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Objective. To describe variation in payer and outcomes in Veterans’ births.
Data/Setting. Secondary data analyses of deliveries in California, 2000–2012.
Study Design. We performed a retrospective, population-based study of all live births
to Veterans (confirmed via U.S. Department of Veterans Affairs (VA) enrollment
records), to identify payer and variations in outcomes among: (1) Veterans using VA
coverage and (2) Veteran vs. all other births. We calculated odds ratios (aOR) adjusted
for age, race, ethnicity, education, and obstetric demographics.
Methods. We anonymously linked VA administrative data for all female VA enrollees
with California birth records.
Principal Findings. From 2000 to 2012, we identified 17,495 births to Veterans. VA
covered 8.6 percent (1,508), Medicaid 17.3 percent, and Private insurance 47.6 percent.
Veterans who relied on VA health coverage had more preeclampsia (aOR 1.4, CI 1.0–
1.8) and more cesarean births (aOR 1.2, CI 1.0–1.3), and, despite similar prematurity,
trended toward more neonatal intensive care (NICU) admissions (aOR 1.2, CI 1.0–
1.4) compared to Veterans using other (non-Medicaid) coverage. Overall, Veterans’
birth outcomes (all-payer) mirrored California’s birth outcomes, with the exception of
excess NICUcare (aOR 1.15, CI 1.1–1.2).
Conclusions. VA covers a higher risk fraction of Veterans’ births, justifying maternal
care coordination and attention to the maternal–fetal impacts of Veterans’ comorbidi-
ties.
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Rapid growth in the number of women serving in the U.S. military in
the post 9/11 era (Street, Vogt, and Dutra 2009; McGraw, Koehlmoos,
and Ritchie 2016) has been accompanied by an increasing number of
reproductive-aged Veterans using health care benefits from the U.S.
Department of Veterans Affairs (VA) Health Care System after separation
from service. While women remain a distinct minority, <7 percent, of the
patient population cared for by the VA, the absolute number nearly dou-
bled from 2003 to 2012 and likely will continue to rise (Frayne et al.
2014). Accordingly, the past decade has witnessed significant growth in
VA’s attention (programmatic and research) to women Veterans’ health
care needs (Vogt, Barry, and King 2008; Yano et al. 2010, 2011; Bean-
Mayberry et al. 2011; Hayes 2011; Yano and Frayne 2011; Frayne et al.
2013; Maisel et al. 2015; Fox et al. 2016; Zephyrin 2016). At the same
time, changes in VA’s role as insurer (U.S. Congress 1996) led to the cov-
erage of maternity care, and subsequent expansion (U.S. Congress 2010)
to include newborns’ health care coverage in the first 7 days of life. The
number of Veterans relying on VA for maternity benefits has steadily
grown to a few thousand per year (Mattocks et al. 2014; Shaw et al.
2014). Any VA-enrolled Veteran who becomes pregnant is eligible to use
the VA maternity benefit, yet many may also have private insurance or
are eligible for public Medicaid coverage once pregnant. Little is known
about which Veterans opt to rely on VA coverage for their primary health
insurance once pregnant.
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Nearly all VA-covered maternity care is provided as non-VA services
covered by the VA—that is, care provided by non-VA community and/or
academic obstetrical providers, but reimbursed by the VA (Mattocks et al.
2017a). Therefore, for a growing number of women Veterans, the VA has
over a decade of experience acting as insurer for non-VA maternity care.
This provides a unique opportunity to explore differences in characteristics
of Veterans, and their outcomes, stratified by whether they opt to use VA
coverage for this specialty care. Such exploration is timely and might hold
lessons directly relevant to the broader VA population, in light of the 2014
Veterans Choice Act (Farmer, Hosek, and Adamson 2016; Mattocks et al.
2017b) that has rapidly expanded eligibility for non-VA care to be covered
by the VA and ongoing plans (VA 2017b) to make it easier for Veterans to get
care outside the VA.

Recognizing the challenges and unique needs of pregnant Veterans seek-
ing VA maternity benefits, the VA developed guidelines for maternity health
care coordination in 2012 (VA 2012). Care coordination is important because
Veteran women have unique health considerations (Committee on Health
Care for UnderservedWomen 2012). It is known that Veterans (Lehavot et al.
2012), and those engaged in the VA in particular (Agha et al. 2000), often
have higher physical and mental health comorbidities and that the most
recent wars’ era of female Veterans have high rates of psychiatric diagnoses
(Street, Vogt, and Dutra 2009). Two recent studies of all VA-covered births
describe high mental health burden and find PTSD uniquely linked to preg-
nancy complications (Shaw et al. 2014, 2017). More broadly, there is concern
that deployed servicewomen might face unrecognized reproductive health
risks from exposures and stressors (physical and psychological) (Copper et al.
1996; Institute of Medicine 2007; Ryan et al. 2008; Holzman et al. 2009;
Class et al. 2011; Okun, Schetter, and Glynn 2011; Conlin et al. 2012;
Kajeepeta et al. 2014; Vadillo-Ortega et al. 2014; Basu et al. 2017) encoun-
tered in the field of active combat.

