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Abstract

The goal of this study was to understand the roles of maternal history of childhood sexual abuse
(CSA) and current family functioning on the cortisol awakening response (CAR) in pregnancy.
Participants were 185 pregnant women (ages 18—-40) who completed items from the Adverse
Childhood Experiences scale to measure child maltreatment history and the Family Assessment
Device to measure current family functioning. Participants provided saliva samples at wake-up
and 30 minutes after wake-up at 25, 29, and 35 weeks gestation to measure CAR. A moderation
effect was found such that participants with more severe CSA histories and poorer perceived
family functioning had increasing CAR in pregnancy compared to participants with less severe
CSA histories and better family functioning. These findings highlight the importance of
considering stress in both childhood and current environments in predicting maternal cortisol in
pregnancy.
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Introduction

Maternal cortisol production during pregnancy is essential to healthy fetal development.
Cortisol levels that are unusually elevated or attenuated may lead to poor neonatal outcomes
(Rich-Edwards & Grizzard, 2005; P. D. Wadhwa, Entringer, Buss, & Lu, 2011). Over
pregnancy baseline cortisol output increases reaching 2—3 times levels observed at the start
of pregnancy. Cortisol awakening response and cortisol stress response becomes blunted as
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pregnancy progresses and circadian rhythms are maintained (Sandman, Davis, Buss, &
Glynn, 2011). Diminished neuroendocrine reactivity in late pregnancy is believed to protect
the fetus from over-exposure to maternal glucocorticoids (de Kloet, Rosenfeld, van Eekelen,
Suntanto, & Levine, 1988). Higher absolute cortisol levels, more pronounced cortisol
increases over gestation, and a lack of dampening of cortisol awakening response over
pregnancy are associated with adverse neonatal outcomes (Buss et al., 2009; Entringer,
Buss, Andersen, Chicz-DeMet, & Wadhwa, 2011; Giurgescu, 2009; P. Wadhwa et al.,
2004). Close to term a sharp increase in maternal salivary cortisol and CRH and a decrease
in CRH-binding protein (which regulates availability of biologically active CRH) and 11f-
HSD?2 is observed (which changes cortisol into inactive cortisone) (McLean et al., 1995;
Sandman, et al., 2011). These changes in HPA activity play an essential role in favorable
pregnancy outcomes. Therefore, it is important to understand factors that influence maternal
cortisol regulation in pregnancy because these factors may be targets for interventions aimed
at reducing risk for adverse birth outcomes. In this study, we investigated the moderating
influence of current family functioning in pregnancy on the association between maternal
history of childhood sexual abuse and cortisol in pregnancy. We investigated both total
cortisol production and changes in maternal cortisol over late second and third trimesters
because both indices of maternal HPA regulation have been associated with poor neonatal
outcomes in past research (Buss, et al., 2009; Giurgescu, 2009).

Our group recently reported that pregnant women with childhood sexual abuse (CSA)
histories displayed increasing cortisol awakening responses over the course of gestation
compared to women with non-sexual child abuse or no abuse histories (Bublitz & Stroud,
2012). The current interpersonal environment has also been shown to influence HPA
functioning and may be particularly salient to maternal cortisol levels during pregnancy
given increased reliance on family relationships as women prepare for motherhood
(Goldenberg & Culhane, 2005). Some evidence shows that, in both non-pregnant (Adam &
Gunnar, 2001; Raikkonen et al., 2011) and pregnant samples (A. Nierop, Wirtz, Bratsikas,
Zimmerman, & Ehlert, 2008; P. D. Wadhwa, Dunkel Schetter, Chicz-DeMet, Porto, &
Sandman, 1996), positive interpersonal relationships are associated with typical diurnal
cortisol patterns (i.e., lower overall cortisol levels, diurnal rhythms displaying a steep
morning rise followed by a steady decline across the day).

