
California Very Preterm Birth Study: design and characteristics
of the population- and biospecimen bank-based nested case-
control study

Marin Kharrazia, Michelle Pearlb, Juan Yangb, Gerald N. DeLorenzec, Christopher J. Beand,
William M. Callaghane, Althea Grantd, Eve Lackritze, Roberto Romerof, Glen A. Sattene,
Hyagriv Simhang, Anthony R. Torresh, Jonna B. Westoverh, Robert Yolkeni, and Dhelia M.
Williamsone

aGenetic Disease Screening Program, California Department of Public Health, Richmond, CA
bSequoia Foundation, La Jolla, CA
cKaiser Permanente Division of Research, Oakland, CA
dDivision of Blood Disorders, Centers for Disease Control and Prevention, Atlanta, GA
eDivision of Reproductive Health, Centers for Disease Control and Prevention, Atlanta, GA
fPerinatology Research Branch, Eunice Kennedy Shriver National Institute of Child Health and
Human Development, National Institutes of Health, Detroit, MI
gUniversity of Pittsburgh School of Medicine, Pittsburgh, PA
hCenter for Persons with Disabilities, Utah State University, Logan, UT
iSchool of Medicine, Johns Hopkins University, Baltimore, MD, USA

Abstract
Very preterm birth (VPTB) is a leading cause of infant mortality, morbidity and racial disparity in
the U.S. The underlying causes of VPTB are multiple and poorly understood. The California Very
Preterm Birth Study was conducted to discover maternal and infant genetic and environmental
factors associated with VPTB. This paper describes the study design, population, data and
specimen collection, laboratory methods and characteristics of the study population. Using a large,
population-based cohort created through record linkage of livebirths delivered from 2000 to 2007
in five counties of southern California, and existing data and banked specimens from state-wide
prenatal and newborn screening, 1100 VPTB cases and 796 control mother-infant pairs were
selected for study (385/200 White, 385/253 Hispanic and 330/343 Black cases/controls,
respectively). Medical record abstraction of cases was conducted at over 50 hospitals to identify
spontaneous VPTB, improve accuracy of gestational age, obtain relevant clinical data and exclude
cases that did not meet eligibility criteria. VPTB was defined as birth at <32 weeks in Whites and
Hispanics and <34 weeks in Blacks. Approximately 55% of all VPTBs were spontaneous and 45%
had medical indications or other exclusions. Of the spontaneous VPTBs, approximately 41% were
reported to have chorioamnionitis. While the current focus of the California Very Preterm Birth
Study is to assess the role of candidate genetic markers on spontaneous VPTB, its design enables
the pursuit of other research opportunities to identify social, clinical and biological determinants
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of different types of VPTB with the ultimate aim of reducing infant mortality, morbidity and racial
disparities in these health outcomes in the US and elsewhere.
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INTRODUCTION
Very preterm birth (VPTB; <32 weeks gestation) is the most frequent cause of infant
mortality in the US, and is a primary contributor to long-term neurological and pulmonary
disorders in children.1–8 Infants born to Black women are disproportionately affected
compared with infants born to Hispanic and non-Hispanic White women, and infants born to
non-Hispanic Black women have two to three times the risk of VPTB and preterm-reltaed
mortality of these other groups.3

Spontaneous preterm birth accounts for over two-thirds of all preterm births,1–4 although the
proportion of VPTBs that is spontaneous is not well known. The underlying causes of and
racial disparities in spontaneous preterm birth are believed to be multiple and poorly
understood. Social, environmental and biological factors have all been associated with
spontaneous VPTB; infectious and inflammatory processes play a particularly important role
among infants born very preterm.3,9

One of the major obstacles to preventing preterm birth and reducing racial disparities in this
outcome has been our inability to identify pregnancies at greatest risk of spontaneous
preterm birth and to elucidate the interactions and mechanisms of social and biological
determinants. Identification of genetic factors and gene-environment interactions associated
with regulation of inflammatory, immunological, endocrine and vascular processes may help
improve our understanding of predisposition and pathways to preterm birth and racial
disparities in this outcome.