Many pregnant Veterans, even those eligible and/or enrolled in the VA,
turn to other sources of insurance for maternity care coverage and thus do not
stand to benefit from the maternity care coordination efforts extended to VA-
covered pregnancies. However, methodological difficulties linking VA medi-
cal records to non-VA claims data have limited the ability to examine such
issues. Prior work looking at Veterans’ pregnancy complications or outcomes
has been limited to the fraction of Veterans who are using VA to cover their
care (Katon et al. 2014, 2017a; Shaw et al. 2014, 2017; Kroll-Desrosiers et al.
2016) or relied on survey data limited to small subsample of Veteran mothers
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and focused on self-reported outcomes (Katon et al. 2015). It remains
unknown what fraction of eligible Veterans’ pregnancies the VA is covering,
and how the health risks and pregnancy outcomes of mothers using VAmater-
nity resources compare to their Veteran and non-Veteran peers.

We aimed to better understand the needs of Veteran mothers by under-
standing their characteristics and risk profiles. Specifically, we examined
linked California and VA data to describe: (1) fraction of eligible Veteran
mothers for whom the VA provides maternity care coverage, (2) trends in
other maternity care payers coverage for Veterans’ obstetric care over the past
decade, (3) trends in preterm birth in Veterans, and (4) differences in obstetric
risk profile and outcomes among Veteran pregnancies (VA and non-VA cov-
ered) and the general population.

METHODS

Study Design

This was a retrospective, population-based observational study of all live
births to confirmed Veterans in California from 2000 to 2012 (Figure S1).
Veteran status was specified at the individual birth level and confirmed if
the Veteran’s VA recorded separation date from military service preceded
the date of the delivery in question (i.e., for mothers with repeat deliveries,
Veteran status was a time-varying indicator). For all births to confirmed
Veterans, we first compared characteristics (demographic, obstetric, and
insurance payer) to all other California births; for comparability, the
cohort was restricted to mothers aged 19 to 49. To broadly explore
changes in characteristics of our cohort over time, we examined unad-
justed trends in the fraction of Veterans’ births covered by each category
of payer (VA, Medicaid, Private insurance, Military insurance, Other gov-
ernment payer, or Self-pay/unknown). Similarly, to observe any gross
changes in outcomes we examined unadjusted trends over time in preterm
birth rates, comparing Veteran to all other California births. To understand
differences in women Veterans who did and did not rely on VA maternity
coverage, we first compared their characteristics. We then used multivari-
able regression to perform adjusted comparisons of Veterans’ obstetric out-
comes by payer status (VA, Medicaid, or Private/other). Lastly, to
understand Veteran mothers’ obstetric risk profile, we compared obstetric
outcomes for all Veteran births (regardless of payer) to outcomes for all
other California births.
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Data Sources/Study Setting

Secondary data analyses were used to identify all in-hospital deliveries in Cali-
fornia to VA-enrolled Veterans, using linked California birth data and VA
administrative data. For obstetric and demographic data, we used a previously
described (Herrchen, Gould, and Nesbitt 1997; Phibbs et al. 2007) combined
state database maintained by the California Office of Statewide Health Plan-
ning and Development that consists of all obstetric discharge claims linked to
birth certificate data (2000–2012, n = 6,605,973). For Veteran-specific data,
we used several data sources previously described and available through the
VA Corporate Data Warehouse (Fihn et al. 2014). Status as a VA-enrolled
Veteran (subsequently referred to as “Veteran” for simplicity) was identified
and confirmed based on VA enrollment files (VA Information Resource Cen-
ter 2011) (last queried February 5, 2017), as well as the Beneficiary Identifica-
tion Records Locator Subsystem (BIRLS)(Page 1991) death file, Veterans
Services Network Corporate Mini Master file (VETSNET)(VA Information
Resource Center 2011; Maynard et al. 2018), and files from the VACorporate
Data Warehouse Patient 2.0 domain (VA 2017a) (all last queried August 9,
2017). The remaining Veteran-specific covariates were also obtained from the
VA Corporate Data Warehouse and included files such as clinical encounter-
derived datasets for VA inpatient and outpatient care, and purchased care files
(i.e., non-VA care covered by the VA), most from 1998 onward.

Data Collection/Extraction Methods

Data Linkage. VA enrollment data for all reproductive-age female VA enrol-
lees were linked with California birth records (birth certificate and hospital
discharge summary abstracts derived from claims data), which provided key
descriptive characteristics and obstetric diagnoses. All analysis was done on a
dataset that had been anonymized after linkage. Linkage was done by an inde-
pendent third party, using access to minimal necessary confidential informa-
tion (i.e., no analytic variables were in the data files for the linkages), in a
partitioned VA environment accessible only to this third party, using previ-
ously developed, but modified probabilistic match techniques (Herrchen,
Gould, and Nesbitt 1997; Danielsen 2000) which first match Social Security
Number (SSN) and second match maternal date of birth and name. Our
match technique (Herrchen, Gould, and Nesbitt 1997; Danielsen 2000) retains
all matches above a critical match threshold that was based on extensive cleri-
cal review of linked records (i.e., we did not only retain perfect matches). Due
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to our inability to determine a base population (i.e., not knowing the true
denominator of the number of VA-enrolled women who have given birth in
California in a year), it was not possible to generate match percentages to
describe the overall success of the linkage. However, we were able to use the
subcohort of known VA-covered births that occurred in Veterans with evi-
dence of residency or VA-assigned care in California, and use that denomina-
tor to determine linkage yield, as an estimate for overall linkage success: 95.3
percent. The third party’s linkage result consisted of a crosswalk of the anon-
ymized VA and birth record identifiers. The finder file was then destroyed,
after it had been used to create the crosswalk file, which replaced SSNs with
anonymized VA identifiers and paired each with the unique identifier for the
matched birth records from the California database.

