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Objectives: To determine if the incidence of adverse birth outcomes among mothers affiliated
with the military increased concurrent with United States’ military actions in Afghanistan and

Iraq.

Methods: Data come from North Carolina Detailed Birth Records, a database of live births that
occurred between 1996 and 2006 (n = 1,215,300). Regression models estimated the odds of
preterm (less than 37 weeks) and low birth weight (less than 2,500 grams) births associated with
military mothers as compared to civilian mothers, for both non-Hispanic white and non-Hispanic

black women.

Results: Among non-Hispanic blacks, the predicted probability of military mothers having low
birth weight births in 1996 was 3.49%, 26% lower than the 4.69% probability for civilian
mothers. By 2006, the predicted probability had risen to 4.75% for military mothers, a 36%
increase. The civilian rate of low birth weight births, by 2006, actually decreased to 4.50%. Non-
Hispanic white military mothers exhibited a similar pattern. There was no significant increase in

the predicted probability of preterm births for military versus civilian mothers, regardless of race.

Conclusions: Stress associated with the United States’ invasion of Afghanistan and Iraq may

account for the increased rate of low birth weight seen among military mothers.



Background
Stress is associated with a myriad of health problems, including adverse pregnancy
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outcomes ~ ~. This relationship has been observed in various populations and persists even after

controlling for factors such as sociodemographic characteristics, presence of social support, and

obstetric risk '™ 7 13

. Both acute and chronic stressors have health effects; however, the most
influential stressors are those that are perceived as negative and major '*.

One example of a major stressor is military conflicts. Those who are deployed, as well as
their family members left behind, face uncertainty, loneliness, a loss of instrumental support, and
a change in family structure. The United States is currently involved in two military conflicts,
which are likely to have profound effects on both military members and their families. These
wars in Afghanistan and Iraq, the most intense military efforts since the Vietnam War, are
especially stressful because of the prolonged conflict, the real possibility of death and injury, and
the long duration of deployments. Indeed, an emerging literature has documented the negative
consequences on these wars on the health and well-being of veterans and their families >

Pregnant women and their fetuses represent a population that may be particularly
vulnerable to the stresses of war. Prolonged physiological responses to stress may lead to
dysregulation of the autonomic nervous system and the hypthalalamic-pituitary-adrenal (HPA)
axis, which in turn can lead to adverse birth outcomes.'**" Altered levels of pituitary hormones
including oxytocin and prostaglandins can cause premature contractions and preterm birth.'
Activation of the HPA axis can alter the immune system and increase a pregnant woman’s
susceptibility to infection and inflammation,* both of which are associated with preterm birth.”

Furthermore, vasoconstriction can reduce uterine and placental perfusion which restricts fetal

growth and infant birth weight.**



Previous studies on the effect of the Gulf War on pregnancy outcomes have had
inconsistent findings. Although some showed an effect of Gulf War deployment on birth defects

25 . . 26 .2 .
, miscarriages ~, and spontaneous abortion 7 other studies found no effect on adverse
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reproductive outcomes ~

. While these previous studies focused on women actively engaged
in military service, the spouses and partners of those left behind are also likely to suffer adverse
effects. Since women comprise only 15% of active duty military personnel *°, the majority of
women giving birth in military hospitals are military spouses or partners. These women
encounter significant stresses due to loss of partner support and financial burden, which have
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been associated with adverse birth outcomes ©

. The lack of a close confiding relationship
with a partner is associated with an increased risk for small for gestational age births> while not
living with a partner is associated with a higher risk for preterm birth® and lower birth weight '°.
Additionally, women left behind have the added stresses of sole responsibility for managing the
household and single parenthood as well as dealing with the continued worrying about the well-
being of their loved one.

It is important to note that the Gulf War lasted less than two months and had fewer than
200 U.S. combat casualties **. The Afghanistan and Iraq Wars began in 2001 and have yet to
end. As of October 1% 2008, based on Department of Defense reports, there have been 4,781 U.S.
service members who have died in the current conflicts *. It is clear that the Afghanistan and
Iraq Wars differ greatly from the Gulf War in their severity, duration, casualties, injuries, and
presumably the levels of stress they inflict on military families. Thus, we expect to see more
appreciable effects on military families and birth outcomes during the present conflicts than was

seen in the Gulf War, with an increasing rate of adverse birth outcomes as the number of

deployments and causalities rise during the war period. Therefore, we sought to determine if



mothers affiliated with the military had an increase in preterm birth and low birth weight during

the Afghanistan and Iraq Wars.