The low prevalence of VPTB (approximately 2% of livebirths3) presents a challenge for
aetiological and prevention research, necessitating large populations of well-characterised
deliveries to obtain sufficient numbers of cases. Most genetic association studies have
investigated preterm births as a homogenous group,10–69 while few70–76 have examined
early preterm births (<34 weeks gestation) or early spontaneous preterm deliveries, which
tend to have different aetiologies from late preterm or medically indicated preterm
deliveries. Five out of the seven studies in the last decades had small numbers of cases (n <
60),71–73,75,76 of which only three examined mother-infant pairs.72,73,76 Investigations of
racial and ethnic differences in genetic markers have rarely been conducted.73,75,76

The California Very Preterm Birth Study was initiated to evaluate maternal and infant
factors associated with VPTB in three race-ethnic groups using existing large population-
based prenatal and newborn specimen banks and data from screening programmes, livebirth
records and hospital charts. The study is focusing on the underlying causes of spontaneous
VPTB and racial disparities, including candidate maternal and infant polymorphisms,
maternal-infant gene interactions, and gene-gene and gene-environment interactions. This
paper describes the study design, population, data and specimen collection, laboratory
methods and characteristics of the study population.
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METHODS
Study design

The California Very Preterm Birth Study is comprised of three race-ethnic-specific nested
case-control samples from a population-based linked cohort of women who delivered
livebirths in five counties of southern California between January 2000 and April 2007. The
linked cohort includes non-Hispanic White, Hispanic and Black mother-infant pairs with
banked biological specimens from the California Department of Public Health’s prenatal
screening programme and its newborn screening programme.

The study protocol was approved by the California Health and Human Services Agency
Committee for the Protection of Human Subjects (no. 05-02-01) and the Utah State
University Institutional Review Board (no. 1549).

Study population
This study linked records and stored specimens collected between November 1999 and
December 2006 by the California Prenatal Screening (PNS) programme to certificates of all
livebirths occurring in California and to records from the California Newborn Screening
(NBS) programme from January 2000 to April 2007 to generate a linked cohort for sampling
of cases and controls. During the study period, the PNS programme offered voluntary triple-
marker screening for chromosomal and neural tube defects to pregnant women between 15
and 20 weeks gestation.77 Approximately 70% of women delivering livebirths in California
participated in the programme. Maternal specimens leftover after screening were banked
from a regional screening laboratory serving providers in San Diego, Orange and Imperial
counties beginning in November 1999. In September 2003, the programme expanded to a
second regional laboratory serving providers in Riverside, San Bernardino and other non-
study counties. The resulting prenatal specimen bank included over 500,000 leftover
specimens from all consented PNS participants in the study region. The PNS livebirth cohort
was then linked to data and dried blood specimens from the NBS programme, when
available. The NBS has been banking specimens leftover from testing for genetic disorders
statewide since 1982.

Record linkage was conducted based on personal identifiers from birth and screening data
using a probabilistic matching programme (IBM Web Sphere Quality Stage Version 7.5)
and confirmed with post-match queries and clerical review. Linked records were assigned a
unique study identifier and personal identifiers removed to maintain confidentiality.

Demographic and medical information available from birth and screening data were used to
identify the study population (described below). Race and ethnicity were defined according
to that recorded on the birth certificate; only deliveries of non-Hispanic White, Hispanic and
Black women were included in the study. Mother’s race-ethnicity information on California
birth records has been shown to be well complete and reliable, particularly for these three
groups.78 Mother-infant pairs were classified as White if both mother and father were non-
Hispanic White (hereafter referred to as White). Mother-infant pairs with a Mexican
Hispanic mother and father were classified as Mexican Hispanic (hereafter referred to as
Hispanic). Because paternal race-ethnicity was less complete for births to Black mothers,
mother-infant pairs were classified as Black if the mother was Black, regardless of ethnicity
of paternal race-ethnicity (hereafter referred to as Black). Births were initially restricted to a
two-county region of California (Orange and San Diego) to minimize travel to abstract
hospital records, then expanded to include three additional contiguous counties (Los
Angeles, Riverside and San Bernardino) to maximize the number of births with stored
specimens.
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Selection of cases and controls from the linked cohort
In preparation for sampling, the linked cohort was restricted to singleton livebirths. Infants
with structural malformations as identified by the California Birth Defects Monitoring
Program (CBDMP) registry were excluded. Three race-ethic group-specific case-control
samples were selected from the cohort, which was restricted to VPTB cases and term
controls (defined below). In order to maximize statistical power with limited resources, the
first eligible birth was selected for those women with more than one eligible birth, similar to
a cohort design with one-time participation.