We used both VA claims data (indicating the VA paid for the maternity
care) and insurance codes from California birth data (Braveman et al. 1998) to
identify the payer. We used VAdata to identify and confirm Veteran status and
determine the date of termination of military service. We obtained approval
from the VA (via the Stanford University Institutional Review Board) and the
State of California Health and Human Services Agency (via the Office of Sta-
tewide Health Planning and Development, Committee for the Protection of
Human Subjects, and the California Department of Public Health’s Vital
Statistics Advisory Committee) to perform the linkage and study.

Covariates. Maternal age, parity, race, ethnicity (Baumeister et al. 2000), and
highest education level (as an indicator of socioeconomic status) were derived
from birth certificate data and were considered relevant covariates as they are
known to strongly associate with pregnancy outcomes, especially preterm
birth. Likewise, gestations involving multiples (twins or higher order) were
identified using birth certificate and maternal and infant hospital discharge
summaries.

Obstetric Outcomes. For obstetric outcomes, we focused on the two most com-
mon and high cost outcomes—preterm and cesarean births—and the most
prevalent subacute antepartum complications—gestational diabetes and
preeclampsia. Additionally, as a proxy for infant complications we identified
newborns with admission to the neonatal intensive care unit (NICU).

We principally relied on birth certificate data to identify estimated gesta-
tional age. For our primary analysis, we used the gestational age estimate
derived from reported last menstrual period, as this value was available across
all study years. In instances where the gestational age was missing, we applied
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the Kotelchuck algorithm (Kotelchuck 1994; Remy andOliva 2006) to impute
gestational age from birthweight and gender values. In sensitivity analysis, we
explored alternative use of “best obstetric estimate” of gestational age, which
is a relatively new variable (Dietz et al. 2007) only available in our California
birth certificate data from 2007 onward. Throughout, we identified preterm
birth as delivery prior to 37 weeks’ gestation and further subcategorized pre-
term birth by gestational age into very preterm (<32 weeks) and moderate to
late preterm (32 to <37 weeks). To further examine variation in preterm birth,
we attempted to characterize any observed increased risk as attributable to
spontaneous or medically induced preterm births, using a previously devel-
oped algorithm (Shachar et al. 2016) that combines birth certificate and dis-
charge summary data to subtype preterm births as “spontaneous,” “medically
indicated,” or “unknown.”Cesarean deliveries were identified by the presence
of any indication of cesarean section within either the birth certificate or the
discharge summary data (i.e., DRG or ICD-9 procedure codes) (Lydon-
Rochelle et al. 2005; Yasmeen et al. 2006). For gestational diabetes (GDM)
and preeclampsia, we relied on discharge summary abstract data as the most
reliable source (Devlin, Desai, and Walaszek 2009; Haghighat et al. 2016). To
identify newborns with more than routine newborn care, we used an algo-
rithm (see Table S1) to estimate use of neonatal intensive care (NICU) ser-
vices; the algorithm uses an approach that combines infant length of stay with
birth certificate and/or discharge data indicating NICU level of care was likely
provided.

Analysis

The analytic cohort was restricted to births at maternal age 19 to 49 and gesta-
tional age >20 weeks (to remove likely fetal demise). Analyses were per-
formed using SAS 9.3 and STATA 14.0. We performed unadjusted statistical
comparison of maternal characteristics between Veteran and all other Califor-
nia births, and between VA-covered, Medicaid-covered, and Private/other
payer Veteran births. Comparisons of obstetric outcomes were modeled using
generalized estimating equation models, with clustering by maternal identifier
and robust standard errors to account for repeated measures (i.e., mothers
with repeat births), to estimate adjusted odds ratios (aOR) and 95 percent con-
fidence intervals (CIs). All models were adjusted for age, education, race, eth-
nicity, maternal parity, and higher order gestations. The regression models for
preterm birth were analyzed first for any preterm birth (<37 weeks) and then
separately for moderately preterm (32 to <37 weeks) and very preterm
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(<32 weeks). If the predictor of interest was associated with preterm birth, we
then explored whether the excess risk was suggested to be due to spontaneous
preterm birth, by running three additional models for each of the algorithmi-
cally assigned outcomes of “spontaneous,” “medically indicated,” or “un-
known.” Lastly, in sensitivity analysis, we reran all models of preterm birth
restricted to births in years 2007–2012, first with the gestational age derived
from the last menstrual period estimate, then with the gestational age derived
from the more recently introduced birth certificate field “best obstetric esti-
mate.”