Experiences of CSA are associated with greater interpersonal challenges in adulthood (Lalor
& McElvaney, 2010; Parks, Kim, Day, Garza, & Larkby, 2011) including deficits in
interpersonal functioning and insecure attachments in adult relationships (Main & Goldwyn,
1994). In childhood, experiences of CSA are associated with poorer emotion regulation, less
pro-social behavior, greater relational aggression, greater emotional withdrawal, and greater
peer rejection (Alink, Cicchetti, Kim, & Rogosch, 2012; Kim & Cicchetti, 2010). There is
also evidence demonstrating that positive interpersonal relationships foster resilience from
negative social and emotional outcomes among victims of child maltreatment; victims of
CSA who experience greater interpersonal support are less likely to develop post-traumatic
stress disorder (PTSD) symptoms (Hyman, Gold, & Cott, 2003) and are less likely to
experience high psychological distress as adults (Hill, Kaplan, French, & Johnson, 2010).
Victims may also be buffered from elevated cortisol if their interpersonal environment is
supportive; Alink et al (Alink, et al., 2012) found that greater pro-social behaviors and lower
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aggression in maltreated children (assessed using information from peers and summer camp
counselors) were associated with lower morning cortisol levels one year later. Thus, the
interaction between CSA and the current family environment may yield important insight
into maternal cortisol regulation in pregnancy. However, to our knowledge this has not been
studied.

In the current study, we investigated the moderating influence of current family functioning
on the association between maternal history of CSA and cortisol awakening response (CAR)
in pregnancy. We focused specifically on the CAR because previous evidence shows that
that a lack of dampening in CAR over pregnancy is associated with adverse neonatal
outcomes (Buss, et al., 2009; Entringer et al., 2010). We examine family functioning
(conceptualized as the ability of the family system to meet the needs of its members through
developmental transitions (Johnson & Maas, 1998)) due to its increased salience during an
important transitional period: pregnancy. We hypothesized that participants with a CSA
history and poorer perceived family functioning during pregnancy would display greater
CAR and increasing CAR trajectories, whereas participants with CSA histories who
perceived their family environments as more supportive would be buffered from elevated
CAR. Finally, we examined associations between CAR and neonatal outcomes including
gestational age at birth, birth weight, and APGAR score at 5 minutes after birth.

Methods

Participants

Maternal and infant characteristics are presented in Table 1. Participants were 185 women
with singleton pregnancies who were part of a larger study of the effects of maternal mood
on fetal and infant development (Behavior and Mood in Mothers, Behavior in Infants
(BAMBI)). Women in the current study were 26.46 years old (SD=5.49), from diverse
racial/ethnic backgrounds (43% Non-Hispanic White, 16% Black, 29% Hispanic, 4% Asian,
4% “>1 race’, 4% ‘other”), 36% were married, and 36% of pregnancies were planned.
Women were excluded from participating for medical conditions in pregnancy (e.g.,
gestational diabetes, preeclampsia, hyper/hypothyroidism, hypertension) or if they were
taking medications that could influence endocrine functioning (e.g., insulin, psychotropic
medications, steroids). Finally, women were excluded from participating if they were < 18
or > 40 years old or reported an average of >1 alcoholic drink per week of pregnancy.
Seventy-three percent of participants in this study were included in our previous study on
the main effect of maternal history of CSA on cortisol awakening responses during late
pregnancy (Bublitz & Stroud, 2012). This study was approved by the Women & Infants
Hospital and Lifespan Hospital Institutional Review Boards.

Procedure

Pregnant women completed 1-3 study sessions during second and third trimesters of
pregnancy (Session 1: 25 weeks GA (SD=4); Session 2: 29 weeks GA (SD=1); Session 3:
35 weeks GA (SD=1). 100% of participants completed at least 1 study session, 81%
completed at least 2 study sessions, and 72% completed all three study sessions. At baseline,
participants provided information on history of childhood maltreatment, current family
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functioning, health behaviors, depression and anxiety symptoms, as well as basic
demographic and pregnancy health information. For three days following each session,
participants provided saliva samples (passive drool) at wake-up, 30 minutes after wake-up,
and bedtime. After participants completed the 3 days of saliva collection, study staff
retrieved samples from participants’ homes and provided payment. Samples were stored at
room temperature until collection by study staff. Time between saliva collection and
retrieval was typically 1-3 days. Participants were instructed to store samples in
refrigerators if retrieval was delayed > 3 days.

Maternal medical history was assessed by self-report and confirmed by chart review
following delivery. Neonatal outcomes, including gestational age at birth, birth weight, and
APGAR scores, were collected from medical chart review following delivery.