Data and Methods

This study examines the rate of low birth weight and preterm birth among military and
civilian mothers in the State of North Carolina between 1996 and 2006. Data come from the
North Carolina Detailed Birth Record Database (NCDBR) which compiles questionnaires
obtained at the time of birth certificate filing for all live births in the state. The NCDBR contains
maternal and paternal demographic information (such as age, race and ethnicity, educational
attainment, delivery hospital, and maternal residence at time of delivery), as well as information
on the mother’s health status and behaviors (maternal complications, parity, use of tobacco) and
newborn health (birth weight, gestational age).

North Carolina has a heavy military presence, with nine military bases including Fort
Bragg, Camp Lejeune, Pope Air Force Base, Seymour Johnson Air Force Base, Simmons Army
Airfield, USCG Air Station, Cherry Point Air Station, New River Air Station and Cherry Point
Naval Air Depot. Births were counted as occurring in the context of the military if the mother
gave birth at a military hospital or if she resided in one of the five zip codes associated with the
military bases in North Carolina. Nearly 98% of the military births occurred in the context of a
military hospital, while about 2% were not in a military hospital but the mother resided in a
military-related zip code. The NCDBR does not contain information on the mother’s military
status, so the sample cannot be divided into women in the military versus those who are partners

or spouses of military personnel. However, because only 15% of active military personnel are



women, we assume that the majority of military pregnancies observed in our sample are to
women whose husbands or partners are active military personnel.

Starting with 1,215,300 singleton births with no congenital anomalies that occurred
between 1996 and 2006, less than .38% of the sample (4,600 cases) was deleted because of
implausible values on the dependent variables. To best approximate the military population,
cases were excluded if the mother was younger than 18 (55,193 or 4.54% of the sample) or
foreign born (189,876, 15.62%). Relaxing either of these criteria and controlling for mothers
under the age of 18 or nativity did not substantially affect the results of our analysis. Hispanics,
Asians, or mothers of another race or ethnicity (189,912, 15.63%) were also excluded, as were a
small number of cases (17,442, 1.44%) that were missing covariate data. Individuals were
excluded if they fell into one or more of the previous categories. The final dataset used for this
analysis was 930,575 (76.57% of original sample) black or white singleton births.

Logistic regression was used to model the two primary outcomes of interest: low birth
weight (less than 2,500 grams) and preterm birth (less than 37 weeks gestation). The sample
population was divided by self-reported race into non-Hispanic whites and non-Hispanic blacks.
Maternal socio-demographic covariates included age [18-24 years (y), 25-29 y (referent
category), 30-34 y, 35-39 y, or 40+ y], marital status (not married referent category), and
educational level [did not complete high school, completed high school (referent category),
attended some college, completed college or graduate training]. Maternal health factors included
parity, initiation of prenatal care in the first trimester and frequency of prenatal care, tobacco use
during pregnancy, and maternal complications (additional models included an adequacy of
prenatal care index instead of a measure of when prenatal care began, but including this variable

had little effect on the results). Maternal complications included diabetes, anemia, chronic or



pregnancy-related hypertension, previous preterm or low birth weight birth, or other
complication (this latter category included cardiac disease, acute or chronic lung disease,
hemoglobinopathy, or renal disease; the incidence rate for each of these conditions separately
was less than 1%). Measured paternal characteristics were if the father was of a different race or
ethnicity than mother, age (measured continuously, in years), educational level (defined in same
way as mother), and if the father’s name was listed on birth certificate. A dummy variable was
also included if paternal education was missing. Sex of the infant was also included with male as
the referent category.