RESULTS

From 2000 to 2012, there were 17,495 births to 13,032 confirmed Veterans
representing 0.3 percent of the 6.6 million births to women aged 19–49 in Cal-
ifornia. Roughly half were covered by Private insurance, which decreased
(from 58 percent to 40 percent) gradually (Figure 1). Medicaid, the next most
common payer for Veteran births, remained relatively stable (from 17 percent
to 15 percent) while coverage by the military health care system (TRICARE)
increased from 16 percent to 25 percent. From 2000 to 2012, the proportion of
VA-covered births grew linearly from <2 percent to 14 percent. Overall, VA
was the payer for 9 percent (n = 1,508). The trends in preterm birth preva-
lence among Veterans (starting at 94 and ending at 92 per 1,000 live births)
generally mirrored California’s overall (starting at 101 and ending at 93 per
1,000 live births), with a similar peak midway through the decade at 119 per
1,000 live births (vs. 111 per 1,000 for California overall) (Figure S2). Veterans,
compared to all other California mothers, were just slightly older on average,
more frequently black, and much less likely to be Hispanic or lack a high
school diploma, all at level of significance p < .001 (Table 1).

Comparing Veterans who relied on VA coverage, Medicaid coverage, or
Private/other coverage for maternity care, there was only minimal difference
in age, race, and ethnicity; those using VA coverage were most similar to those
using Private/other coverage. Veterans using Medicaid were slightly younger
and more likely to be black and Hispanic. For those using VA coverage, there
were more marked differences in past experience (Table 2). Specifically,
Veterans who relied on VA coverage for their pregnancy were most likely (49
percent) to be first time mothers, and nearly twice as likely (28 percent vs 17
percent, p < .001) to have deployed in support of combat Operation Enduring
Freedom/Operation Iraqi Freedom (OEF/OIF) than those Veterans who
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relied on Medicaid. Almost all Veterans using VA coverage had also recently
engaged in VA outpatient clinical care, in contrast to the VA-enrolled Veterans
who usedMedicaid or Private/other coverage for their maternity care (98 per-
cent vs. 35 percent and 28 percent, respectively, had VAencounters in the two
years prior to delivery, p < .001).

Comparison of obstetric outcomes for Veterans who used VA maternity
coverage to those using Medicaid or those using Private/other coverage
showed roughly similar prevalence of preterm birth by subtypes and overall
(Table 3). After full adjustment, only those using Medicaid coverage demon-
strated increased risk or preterm birth (aOR 1.29, CI 1.11–1.49), apparently
driven predominantly by increased moderate–mild preterm (32–37 weeks;
aOR 1.28, CI 1.10–1.50) and spontaneous preterm deliveries (aOR 1.39, CI
1.14–1.69), when compared to Private/other covered Veterans (Table 3). In
sensitivity analysis (Table S2), using the newer birth certificate-derived “best

Figure 1: Payer for Births among VA-enrolled Veterans in California, 2000–
2012*

Note: *Based on 17,495 births representing the successful linkage of California birth records to VA
enrollee records, the linkage yield is an estimated 95 percent, based on proxy of the successful
linkage rate observed among the subpopulation of VA-covered births (i.e., the subpopulation for
which the true total of California Veteran births was known). [Color figure can be viewed at wile
yonlinelibrary.com]
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obstetric estimate” for gestational age, the observed risk of preterm birth for
Medicaid-covered Veterans disappeared (aOR 0.94, CI 0.75–1.19). For VA-
covered births, when compared to Private/other covered births, there was no
significant difference in preterm birth risk, in the main adjusted models
(Table 3) or in the sensitivity analyses (Table S3).

VA-covered mothers were significantly more likely to suffer preeclamp-
sia (4.5 percent) than their Medicaid-covered (3.2 percent) or Private/other
covered (2.8 percent) peers, and this remained after adjustment (aOR 1.37, CI
1.03–1.81, reference = Private/other coverage) (Table 3). Rates of gestational
diabetes among VA covered (7.2 percent), Medicaid-covered (5.6 percent) and
Private/other covered (5.2 percent) did not significantly differ in adjusted

Table 1: Characteristics of California Births, among VA-enrolled Veterans
and the General Population (aged 19–49), 2000–2012

VA-enrolled Veterans’
Births All Other Births

17,495 (0.3%) 6,588,478 (99.7%)

n % n %

Uniquemothers* 13,032 n/a 4,825,676 n/a
Maternal Age in years,Mean (SD)† 28.9 (5.3) 28.3 (6)
19–24 3,028 23.2 1,505,631 31.2
25–29 4,602 35.3 1,316,749 27.3
30–34 3,295 25.3 1,189,311 24.6
35–39 1,631 12.5 640,889 13.3
40–49 476 3.7 173,096 3.6

Maternal race
Black 1,848 14.2 246,635 5.1
White 9,371 71.9 3,742,676 77.5
Asian/Pacific Islander 801 6.2 607,290 12.6
Other/Unknown 463 3.6 149,240 3.1
Multirace‡ 549 4.2 79,835 1.7

Maternal ethnicity: Hispanic 3,182 24.4 2,524,406 52.3
Maternal education§

<High school 256 2 1,322,699 27.4
High school graduate 3,298 25.3 1,247,418 25.9
Some college, but <4 years 5,864 45 988,414 20.5
College graduate 2,148 16.5 671,738 13.9
Some graduate education 1,099 8.4 453,463 9.4

Payer
VA 1,508 8.6 n/a n/a
Medicaid 3,026 17.3 2,868,960 43.5
Private Insurance 8,325 47.6 3,316,599 50.3

continued
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models. Both VA-covered (aOR 1.18, CI 1.05–1.32) and Medicaid-covered
(aOR 1.10, CI 1.01–1.20) Veterans were more likely to deliver by cesarean
delivery than those with Private/other coverage. Despite similar rates of pre-
term birth, 13.1 percent of newborns delivered under VA coverage received
NICU-level care vs. 9.3 percent under Private/other coverage, a difference
which trended toward significance (aOR 1.17, CI 0.97–1.40). No increased risk
of NICU care was observed for the infants of Medicaid-covered Veterans,
despite them having the highest prevalence of preterm birth.