Cases of very preterm birth were identified from the linked cohort using the PNS
programme gestational age estimates and the child’s date of birth. VPTB was initially
defined as birthweight <2500g and delivery prior to 32 weeks. PNS gestational age
estimates in the linked cohort originated from early ultrasound examination (58%), self-
reported last menstrual period (LMP) (36%) or physical examination ascertained prior to 20
weeks gestation (6%). Gestational age estimates were provided by clinicians to the PNS
programme and routinely verified with the clinician’s office for accuracy. LMP dates used
by the PNS programme were collected early in pregnancy and considered more reliable than
LMP dates from birth records, which were not used to assign gestational age.79 Further
abstraction of hospital charts was conducted in order to identify accurately cases of
spontaneous and other types of VPTB, confirm gestational age, collect relevant clinical data
and exclude cases that did not meet eligibility criteria.

Chronological case series of VPTBs were selected until the desired samples sizes were
achieved to generate a representative sample for each race-ethnic group. Based on pilot
abstraction of 50 VPTB cases, 385 VPTB cases were required to obtain an estimated 200
spontaneous VPTBs in each of the three race-ethnic groups. With a 1:1 case: control ratio
there would be sufficient (80%) statistical power to detect associations of moderate strength
(odds ratios 1.60–3.70) with spontaneous VPTB for allele frequencies ranging from 0.10 to
0.50. Because of the low proportion of Black births in the region, the case definition for
Blacks was expanded to include deliveries prior to 34 weeks gestation, case and control
sampling was extended to the second regional laboratory serving providers in Riverside and
San Bernardino counties, and the case: control ratio was increased to 1:2 in order to obtain
comparable statistical power for this group (Table 1).

Eligible controls were liveborn singleton term births (37–41 weeks gestation) with normal
birthweight (≥ 2500g) and available linked prenatal and newborn screening records.
Controls were excluded because of the following medical conditions reported on birth
records: preeclampsia, eclampsia, placenta praevia, placental abruption, cervical cerclage
and premature labour. Specified numbers of controls in each race-ethnic group were selected
using simple random sampling within the same birth time period as cases. Random selection
was performed using PROC SURVEYSELECT in SAS v.9.1 (SAS Inc.). Because an initial
batch of Hispanic control specimens was sent for laboratory analysis prior to study
expansion to additional southern California birth counties, a second sample of Hispanic
controls was selected to represent the expanded geographical region.

Hospital chart review
California Birth Defects Monitoring Program conducted hospital chart reviews on behalf of
the California Very Preterm Birth Study for the purpose of confirming gestational age and
identifying spontaneous VPTBs. Professional medical record abstractors reviewed hospital
charts of VPTBs using a structured paper abstraction form. Completed forms were reviewed
and errors corrected and a subset of 60 cases was re-abstracted for validation. All data were
double-key entered.
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The abstraction form was developed in consultation with experienced obstetricians,
gynaecologists, paediatricians and the CBDMP, and revised based on pilot testing. The form
included information on medical conditions (e.g. preeclampsia, pre-pregnancy hypertension
and diabetes, gestational diabetes, intrauterine growth retardation, and infectious
complications such as urinary tract infections), pregnancy history, maternal height and
weight, delivery details, newborn assessments, and results from any placental pathology
reports.

Definition of spontaneous VPTB
For the final case definition, gestational age estimates of the VPTBs were based on PNS
ultrasound-determined gestational age where available. Otherwise, gestational age was
estimated from PNS LMP or, if unavailable, LMP from charts unless the LMP gestational
age conflicted with the gestational age estimated from the earliest ultrasound recorded in
charts, in which case the earliest chart ultrasound was used. Conflicting gestational age was
defined as a difference greater than 7 days if the ultrasound was conducted in the first
trimester, greater than 14 days for second trimester ultrasound and greater than 21 days for
third trimester ultrasound. Gestational age for cases was reassigned if needed, based on the
best available data. Cases not meeting the <32 weeks definition (or <34 weeks for Blacks)
were excluded. Spontaneous VPTB cases were defined as VPTBs that had none of the
following conditions reported on hospital charts: preeclampsia, ultrasound-diagnosed
intrauterine growth retardation (<10th percentile for given gestational age), cervical cerclage,
placenta praevia at delivery, Mullerian anomaly, pregnancies achieved by assisted
reproductive technologies, maternal haemoglobinopathy, placental abruption due to trauma,
or other medical indications.