Childhood Maltreatment—Participants completed a self-report measure of childhood
abuse history that included 15 items from the Adverse Childhood Experiences (ACE) scale
(Dube et al., 2003). In particular, participants were asked how often, before the age of 18,
they experienced childhood sexual abuse (e.g. “How often did an adult person at least 5
years older than you touch or fondle your body in a sexual way?”), physical abuse (e.g.,
“How often did a parent, stepparent or adult living in your home push, grab, slap, or throw
something at you?”), neglect (e.g., “How often did you not have enough to eat?”), or
witnessed domestic violence (e.g., “How often did your father, stepfather, or mother’s
boyfriend push, grab, slap, or throw something at your mother?”). Response options ranged
from 1 (never) to 5 (very often). Continuous scores of childhood sexual abuse, physical
abuse, neglect, and witnessing domestic violence were computed by summing participants’
responses on these items. We also calculated at total adverse events score by tallying the
number of abuse experiences women reported in childhood. To examine the effects of
maternal CSA history on cortisol relative to other types of childhood maltreatment
experiences, continuous scores on all maltreatment scales, and the total adverse events score,
were entered simultaneously into models. Scores ranged from 1-20 for CSA, 3-20 for
physical abuse, 1-20 for witnessing domestic violence, 1-12 for neglect in childhood, and
0-7 for number of adverse childhood experiences.

Family Functioning—To measure perceptions of family functioning in pregnancy,
participants completed the Family Assessment Device (FAD) at the baseline session (~25
weeks GA) (Epstein, Baldwin, & Bishop, 1983). The FAD is a self-report measure of the
family’s ability to solve problems, communicate effectively, fulfill appropriate roles, and
regulate emotions and behaviors during the past two months. The measure consists of 53
items; 20 items are reverse-scored. Examples of items include, “You can’t tell how a person
is feeling from what they are saying,” “If someone is in trouble, the others become too
involved,” “Making decisions is a problem in our family,” and, “We confront problems
involving feelings [reversed-scored].” Response options ranged from 1 (Strongly Agree) to
4 (Strongly Disagree), with higher scores indicating more problematic family functioning.
The FAD includes a General Functioning Scale as well as six subscales (problem solving,
communication, roles, affective responsiveness, affective involvement, and behavior
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control). The General Functioning Subscale is a sum of 12 items from subscales and
assesses the overall health/pathology of the family. Items include, “In times of crisis we can
turn to each other for support [reversed-scored],” and, “We don’t get along well together.”
Scores for general functioning ranged from 12-41, 6-21 for problem solving, 7-32 for
communication, 11-38 for roles, 6-21 for affective responsiveness, 6-23 for affective
involvement, and 7-27 for behavior control. Correlations among subscales ranged from r =.
43-.70. Both the general functioning scale and individual subscales were analyzed in this
study.

Salivary cortisol—Maternal saliva samples were returned to the lab by study staff,
aliquoted, and stored at —80°C until analysis. Samples were shipped to the laboratory of
Clemens Kirschbaum, Ph.D. (Dresden University). Cortisol concentrations were analyzed
with an immunoassay with time-resolved fluorescence detection. The intra and inter-assay
coefficients of variation were < 8%. A subset of the sample (17%) were given Medication
Event Monitoring System (MEMS) caps (AARDEX, Zurich, Switzerland) that time stamp
every opening of bottles containing tubes used to collect maternal saliva. Caps were
distributed to participants as they became available. For participants with both self-reported
and MEMS-recorded saliva sampling times there was an average time discrepancy of 5
minutes (SD=5) for cortisol samples at awakening and 5 minutes (SD=4) for cortisol
samples collected 30 minutes after awakening. These data suggest that, in a subset of
participants, participants were adherent to the sampling protocol.

Maternal Characteristics—As part of the larger study, participants provided information
on age, race, relationship status, and socioeconomic characteristics. They also reported pre-
pregnancy height and weight to compute body mass index (BMI). At each study session
participants provided information on medical conditions or medications that could affect
endocrine functioning, including gestational diabetes, preeclampsia, hyper/ hypothyroidism,
insulin, steroid, and antidepressant use. This information was confirmed by medical chart
review following delivery. Participants were interviewed about their current symptoms of
depression (assessed using the Inventory for Depressive Symptomatology (Rush et al.,
1986)) and anxiety (assessed using the Hamilton Anxiety Rating Scale (Hamilton, 1959)) at
each study session. Finally, at each study session, participants were asked to report cigarette
or alcohol use over the course of pregnancy using the Timeline Follow-Back Interview
(Sobell & Sobell, 1995). These maternal characteristics were considered as covariates in
analyses.

Data Analysis

Descriptive statistics were conducted using SPSS v.20 software. We examined associations
among maternal childhood abuse scores, general family functioning scores, and average
CAR in pregnancy using Pearson correlations. We also examined maternal childhood abuse
and family functioning as predictors of change in CAR from 25-35 weeks gestation, using
hierarchical linear modeling (HLM) (Raudenbush & Bryk, 2002). Bonferroni corrections
were applied to correct for multiple comparisons in bivariate associations. Salivary cortisol
values were log-transformed to adjust for skewed distributions (skewness ranged from 0.48—
12.88 prior to log-transforming and values ranged from 0.15-1.59 after log-transforming).