Lastly, to understand how the obstetric risk profile of VA-enrolled
Veterans compared to the general population, we examined differences for
all-payer birth outcomes. On average, there were few differences in maternal
outcomes between VA-enrolled Veterans and other California women
(Table 4), with identical prevalence of preterm birth and similar rates of cesar-
ean. There was suggestion of lower rates of gestational diabetes among Veter-
ans (5.5 percent vs. 7.3 percent), which was initially observed to be significant

Table 1: Continued

VA-enrolled Veterans’
Births All Other Births

17,495 (0.3%) 6,588,478 (99.7%)

n % n %

TRICARE/Birth in DoD
Hospital

3,403 19.5 96,360 1.5

Self-Pay or Unknown 337 1.9 231,287 3.5
Other Government Payer 892 5.1 70,532 1.1
Unattended birth 4 <0.1 4,740 0.1

Obstetric profile
Twins/higher order 657 3.8 213,399 3.2
Parity¶: Multiparous 10,758 61.5 4,190,121 63.6

Notes: All comparisons were p ≤ .001 aside from payer: Unattended birth (p = .01); p-values were
derived using chi-square/Fisher’s exact test for categorical, and t-test for continuous variables.
*1,133 mothers had ≥1 VA-enrolled Veteran birth(s) and ≥1 all other birth(s), suggesting they had
deliveries both before and after obtaining Veteran status. Statistical testing shown for unadjusted
comparisons excludes those individuals; subsequent adjusted models take into account within-
subject correlation for repeated individuals.
†Age restricted to >18 for comparability; for mothers with >1 birth in data, statistics are based on
age at first birth.
‡This category was introduced newly to birth data in 2003, so applies only for births 2003–2012
§Missing for VA 367 (2.8%); all other 141,944 (2.9%)
¶Missing for VA 7 (0.04%); all other 5,749 (0.09%)
DoD, Department of Defense; TRICARE, US Military insurance for service members and benefi-
ciaries; VA, Department of Veterans Affairs Health Care System
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when risk was only age-adjusted (aOR 0.81, CI 0.75–0.87, not shown), but
appeared to be explained by variation in baseline risk by race and ethnicity, as
the effect disappeared after further adjustment, and was null in the fully
adjusted model (Table 4). Similarly, an increased risk of preeclampsia was
found for Veterans when risk was only age-adjusted (aOR 1.14, CI 1.04–1.24,
not shown) that attenuated markedly (Table 4) once full adjustment accounted
for the markedly higher black, non-Hispanic make-up of the Veteran cohort.
NICU-level care was a notable exception among the outcomes examined, as
it remained slightly elevated for Veteran births, even after full adjustment
(aOR 1.15, CI 1.09–1.22).

Table 2: Characteristics of Births among VA-enrolled Veterans in Califor-
nia, 2000–2012: VAversusMedicaid versus Private/other Covered

VA-covered Veteran
Births

Medicaid-covered
Veteran Births

Private/other
covered Veteran

Births
1,508 (8.6%) 3,026 (17.3%) 12,961 (74.1%)

n % n % n %

Uniquemothers* 1,297 n/a 2,462 n/a 10,083 n/a
Maternal age in years, mean (SD)† 28.8 (4.9) n/a 27.4 (5.2) n/a 29.4 (5.3) n/a
19–24 249 19.2 834 33.9 2,028 20.1
25–29 560 43.2 895 36.3 3,492 34.6
30–34 301 23.2 464 18.9 2,777 27.5
35–39 145 11.2 205 8.3 1,389 13.8
40–49 42 3.2 64 2.6 397 3.9

Maternal race
Black 165 12.7 457 18.6 1,330 13.2
White 876 67.5 1,694 68.8 7,378 73.2
Asian/Pacific Islander 98 7.6 113 4.6 637 6.3
Other/Unknown 74 5.7 89 3.6 335 3.3
Multirace‡ 84 6.5 109 4.4 403 4

Maternal Ethnicity: Hispanic 332 25.6 832 33.8 2,282 22.6
Maternal education§

<High school 8 0.6 183 7.4 83 0.8
High school graduate 244 18.8 865 35.1 2,363 23.4
Some college, but <4 years 688 53.1 1,144 46.5 4,480 44.4
College graduate 229 17.7 157 6.4 1,867 18.5
Some graduate education 68 5.2 40 1.6 1,027 10.2

Payer
VA 1,508 100.0 – – – –
Medicaid – – 3,026 100.0 – –
Private insurance – – – – 8,325 64.2

continued
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DISCUSSION

In this, the first study to link VA and state-level birth data to explicitly examine
obstetric care and outcomes, we find that for every VA-covered birth there are
more than 10 additional births to VA-enrolled Veterans using other sources of
coverage (e.g., Private insurance, Medicaid, or Military TRICARE). Thus, the
VA has no birth data for the vast majority of enrolled Veterans’ pregnancies.