Biological specimens
Specimens for this study were retrieved from the California Department of Public Health,
Genetic Disease Screening Program archives. As part of the PNS programme, venous blood
was collected form women at 15–20 weeks gestation in programme-supplied 4-mL serum
separator tubes by obstetrical care service providers and underwent expanded alpha
fetoprotein testing at seven regional Newborn and Prenatal Screening (NAPS) laboratories,
typically within 7 days of collection (median time = 3 days). Specimens were transported by
mail under ambient conditions to regional screening laboratories. After testing, leftover
specimens were refrigerated for 1–2 days and then processed using several different
protocols for long-term storage. Throughout the study period, cell pellets were stored in
original serum separator tubes at −20°C and serum aliquotted at time of further laboratory
analysis. Between June 2000 and December 2002, serum was aliquotted at the NAPS
laboratory within 1–2 days of testing into a single 40mL sterile polypropylene non-
pyrogenic, cryogenic vial and stored at −20°C. Starting in January 2003, serum was
aliquotted within 14 days of testing into two 1-mL sterile polypropylene non-pyrogenic,
cryogenic vials and stored at −70°C. Typically, there was 1–2 mL of leftover cell pellet and
1–2mL of serum available from each woman. The PNS programme obtained written
informed consistent from participants, indicating the possible research use of their
specimens and data, and an option to request that their specimens not be used for research
purposes.

As part of the routine NBS programme, five 14-mm diameter blood spot specimens were
collected from infants on S&S filter paper by heel-stick after 12h and usually no later than 6
days of age (median age at collection for 2000–2005: 29h). Infant blood spots were dried at
room temperature and transported and stored at ambient conditions for approximately 1–3
days. After routine testing, remaining specimens were placed in a −10°C to −20°C freezer at
the NAPS laboratories for 2 months, then shopped in cold-packed biomailers to the central
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Genetic Disease Laboratory Branch, where they were stored at 4°C before being catalogued,
and repacked for long-term storage at −20°C. Typically, there are two to three 14-mm
diameter blood spots leftover after testing, even for those infants requiring retesting. The
NBS programme and archive covers nearly all livebirths in California. Prior to testing, all
parents were provided with a privacy notification which describes the possible research use
of infant specimens. Parents may make a written request to the Chief of the Genetic Disease
Screening Program that their newborn’s specimen not be used for such purposes.

Laboratory testing
Specimens to be tested were coded with a study identification number; laboratories were
blinded to case-control status within race-ethnic group-specific batches. Samples were
processed at the Center for Persons with Disabilities, Utah State University. Genomic DNA
was extracted from maternal blood cell pellets and newborn dried blood spots using the
GIAGEN® QIAamp® 96 Blood Kit. The DNA samples were quantified using the
Invitrogen™ Quant-iT™ DNA Assay Kit. From one 3.2-mm diameter punch, we reliably
extracted on average 50ng of genomic DNA. Genomic DNA from the maternal and newborn
samples is currently being genotyped using the Sequenom® MassARRAY® iPLEX®
platform and Applied Biosystems® Taqman® Single Nucleotide Polymorphism (SNP)
assays. In addition, whole genome amplification using Phi29 polymerase80 is used to obtain
sufficient amounts of DNA for future genetic analysis from the newborn blood spots.

Selection of genes and SNPs
A literature search in PubMed database of publications before November 2009 was
conducted using keywords ‘maternal’, ‘preterm birth’ and ‘polymorphism’ in combination
with expert consultation. Over 125 key genes were identified in three overlapping pathways
of interest: inflammation/immune response, coagulation/haemostasis and endocrine
regulation. Approximately 1500 SNPs were selected for analysis in these genes by including
tagSNPs selected to cover estimated genetic variation in both European and African
popuations81,81 as well as functional SNPs with evidence of a biological role or association
with preterm birth.