Logistic regression models included an interaction term between year of birth and being a
military mother to measure if the effect on military birth outcomes differed over time.
Preliminary analyses indicated better model-fit with the year term squared, indicating a
curvilinear relationship between being a military birth and the year of birth. Coefficients from
the logistic regression models were used to estimate the predicted probabilities of having a low
birth weight or preterm birth, for both race groups and military versus non-military mothers.
Predicted probabilities were preferable to odds ratios given that the model estimates a curvilinear
relationship rather than a constant rate of change. Therefore, the year chosen to compare to the
omitted year would vary, making it difficult to interpret the results. Predicted probabilities show
the predicted likelihood of the outcome and can be readily compared to any other year or any
other group. Standard errors in the regression models were adjusted for possible non-
independence of observations within zip code using Huber/White standard errors. All analyses

were conducted using the statistical package Stata. **

Results



The military and civilian samples differed demographically (see Table 1). At baseline, the

military sample was more likely to be white, married, younger, and having their first child.

<< Table 1 about here >>
They also had a higher rate of high school completion (but not college), and they were less likely
to use tobacco during the pregnancy. Father’s education was higher for those affiliated with the
military. Additionally, military mothers were less likely to have any maternal complications, but
more likely to be anemic. Differences in demographic characteristics between the military and
civilian samples remained relatively constant over the period of study.

Our regression results are presented in two figures, which illustrate the predicted
probability of having a low birth weight birth (Figure 1) or of experiencing a preterm birth
(Figure 2).

<< Figure 1 about here >>

<< Figure 2 about here >>
For each outcome, the sample is divided separately into Whites (Panel A) and Blacks (Panel B),
with separate curves comparing the probabilities for military versus civilian mothers for the
years 1996 to 2006, adjusted for covariates. The odds ratios for selected covariates (military
birth, year of birth, military birth interacted with year of birth, and year of birth squared) are
presented in Table 2.

As shown in Figure 1, for whites, when first observed in 1996, the probability of a
military mother having a low birth weight birth was 0.99%, and the probability for civilian
mothers was 1.36%. Both groups showed a decreasing likelihood of having a low birth weight
infant until 2001, when the probabilities for military mothers increased markedly, rising by about

26% from 2001 to 2006 (this curvilinear relationship is evident by the significant year of birth



coefficient in Table 2). The trend for civilian mothers continued to decrease, until slight
increases in the years 2004, 2005, and 2006. Because the odds of adverse birth outcomes was
increasing for military mothers while decreasing for civilian mothers, the probability of a civilian
and military mother having a low birth weight birth was nearly identical by 2006, at 1.18% for
military mothers and 1.21% for civilian mothers.

For blacks, in 1996, the rate of low birth weight birth was 3.49%, one-quarter lower than
the 4.69% probability for civilian mothers. By 2006, the predicted probability had risen to 4.75%
for military mothers, a 36% increase. The rate for civilian mothers, by 2006, had actually
decreased slightly, to 4.50%. It is true that the trend for black military mothers was upward
sloping throughout the ten year time period, with the non-constant relationship indicated by the
significant year of birth squared term presented in Table 2. Noticeably, though, the biggest rises
in the likelihood of having a low birth weight birth occurred from 2001 to 2006, when the
probability increased 23.1% (it increased 10.6% from 1996 to 2001). The increase in low birth
weight births for military mothers was so large that by 2006, the risk of having a low birth
weight birth was actually higher for military mothers than for civilian mothers.

As was found for low birth weight births, black mothers were more likely to have a
preterm birth than were white mothers. For both whites and blacks, the military trend in preterm
births closely mirrors the civilian trend, with slight increases until 2003 or 2004, followed by
slight declines.

In additional models, we limited the sample to mothers who had no maternal
complications. The results were substantially the same. From this, we conclude that the results

are not being driven by the changing incidence of maternal complications over time.



Discussion

This study has investigated if the rate of adverse birth outcomes for North Carolina
women affiliated with the military increased concurrently with the wars in Afghanistan and Iraq.
Before the wars, military mothers, both blacks and whites, were less likely than civilian mothers
to have an adverse birth outcome. Since the beginning of military conflict in 2001, however, the
relative gap between civilian and military mothers in the rate of low birth weight births
decreased substantially. By 2006, white military mothers were almost as likely to have a low
birth weight birth as were white civilian mothers; for blacks, the rate of low birth weight births
was actually higher for military mothers than for civilian mothers. Notably, though, a similar
effect was not found for preterm births. For both whites and blacks, there was no increase in the
rate of preterm births over the period observed.