Table 2: Continued

VA-covered Veteran
Births

Medicaid-covered
Veteran Births

Private/other
covered Veteran

Births
1,508 (8.6%) 3,026 (17.3%) 12,961 (74.1%)

n % n % n %

TRICARE/Birth in DoDHospital – – – – 3,403 26.3
Self-pay or Unknown – – – – 337 2.6
Other Government Payer – – – – 892 6.9
Unattended birth – – – – 4 <1

Obstetric profile
Twins/higher order 54 3.6 82 2.7 521 4
Parity¶: Multiparous 773 51.3 2,027 67.0 7,958 61.4

VA status prior to delivery
VA health care use**
Use within 2 years prior to delivery 1,470 97.5 1,055 34.9 3,605 27.8
Use within gestational period 1,396 92.6 722 23.9 2,063 15.9

Deployment History
OEF/OIF 428 28.4 521 17.2 2,094 16.2
Persian Gulf 66 4.4 96 3.2 448 3.5

Notes: All comparisons were p ≤ .001 aside from Obstetric Profile: Twins/higher order (p = .003)
and VA Status prior to Delivery: Deployment History—Persian Gulf (p = .11); p-values were
derived using chi-square for categorical, and analysis of variance for continuous variables.
*Eighty-two mothers had ≥1 VA-covered birth(s) and ≥1 Medicaid-covered birth(s); 208 mothers
had ≥1 VA-covered birth(s) and ≥1 other birth(s). The above statistical testing for unadjusted com-
parisons exclude those individuals; subsequent adjusted models take into account within-subject
correlation for repeated individuals.
†Age restricted to >18 for comparability; for mothers with >1 birth in data, statistics are based on
age at first birth.
‡This category was introduced newly to birth data in 2003, so applies only for births 2003–2012.
§Missing for VA-covered n = 60 (4.6%), Medicaid n = 73 (3%), and for other payer n = 263
(2.6%).
¶Missing forMedicaid n = 1 (0.03%) and for other payer n = 6 (0.05%).
**Indicated by at least 1 face-to-face mental health, substance use disorder, women’s health clinic,
and/or general primary care clinic visit.
DoD, Department of Defense; OEF/OIF, Operation Enduring Freedom and Operation Iraqi
Freedom; TRICARE, US Military insurance for service members and beneficiaries; VA, Depart-
ment of Veterans Affairs.
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For VA-enrolled Veterans, Private insurance remains the leading source of
coverage for maternity care, with the Military TRICARE insurance andMed-
icaid being the next most common sources of coverage. Still, over the past dec-
ade the fraction using VA has significantly increased, such that the proportion

Table 3: Unadjusted and Adjusted Birth Outcomes in California, 2000–
2012, among VA-enrolled Veterans: VA vs Medicaid vs Private/other Cov-
ered

VA-
Covered,

n = 1,508
(8.6%)

Medicaid-
Covered,
n = 3,026
(17.3%)

Private/other
Covered,

n = 12,961
(74.1%)

Adjusted Model
(Reference= Private/

Other Covered)

VA-Covered Medicaid-Covered

n % n % n % OR 95%CI OR 95%CI

Preterm birth† 148 9.8 355 11.7 1,306 10.1 1.00 0.82 1.22 1.29*** 1.11 1.49
32 to
<37 weeks

123 8.2 296 9.8 1,104 8.5 0.99 0.80 1.22 1.28** 1.10 1.50

<32 weeks 25 1.7 59 2 202 1.6 1.03 0.63 1.66 1.21 0.84 1.73
Preterm
subtype

Not Applicable‡

Spontaneous 83 5.5 179 5.9 650 5.0 1.39*** 1.14 1.69
Medically
indicated

49 3.3 123 4.1 438 3.4 1.31* 1.03 1.67

Unknown 16 1.1 53 1.7 218 1.7 0.90 0.65 1.25
Cesarean
delivery

533 35.3 972 32.1 4,148 32 1.18** 1.05 1.32 1.10* 1.01 1.20

Gestational
diabetes§

109 7.2 171 5.6 677 5.2 1.15 0.91 1.45 0.96 0.79 1.16

Preeclampsia§ 68 4.5 97 3.2 360 2.8 1.37* 1.03 1.81 1.01 0.78 1.31
Infant NICU
stay¶

197 13.1 303 10 1,199 9.3 1.17 0.97 1.40 0.96 0.82 1.12

Notes: *p ≤ .05; **p ≤ .01; ***p ≤ .001.
All models adjust for age, race, ethnicity, education level, parity, and twins/higher order gestation.
High rates of missingness for the last three rows, which are discharge data derived outcomes, are
predominantly (>90%) attributable to births at Military hospitals and/or underMilitary insurance,
as the database maintained by the California Office of Statewide Health Planning and Develop-
ment lacks discharge claims data for these federally covered births.
†Records of preterm birth and preterm subtype missing for 38 (2.5%) VA paid births, 113 (3.7%)
Medicaid paid births, and 419 (3.2%) other payer births.
‡Preterm subtype is not modeled because the predictor was not associated with an overall
increased risk of preterm birth.
§Missing for 11 (0.7%) VA paid births, 27 (0.9%) Medicaid paid births, and 2,991 (23.1%) other
payer births.
¶Missing for 65 (4.3%) VA paid births, 176 (5.8%) Medicaid paid births, and 3,236 (25%) other
payer births.
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of Veteran births covered by VA (14 percent) nearly equaled those covered by
Medicaid (15 percent) in 2012. Reassuringly, across that same period, out-
comes for Veterans’ births, including preterm birth, appear largely on par with
outcomes for the age-comparable population.