RESULTS
Table 1 details the definitions used in the study for cases and controls for each race-ethnic
group. The expanded case definition, sampling frame and 1:2 case: control ratio among
Blacks resulted in 330 Black VPTB cases selected for chart abstraction and 343 controls
[two times the 171.6 spontaneous VPTB cases anticipated based upon pilot data].

The linkage rate of prenatal screening and birth certificate data was 93%, and was slightly
higher for Whites (95%) than for Blacks (92%) or Hispanic (91%). The linked file was used
to generate the source population for this study. Maternal and paternal race-ethnicity
information was missing for 1.5% and 6.1% of births, respectively. Missing paternal race-
ethnicity was highest for births to Black mothers (13.9%, vs. 3.7% and 5.2% for births to
White and Hispanic mothers, respectively).

A total of 346,456 births of all gestational ages met the race-ethnic group inclusion criteria
for the study: 32.0% were White (n = 110,861), 62.7% Hispanic (n = 217,264) and 5.3%
Black (n = 18,331) (Table 2). The prevalence of VPTB was higher among Blacks (2.5%)
than Whites (0.8%) and Hispanics (1.1%) when gestational age was limited to <32 weeks.
The prevalence for Blacks prior to 34 weeks gestation was 4.2%. After applying study
exclusion criteria (Table 2, Steps 1 through 10), 1727 VPTB mother-infant pairs were
identified (n = White, n = 1003 Hispanic and n = 330 Black). The chronological selection of
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White and Hispanic VPTBs stopped when the target of 385 maternal-infant pairs was
reached (Table 2, Step 11). A random sample of 200 White, 253 Hispanic and 343 Black
controls was selected from the same race-ethnic group-specific time period as cases. Among
infants of Black women, 12% of cases and 10% of controls had missing or unknown
paternal race-ethnicity, and 66% had paternal race reported as Black for both cases and
controls. A total of five White, two Hispanic and nine Black VPTB case mothers had
subsequent eligible VPTB deliveries within their respective cohorts, and none of the selected
control mothers had subsequent VPTB deliveries.

Ninety-eight percent of the linked prenatal screening livebirths were successfully linked to
newborn screening records (data not shown); those that did not link included neonatal deaths
that occurred prior to newborn screening. Maternal specimens of VPTB cases without
newborn dried blood spots were included for maternal genotype analyses to increase
statistical power and address biases that might arise from exclusion of early infant deaths (n
= 142; Table 3, Step 2). In doing this, two earlier case pregnancies were identified for
previously included mothers; therefore, the subsequent pregnancies were dropped (Table 3,
Step 3).

Fewer than 2% (n = 19) of VPTB cases were excluded because of chart indication of
multiple birth (n = 13) and/or stillbirth (n = 9) (Table 3, Step 4). An additional 3% (n = 30)
were excluded because the chart-corrected gestational age was above our defined cut-offs
for VPTB. The final assignment of gestational age was based on PNS ultrasound (n = 713),
PNS LMP (n = 299), chart ultrasound (n = 70) or chart LMP (n = 42) (data not shown).

Table 3 summarises the final classification of cases of spontaneous VPTB based on chart
review. Forty-five percent (n = 492) of VPTBs were excluded because of likely causative
medical conditions leaving slightly over half (55.0%, n = 601) of VPTBs that were
spontaneous (i.e. with unknown cause). All cases have maternal specimens and 87% (n =
522) also have a newborn specimen. The proportion of spontaneous VPTBs was highest in
Hispanics (58.8%), 54.8% in Blacks and lowest in Whites (51.6%). The main criteria for
exclusion of cases were due to pre-eclampsia (~51% of all excluded), followed by
intrauterine growth retardation (~22%), cervical cerclage (~15%) and pre-labour C-section
for other medical indications (~8%). The proportion of exclusions due to use of assisted
reproductive technologies was higher in Whites (7.2%) than Hispanics (2.0% or Blacks
(1.4%). Excluded cases among Black women had a lower percentage of Mullerian
anomalies but a higher proportion of sickle cell disease compared with other racial ethnic
groups.