Though not directly observed in our data, we hypothesize that the increase in low birth
weight births is because of the stress placed on military spouses. Major stresses, such as those
caused by a loved one’s deployment, have been well-documented as having an adverse effect on

2-5,7,13,35-39

birth outcomes . The absence of a spouse may be particularly critical, as having a

supportive partner has been correlated with improved birth outcomes * % 3!

. When coupled with
the logistical and financial strains of deployment, women whose partners are deployed in war
may be particularly vulnerable to the effects of stress *’.

It is unclear why we found an effect of the war on low birth weight and not preterm birth.
Our findings are consistent with Wadhwa et al. ' who found that low birth weight, but not
preterm birth or gestational age, was associated with stressful life events. It is possible that life

stress affects pregnant women and fetuses in different ways. For example, acute stress that

directly and acutely influences the mother may lead to contractions and preterm labor without
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affecting placental perfusion and thus the weight of the newborn. Contrarily, chronic stress that
influences and impairs placental function may directly interfere with the fetus' development and
growth leading to smaller newborns.

We cannot rule out that there is some unmeasured factor which explains the previous
findings, such as a change in the composition of the military. For example, if more unhealthy
individuals and their partners were more likely to enroll in the military during wartime, then that
would explain the increase in adverse birth outcomes. To address this concern, we restricted the
sample to mothers with no maternal complications and found similar results to those presented.
A second composition change refers to socioeconomic status. If during wartime those affiliated
with the military are more likely to have low socioeconomic status which is associated with
adverse birth outcomes, then we could expect more adverse birth outcomes during war years as
opposed to pre-war years. If this was true, we would expect to see a decline in the years of
education completed (a measure of socioeconomic status) for those having a military birth over
time. However, there was actually a slight increase in the years of education for women affiliated
with the military over the study period. Other demographic characteristics, such as race and
ethnicity, remained relatively constant over our study period.

While use of the NCDBR provides a large sample size over a 10-year time span for
analysis, we cannot directly examine or prove that increased stress due to the wars in Iraq and
Afghanistan accounted for the worsening birth outcomes found for military mothers.
Nevertheless, based on previous literature about the dangers of chronic and prolonged stress and
the lack of social and instrumental support, we hypothesize that military mothers face a unique
set of circumstances that may result in increased levels of psychosocial stress, decreased support,

and many related life changes.
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Though the armed forces offer a wide variety of programs to military families, our
results suggest that the military may consider implementing screening programs focused on
pregnant women. Identification of women who are at a particularly high risk for depression or
anxiety would allow for additional logistical support to this vulnerable group. No social program
or service will be able to completely compensate for a war-time deployment, but the potentially
negative effects may be mitigated if pregnant mothers are provided with additional supports

during this critical time for both themselves and their children.
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TABLES

Table 1: Means and Standard Deviations, North Carolina Detailed Birth Record

Database
By Race and Military Status, 1996

Blacks

Whites

Military  Civilian

Pregnancy Outcomes

Low birth weight .08 12
Preterm .08 13
Demographics
Education
Mother 13.1 12.6
(1.51) (1.8)
Father 114 7.6

431)  (6.36)

Age
Mother 254 25.3
(4.81) (5.59)
Father 24.3 19.3
(9.44) (14.25)
Father different race 21 42
Married .81 35
First Birth 42 37
Maternal health
Mother smoked .03 12
Prenatal care visits 13.71 11.75
(5.48) (4.52)
Any maternal complication 20 17
Diabetes .03 .03
Anemia .09 .03
Chronic hypertension .01 .02
Pregnancy hypertension .07 .06

Military  Civilian

.03
.05

13.2
(1.73)

12.8
(2.77)

24.9
(4.56)

25.5
(6.32)

13
.96
49

12
12.98
(4.72)

A2
.03
.05
.00
.04

.05
.07

13.4
(2.26)

12.4
(4.15)

27.5
(5.52)

283
(9.3)

A1
.85
45

18
13.36
(3.52)

13
.03
.01
.01
.06

18



Previous low birth weight .02 .02 01 .01
Other maternal complication 01 .03 01 .02
Sample size 706 20,902 2,451 56,664

Standard deviations are in parenthesis.
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FIGURES

Figure 1

Predicted Probability of Low Birth Weight Over Years
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Figure 2
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