMD 2013). All
of the hot spot areas have high ozone levels, while all but

two of the cold spots and areas without significance had
markedly fewer days exceeding the ozone standard. Prior
studies have linked ozone and birth defects (Ritz et al.
2002), but more epidemiologic studies and research are
needed in this area to further determine what factors might
be driving these associations.

Temperature is a potential confounder worthy of
examination. Prior studies have also linked birth defects
with elevated core body temperature from fevers and
external causes such as hot tubs (Moretti et al. 2005),
although not with ambient temperature. Day-to-day var-
iations in ozone concentrations in Los Angeles County
are strongly correlated to daytime temperatures during
the spring, summer, and fall (Lin et al. 2001). However,
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Fig. 2 Hot spot analysis: births with congenital anomalies with average number of days exceeding 2008 federal ozone standard (0.075 ppm,
8-h average), 2005–2009
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the ozone concentration gradients in Los Angeles Coun-
ty are steeper than the temperature gradients, especially
in the cities on the coastal plain lying between the San
Gabriel Mountains and the coast in the southern half of
the county (Fig. 2). The overall ozone distribution pat-
tern is largely controlled by the timescales of the pho-
tochemistry that forms ozone, combined with dominant
wind direction, transport time, and the spatial distribu-
tion of emissions of ozone precursors. Therefore, areas
farther from the foothills can be nearly as hot but have
much lower ozone.

Limitations

The incidence of congenital anomalies identified in the
current study is much lower than the expected 3% from
the literature. In this study, overall rates were closer to
1%. This discrepancy is most likely related to reporting
based only on hospital discharge data, which may not
capture anomalies that were diagnosed later in infancy
or childhood. Lower congenital anomaly rates in certain
areas may also be associated with hospital
underreporting. This study attempted to account for this
limitation by analyzing data from specific hospitals used
by mothers within hot spots. As there is no comprehen-
sive birth defect registry in Los Angeles County, vital
statistic records are the most practical way to identify
congenital anomalies. Given this potential for
underreporting, more information is needed for a com-
plete understanding of which risks exist and which
approaches work best to ameliorate them.

Although women provided their primary addresses,
the duration of residence at a particular address is not
ascertainable from the birth certificate data. Therefore, it
cannot be determined where a woman was living at the
time of conception and early pregnancy. The most likely
time for potential impact of environmental exposure on
congenital anomalies is in the early first trimester of
pregnancy as this is the critical window for organ
development. Yet, prior studies on maternal mobility
in New York and Texas suggest that misclassification
due to maternal mobility is low. This finding is likely
because most women who move do not move great
distances within a region during their pregnancy (Bell
and Belanger 2012; Chen et al. 2009; Lupo et al. 2010).
It is also important to mention that where a mother
resides does not capture where she works and visits
during her pregnancy, and subsequently all the possible
exposures with which she may come into contact.

However, in the absence of birth surveillance data that
tracks a mother’s movement, aggregating births to large
PUMAs accounts for this limitation in the data to some
extent.

Another limitation in interpretation of the results of
this study is the bias associated with the modifiable areal
unit problem (MAUP). The MAUP refers to the bias
that is introduced when point data are aggregated
together and is a concern with any choice of
geographic unit of analysis. While the PUMA
boundaries are not randomly created, they do have
desirable characteristics that mitigate some of the
drawbacks and led to their selection as a unit of
analysis. First, PUMAs have relatively equal
population bases. Census tracts are aggregated together
using a specific protocol so that the resulting area
contains between 100,000 and 500,000 residents. In
this way, each of the units of analysis contains roughly
the same denominator to calculate birth anomaly
incidence. Second, PUMAs contain a larger population
than other common geographic units such as census
tracts or zip codes. A larger population within each
unit of analysis was preferred due to the low incident
rate of congenital anomalies among neonates.

Additionally, this study limited the analyses to infants
of non-smoking mothers. These smoking data rely
solely on self-report and medical record and does not
capture the effects of secondhand smoke or mothers
who chose not to disclose their smoking behaviors.

Conclusions

From a public health and public policy perspective,
several factors deserve consideration. Policy changes
are needed to incorporate environmental risk in screen-
ing programs. Ongoing studies of the relationship be-
tween geography and risk of congenital abnormalities
could allow public health interventions, even if the exact
cause of the increased risk remains undiscovered. An
example of a simple policy change is to push for insur-
ance coverage of early prenatal screening for congenital
anomalies, by ultrasound or non-invasive prenatal
screening (prenatal cell-free DNA screening), in all
women living in high-risk areas, regardless of age or
health history.

Additionally, novel approaches must be adopted to
understand the causal relationships between congenital
anomalies and environmental toxins. Congenital
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anomalies themselves are comprised of heterogeneous
groups of rare and unrelated conditions. More research
is needed to classify types of anomalies and understand
the potential causes of their development. The potential
set of environmental toxins is very large. Potential areas
for future research include determining more specific
exposures of concern, routes of exposures, and popula-
tions that may be more susceptible to the effects of these
exposures. With this information, researchers and epi-
demiologists will be better able to inform environmen-
tal, public health, and reproductive health policies.

Finally, it is important for public health activists and
elected legislators to work together and commit to the
maintenance of a comprehensive reproductive health
surveillance system. Data infrastructure is essential for
future research regarding environmental effects on
reproductive health outcomes. One of the greatest
challenges of this study was finding the best way to
identify both exposures as well as anomalies. The
California Birth Defects Monitoring Program, which is
no longer available in Los Angeles County, serves as a
substantive example of an important data set vulnerable
to shifts in political priorities. Without such data,
researchers are required to expend much more energy
and resources to capture limited and incomplete
information (Croen et al. 1991; Ritz et al. 2007). This
study aims to reveal whether the use of spatial methods
limited to existing health records might be a viable
substitute to a more robust birth outcome surveillance
system; however, a more robust surveillance system
should be a public health priority. This study also high-
lights that regional environmental conditions, and not
merely local situations, can impact reproductive health.
By highlighting these regional environmental threats,
scientists, public health experts, and policy makers can
collaborate to mitigate hidden hazards to the health of
the community at large.
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