Selected medical characteristics of cases of spontaneous VPTBs are summarized in Table 4.
In each race-ethnic group, approximately half of the spontaneous VPTBs had preterm labour
and approximately half had preterm premature rupture of membranes, to the extent that this
can be determined through hospital records. Pre-pregnancy obesity (defined as pre-
pregnancy body mass index ≥ 30kg/m2) was the most common pre-pregnancy medical
condition found among spontaneous VPTB cases; obesity was 1.5 times and three times
more prevalent among Black women with spontaneous VPTB compared with Hispanic and
White women, respectively. Chorioamnionitis, the most common medical complication of
spontaneous VPTBs, affected approximately 40% of cases of spontaneous VPTB.
Chlamydia and bacterial vaginosis were lower among White women compared with those
who were Hispanic or Black.

Table 5 summarises characteristics of the final sample of spontaneous VPTB cases and
controls by race-ethnic group. The proportion of White spontaneous VPTB cases occurring
before 26 weeks gestation (22.2%) was lower than in Black (30.5%) and Hispanic (29.0%)
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cases. The difference in proportions was larger when Blacks (similar to Hispanics and
Whites) were limited to cases prior to 32 weeks gestation (42.8%, data not shown).
Primiparity was more prevalent among White and Hispanic women with spontaneous
VPTBs compared with Black women; the disparity in prevalence across race-ethnicity was
similar among all VPTBs prior to selection of the first birth in the cohort. Male infants were
somewhat more likely to be spontaneous VPTBs among White women only. The excess of
White male births relative to controls was less pronounced among all White VPTBs (55.7%,
data not shown) and was unaffected by the selection of the first birth in the cohort.

DISCUSSION
In this paper, the California Very Preterm Birth Study’s nested case-control design, methods
and study population are described. Slightly more than half of VPTBs were spontaneous (i.e.
with unknown cause). Preeclampsia was the most common medical indication of VPTBs.
Chorioamnionitis complicated 40% of spontaneous VPTBs. The descriptive epidemiology
differed across the three race-ethnic groups studied.

The combination of prenatal and newborn screening programme data and stored specimens,
linked to birth records and followed up with hospital abstraction, provides a powerful
resource and method for studying VPTB. The California Very Preterm Birth Study
established a large population-based, multi-year cohort of pregnancies leading to a livebirth,
from which efficient, nested case-control studies can be performed. Data from charts at
nearly all hospital in the region were accessed to enrich the data coming from the screening
programmes and from birth records. Genetic and environmental factors can be and are
currently being measured objectively in biological specimens collected from women in mid-
pregnancy and from newborns soon after birth.

Important strengths of this design include minimising the selection bias that is often
associated with hospital-based subject ascertainment and the time and expense of
assembling a prospective cohort. The population-based sample is socio-economically
diverse and consists of three different race-ethnic groups that can be analysed independently,
and compared with one another, to strengthen our understanding of racial disparities and
preterm birth. Biological and genomic studies of preterm birth are often hampered by lack of
precision in classification of the phenotype of preterm birth and it multiple underlying social
and clinical determinants. The combination of high-quality gestational age information from
the prenatal screening programme, medical information from hospital charts, potential
linkage to area-level social and environmental factors, and specification of spontaneous vs.
indicated VPTB, enables a more precise and comprehensive assessment of VPTB. The
availability of both maternal and newborn specimens broadens that analyses that can be
performed to include maternal-newborn interactions as well as cross-generation gene-gene
and gene-environment interactions.

Despite these strengths, there were notable challenges and limitations. Requiring a stored
prenatal screening specimen limited the study to women seeking prenatal screening by 20
weeks gestation, which represents 93% of livebirths. While screening programme
participants broadly represent the California birth population in terms of race-ethnicity and
education, women under 20 or over 35 years of age, with late or no prenatal care, or public
insurance, are less likely to participate.79 The rate of delivery prior to 37 weeks is lower
among prenatal screening participants (8.4% vs. 10% among non-participants, based on
2002 birth certificate LMP dates).79 It is not clear how these selection factors may influence
case-control comparisons.