Strikingly, however, when comparing Veterans who rely on VA cover-
age to their peers who use other coverage for their pregnancies, we encounter
compelling evidence that as a maternity care payer, the VA is covering a dis-
proportionately higher obstetric risk group of Veteran mothers. This is true
not only in comparing VA-covered Veterans to those using Private insurance,
but also when comparing them to Veterans relying on Medicaid—a popula-
tion that is typically lower socioeconomic status and might be expected to be
more comparable in risk. We find that preeclampsia is uniquely elevated
among the VA-covered, but not the Medicaid-covered Veteran. Similarly, we
see a trend toward greater NICU use by infants of VA-covered births. It is
only thanks to the unique linkage of state-level vital statistics and birth data
that we gained insight, not only into the Veteran mothers for whom the VA is

Table 4: Unadjusted and Adjusted Birth Outcomes in California, 2000–
2012: VA-enrolled Veterans vs General Population

Veteran Births,
n = 17,495
(0.3%)

All other California
Births,

n = 6,588,478
(99.7%)

Adjusted Model
(Reference = All other CA

births)

n % n % OR 95%CI

Preterm birth† 1,809 10.3 680,891 10.3 0.99 0.94 1.05
32 to <37 weeks 1,523 8.7 574,100 8.7 1.00 0.94 1.06
<32 weeks 286 1.6 106,791 1.6 0.96 0.84 1.09

Cesarean delivery 5,653 32.3 2,069,741 31.4 1.02 0.99 1.06
Gestational Diabetes‡ 957 5.5 480,932 7.3 0.96 0.90 1.04
Preeclampsia‡ 525 3.0 205,514 3.1 1.04 0.94 1.15
Infant NICU stay§ 1,699 9.7 632,778 9.6 1.15*** 1.09 1.22

Notes: *p ≤ .05; **p ≤ .01; ***p ≤ .001.
All models adjusted for age, race, ethnicity, education level, parity, and twins/higher order gesta-
tion.
High rate of missingness for the last three discharge data derived outcomes is predominantly
(>90%) attributable to births at Military hospitals and/or under Military insurance, as the database
maintained by the California Office of Statewide Health Planning and Development lacks dis-
charge claims data for these federally covered births.
†Records of preterm birth and preterm subtype missing for 570 (3.3%) Veteran births and 261,997
(4%) of other births.
‡Missing for 3,029 (17.3%) Veteran births and 177,721 (2.7%) of other births
§Missing for 3,477 (19.9%) Veteran births and 467,255 (7.1%) other births.
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providing care, but also those Veterans for whom it does not. Our findings reit-
erate the importance of not simply relying on VA data (Halanych et al. 2006)
when exploring disparities in care or outcomes for VA-eligible Veterans.

In our study, Veterans using VA for maternity care coverage were much
more likely to be users of VA health care services prior to and during preg-
nancy. In a survey of VA Veteran mothers eligible for VA maternity benefits
from 2008 to 2009 (n = 324) (Katon et al. 2015), users of VA maternity bene-
fits appeared to be a “higher risk” population based on 2.5-fold rates of depres-
sion diagnosis, and 3 to 5 times higher reported rates of current symptoms of
PTSD or depression as compared to VA Veterans who used other insurance
for maternity coverage. Those findings of disproportionate mental health
comorbidity among VA-reliant mothers, combined with our documentation
of increased risk in actual obstetric outcomes, strengthen the plausibility that
such mental health diagnoses contribute to a poorer reproductive health pro-
file for VA-covered mothers.

The nearly 40 percent relative increase in risk of preeclampsia in VA-
coveredVeterans is clinically significant. Preeclampsia remains difficult to pre-
dict or prevent, but its impacts can be greatly modified by early detection and
management. Similarly of concern is the high absolute proportion of infants of
VA-covered mothers that experience NICU admission, despite no apparent
increased risk of prematurity (typically the biggest driver of NICU admis-
sion). When combined with the observations that users of VA maternity care
are more likely to have experienced combat deployment, and are more likely
to be users of VA primary andmental health care services, it raises the concern
that the heavy burden of mental and physical health conditions VA-engaged
Veterans carry may put them at increased risk of poorer birth outcomes.