Kharrazi et al. Page 8

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2013 May 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Even though the cohort size was large, the short 3- to 7-year study time frame, lack of a
closed cohort, and restriction to prenatally screened births precluded study of VPTB across a
woman’s entire reproductive lifespan. Selection of the first eligible birth, performed to
maximize independent woman-child pairs and simulate a cohort design, resulted in a lower
parity distribution within the White case-control sample: Primiparity increased from 62.3%
to 66.5% among White VPTBs and from 45.5% to 53.0% among White controls. The parity
distribution among Hispanics and Blacks was not affected by selection of the first eligible
birth because of the low rate of repeat eligible births in their respective cohorts (3% and 7%
respectively, vs. 16% among Whites). The impact of this bias on genetic findings within the
White case-controls ample will be evaluated by limiting the analyses to the first 2 years of
data or to primiparous women83 and comparing the results with those obtained with the full
White case group.

The definition of VPTB was inconsistent for infants of Black women because of relatively
small numbers in the study population. That definition was expanded from births <32 to <34
weeks gestation, creating potential problems in cross-race-ethnic group comparisons. While
data abstraction all over 50 hospital facilities was a strength of our study, clinical data were
not collected prospectively in a standardized fashion. Chart review was done primarily to
determine whether a VPTB identified through initial screening was a spontaneous as
opposed to a non-spontaneous preterm birth. Because chart review was not done for
controls, adjustment variables were limited and exclusion of controls was based on birth
certificate data, which has low sensitivity for medical complications.84–86 Behavioural
factors, such as exercise, sleep and diet, are not available for existing data sources; however,
others such as smoking and caffeine consumption, can be measured using biomarkers. The
types of laboratory methods used and the choice of biomarkers studied must be evaluated
and tailored to the limited quantity and quality of specimens processed for routine clinical
purposes.

While the current focus of the California Very Preterm Birth Study is to assess the role of
candidate genetic markers on spontaneous VPTB, its design enables the pursuit of many
other research opportunities to identify the determinants of other types of VPTB. Addresses
from the prenatal and delivery period, obtained from prenatal and newborn screening,
hospital charts, and birth records, are currently being geocoded and linked to US Census and
other data to characterise social and environmental area-level factors. Of particular promise
is the availability of maternal serum specimens in both cases and controls to investigate
serological markers such as antibodies, environmental exposures and angiogenesis related
factors, and their association with different types of VPTBs. Banked biological material
from the California Very Preterm Birth Study can be used to replicate future findings from
other research groups and to support collaborative genome-wide association and other
studies demanding large numbers of VPTB cases. In these ways, the California Very
Preterm Birth Study provides a strong platform to investigate racial and ethnic disparities
and the leading causes of infant mortality in the US today.
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Table 1

Summary of study design, with definitions of very preterm birth (VPTB) cases and controls for three race-
ethnic groups: singleton livebirths delivered in five south California countiesa, California Very Preterm Birth
Study

White Hispanic Black

Maternal race-ethnicity Non-Hispanic White Mexican Hispanic White Black of any ethnicity

Paternal race-ethnicity Non-Hispanic White Mexican Hispanic White Any race-ethnicity

Maternal specimen testing laboratoriesb Regional laboratory 1 Regional laboratory 1 Regional laboratories 1 & 2

Maternal specimen collection period Nov. 1999–Oct. 2006 Nov. 1999–Sept. 2002 Nov. 1999–Dec. 2006

Gestational age (completed weeks) Cases: 20–31 Cases: 20–31 Cases: 20–33

Controls: 37–41 Controls: 37–41 Controls: 37–41

Birthweight (g) Cases: <2500 Cases: <2500 Cases: <2500

Controls:≥ 2500 Controls:≥ 2500 Controls:≥ 2500

Total number of VPTBs, all cases and types, with newborn
specimens

385 385 330

Expected number of spontaneous VPTB casesc 200 200 172

Case: control ratio 1:1 1:1 1:2

Number of controls 200 200 343

a
Los Angeles, Orange, Riverside, San Bernardino and San Diego.

b
Regional laboratory 1 was located in Long Beach and served providers in San Diego, Orange and Imperial Counties. Regional laboratory 2 was

located in Fresno and served providers in San Bernardino and Riverside counties, as well as counties outside southern California.

c
Based on pilot data, 52% of VPTBs were expected to be spontaneous VPTBs.
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Table 3

Application of study inclusion/exclusion criteria to define spontaneous very preterm births (VPTBs) and type
of specimens available by race-ethnic group, California Very Preterm Birth Study

White Hispanic Black

1. No. of potential cases identified through PNS and NBS linkage 385 385 330

2. Additional VPTBs without newborn specimens, for maternal-only analysis 44 55 43

3. Total number of first eligible VPTBs identified for chart review 428 440 372

4. Total number of confirmed VPTBs 401 369 323

  Total excludeda 27 71 49

  Medical chart not available 15 46 37

  Not a singleton birth 6 4 3

  Not a livebirth 3 4 2

  Not a VPTB 4 19 7

5. Total number of spontaneous VPTB cases 207 217 177

  a. With a maternal specimen only 21 30 28

  b. With maternal and infant specimens 186 187 149

 Total excludeda 194 152 146

  Pre-eclampsia 95 78 78

  Intrauterine growth retardation 46 32 32

  Cervical cerclage 26 20 29

  Pre-labour C-section due to medical conditions not listed 17 9 14

  Other infant birth defects reported in maternal chartsb 13 16 6

  Placenta praevia at delivery 17 8 8

  Mullerian anomalyc 13 15 2

  Pregnancy achieved by assisted reproductive technologies 14 3 2

  Sickle cell disease (maternal) 0 0 8

  Trauma (with or without placenta abruption 0 2 2

  Induction of labour due to medical conditions not listed 0 2 2

  Alpha/beta thalassaemia 1 1 0

  Diethylstilbestrol (DES) exposure 1 0 0

a
Numbers in subcategories do not add to the total excluded due to overlapping groups.

b
Includes cases born in hospitals or time peridos not covered by the California Birth Defects Monitoring Program (CBDMP) registry, non-

structural malformations, and two cases missed by the CBDMP registry.

c
Mullerian anomaly is defined as segmental Mullerian agenesis or hypoplasia, double uterus, unicornuate uterus, uterus didelphys, bicornuate

uterus, septate uterus, septate vagina, arcuate uterus and diethylstilbestrol-related anomaly.

PNS, Califonrnia Prenatal Screening programme; NBS, California Newborn Screening programme.
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Table 4

Selected characteristics of cases of spontaneous very preterm birth (number and percent) by race-ethnic group,
California Very Preterm Birth Study

Characteristics

White (n = 207) Hispanic (n = 217) Black (n = 177)

Pbn (%)a n (%)a n (%)a

Type

 Preterm labour 108 (52.2) 119 (54.8) 78 (44.1) NS

 Preterm premature rupture of membranes 98 (47.3) 98 (45.2) 99 (55.9)

 Unknown 1 (0.5) 0 (0.0) 0 (0.0)

Pre-pregnancy medical conditionsc

 Pre-pregnancy hypertension 3 (1.5) 1 (0.5) 3 (1.7) NS

 Pre-pregnancy diabetes 1 (0.5) 1 (0.5) 2 (1.1) NS

Pre-pregnancy body mass index ≥ 30d 16 (7.7) 32 (14.8) 41 (23.2) <0.01

Medical conditions during pregnancyc

 Gestational diabetes 11 (5.3) 14 (6.5) 7 (4.0) NS

 Anaemia 20 (9.7) 14 (6.5) 19 (10.7) NS

 Chorioamnionitis 80 (38.8) 99 (45.6) 67 (37.9) NS

 Urinary tract infection 29 (14.1) 39 (18.0) 33 (18.6) NS

 Group B Streptococcus 29 (14.1) 19 (8.8) 30 (17.0) <0.05

 Bacterial vaginosis 6 (2.9) 24 (11.1) 12 (6.8) <0.01

 Chlamydia 0 (0.0) 11 (5.1) 11 (6.2) <0.01

 Trichomoniasis 0 (0.0) 1 (0.5) 3 (1.7) NS

 Gonorrhoea 0 (0.0) 0 (0.0) 1 (0.6) NS

Source of gestational age

 Ultrasound 152 (73.4) 136 (62.7) 125 (70.6) NS

 LMP with ultrasound confirmation 41 (19.8) 70 (32.3) 41 (23.2)

 LMP without ultrasound confirmation 14 (6.8) 11 (5.1) 11 (6.2)

a
Column %.

b
P-value for comparisons between race-ethnic group. NS: P>0.05.

c
The medical conditions before or during pregnancy are not mutually inclusive/exclusive. A woman could have multiple conditions before or

during her pregnancy.

d
kg/m2.

LMP, last menstrual period.
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