Our preeclampsia finding is consistent with prior works documenting
that OEF/OIF-deployed Veterans have above average risk of complications
(Katon et al. 2017a) and hypertensive disorders of pregnancy (Katon et al.
2014) and that active PTSD in Veterans specifically predicts increased risk of
preeclampsia (Shaw et al. 2017). Our finding of increased preeclampsia in the
VA-covered populations suggests that PTSD, as a novel, but widespread, risk
factor might plausibly translate to a detectable increased prevalence of
preeclampsia across the VA-engaged population. As the VA disproportion-
ately serves and engages Veterans with high mental health needs, these find-
ings suggest a need for more nuanced research and clinical attention to
Veterans’ newborn outcomes, with focus on potential physiologic (e.g.,
preeclampsia) and pharmaceutical (e.g., psychotropic medication) maternal–
fetal exposures associated with psychiatric comorbidity.
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Our study’s confirmation that VA-covered pregnancies are higher risk
for both mother and newborn has clear policy implications. It highlights that
program cost planning should account for higher obstetric care costs for these
Veterans, and it reinforces the importance of tailoring care for Veterans and
care coordination between VA care providers and non-VA obstetric care pro-
viders. Our observation that 2 percent of Veteran births had no evidence of
any payer (i.e., “Self-pay or unknown”) might also suggest a subgroup of
Veterans important for the VA to reach in maternity care coordination efforts,
and highlights the importance of VA and non-VAdata linkages to identify gaps
in Veterans coverage and care.

In 2012, the VA Office of Women’s Health Services issued a Maternity
Health Care and Coordination policy that mandated creation of a maternity
care coordinator within each regional VA health care system to ensure appro-
priate care including screening and provision for mental health needs (VA
2012). Early efforts to evaluate implementation of this novel maternity care
coordination role within the VA are ongoing and, appropriately, include sig-
nificant focus on addressing mental and psychosocial needs in the antepartum
and postpartum period (Katon et al. 2017b; Mattocks et al. 2017a). Our find-
ings highlight the importance of such efforts and reinforce prior calls (Mat-
tocks 2015; Shivakumar, Anderson, and Sur�ıs 2015) to ensure that common
mental health conditions among Veterans, such as depression and PTSD,
receive appropriate ongoing treatment around pregnancy (including precon-
ception counseling and during the susceptible period postpartum) and aspira-
tions for an overarching system of maternity care coordination that spans VA
providers and community-based obstetrical providers.

More broadly, this work holds lessons directly relevant to the general
VA population, in light of ongoing policy shifts including the Veterans Choice
Act (Farmer, Hosek, and Adamson 2016; Mattocks et al. 2017b; VA 2017b)
that expand the opportunities and likelihood that Veterans (beyond those
requiring maternity care) will seek VA-reimbursed care in non-VA health care
settings. Early research of 3 years of experience of the Veterans Choice Act
has demonstrated some of the complexities, gaps, and inefficiencies in this
effort to expand Veterans’ care into the community (Mattocks and Yehia
2017). For more than a decade prior to the Veterans Choice Act, VA-covered
maternity care has analogously reimbursed non-VA providers for specialty
care and faced the challenges inherent in tracking and coordinating care pro-
vided for covered Veterans. In the face of these challenges, the VA Office of
Women’s Health Services developed clinically relevant “Health Care and
Coordination” policies (VA 2012) that mandate staffing with Maternity Care
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Coordinator roles, in acknowledgment that pregnant women using VA cover-
age may have unique and complex care needs. Our study demonstrates that,
indeed, risk profiles of Veterans vary importantly for those who engage and
opt to use VA coverage.

Our work faces several limitations. First, our ability to identify Veterans
remains limited to those women who at some time in the past two decades
have enrolled in the VA. We inevitably miss upwards of half of the recent era
of women Veterans who never enroll in VA (VA 2015). Nonetheless, the VA-
enrolled population is who the VA should reach out to first in its maternal care
coordination efforts, and thus, the data shared in our study are of direct value
to understanding who the VA serves. Second, California’s Veterans’ care pat-
terns and needs may not be generalizable to other states. Internal factors, such
as regional and local variation in the degree to which VA facilities have imple-
mented gender-specific Veteran care (Oishi et al. 2011; Reddy et al. 2016)
may impact women Veterans’ experience and thereby the rate of uptake of
VA gender-specific benefits such as maternity coverage. External social and
policy factors likely also affect the generalizability of our single-state study.
For example, there is good reason to suspect that in other states with higher
unemployment and/or less comprehensive state public insurance (Medicaid)
benefits, there may be more need and use of VA coverage for maternity care.
Third, while maternal discharge data are generally of high validity, for some
obstetric conditions there is known to be moderate misclassification (Romano
et al. 2005; Yasmeen et al. 2006); however, we have no reason to believe any
such misclassification would be more prevalent in the discharge data of
women relying on VA coverage. Lastly, we lacked hospital claims-derived
data for those Veterans who gave birth in Federal Department of Defense hos-
pitals in California, and thus for outcomes that require discharge data for accu-
racy (e.g., preeclampsia and gestational diabetes), we were unable to include
those births.

Despite these limitations, our novel methodology linking VA data with
state-level birth and obstetric discharge data in California, the most populous
U.S. state, allowed a breadth of assessment of Veteran mothers and outcomes
not previously feasible. Veterans are confirmed to be a higher risk obstetric
population, with the VA covering an even higher risk subpopulation, and the
fraction of Veterans using VA maternity coverage is now shown to rival the
fraction relying on Medicaid for such benefits. As the VA disproportionately
serves those with high mental and physical health needs, these findings rein-
force the importance of current efforts (VA 2012; Katon et al. 2017b; Mattocks
et al. 2017a) to coordinate on-site VA care with off-site maternity care, and
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suggest a need for more nuanced research and clinical attention to Veterans’
maternal and newborn outcomes.
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