Biol Psychol. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bublitz et al.

Page 6

Morning saliva samples that were < 20 or > 40 minutes apart were omitted from analyses in
order to accurately capture the morning awakening response. We calculated the cortisol
awakening response (CAR) on each day of saliva collection by taking the difference
between log transformed values and averaging CAR at each gestational time period and
averaging across the three sampling days. This resulted in a total of 499 CAR measures out
of a possible 555 CAR measures (i.e., 3 CAR values per participant, 185 participants). Ten
CAR values were missing or excluded due to noncompliance at session 1 (5%), 32 values at
session 2 (17%), and 14 values at session 3 (8%).

Hierarchical models were specified as follows; at level-1 we modeled within-person change
in CAR from 25 to 35 weeks gestation. Gestational age at each session and average time of
awakening over the three days were considered time-varying covariates in level-1 models.
At level-2 we modeled the interaction of continuous child maltreatment scores and current
family functioning scores (calculated by multiplying child maltreatment scores by family
functioning scores). The following equations summarize the model:

Level-1: cortisol awakening response;j = bgj + byj(wake-up time) + by j(gestational age)
+ Fij-

Level-2:hgj = bgg + boy (childhood sexual abuse score x Family Functioning) + bgp
(childhood physical abuse score x Family Functioning) + bg3 (childhood neglect score
x Family Functioning) + bgs (childhood domestic violence score x Family Functioning)
+ (number of adverse childhood experiences x Family Functioning) + oj bpj = bpg +
b,1 (childhood sexual abuse score x Family Functioning) + by, (childhood physical
abuse score x Family Functioning) + b,3 (childhood neglect score x Family
Functioning) + b,4 (childhood domestic violence score x Family Functioning) + byg +
b,s (number of adverse childhood experiences x Family Functioning) + y;

Equations indicate that cortisol awakening response (cortisol awakening response;j) is a
function of participants’ intercept (b;), wake-up time (by;), the gestational age at which the
awakening response was collected (b j) and error (rjj). At level 2, byjrepresents the person’s
intercept (i.e. the expected value of cortisol awakening response over gestation) as a
function of intercepts across all participants (bog), the participants’ scores on child
maltreatment X family functioning interaction terms, and error (U ;). For illustrative
purposes, significant results were graphed at two arbitrary points at the 25and 75t
percentile of continuous CSAXFAD score (Figure 1). CAR was converted back to raw
nmol/L in the figure.

When models indicated that change in CAR varied by the interaction between maternal
childhood maltreatment history and family functioning, we performed post-hoc analyses to
examine whether associations were significant at 25, 29 or 35 weeks gestation separately
using Pearson correlations. Bonferroni corrections were applied to correct for multiple
comparisons when appropriate. Results from post-hoc analyses allowed us to determine
whether associations were particularly salient at a specific gestation age.
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Results

Preliminary Analyses

To test for significant covariates we examined whether maternal characteristics significantly
predicted change in CAR from 25-35 weeks gestation. Results revealed that no maternal
characteristics were significant predictors of CAR trajectories from 25— 35 weeks gestation:
maternal age (b=.005, SE=.01, p=.65), race (b=—.04, SE=.05, p=.47), income (b=.04, SE=.
03, p=.26), marital status (b=-.02, SE=.04, p=.62), pre-pregnancy BMI (b=.002, SE=.01,
p=.85), gravida (b=-.001, SE=.07, p=.93), cigarette smoking (b=.004, SE=.009, p=.68),
planned nature of the pregnancy (b=.08, SE=.16, p=.63), depressive symptoms (b=-.006,
SE=.007, p=.40), or anxiety symptoms (b=-.001, SE=.01, p=.93). Thus, no maternal
characteristics were included as covariates in subsequent analyses.

Associations among Childhood Sexual Abuse and Family Functioning Scores

Bivariate correlations between CSA score and family functioning scores were examined. We
found that greater experiences of CSA were associated with greater difficulties in a number
of domains of family functioning, including family problem solving (r=.17, p=.02), family
roles (r=.16, p=.03), and problems with behavioral control (r=.19, p=.01). Greater
experiences of CSA was also marginally associated with greater difficulties in overall family
functioning (r=.13, p=.08), poorer communication (r=.13, p=.09), and difficulties with
affective involvement (r=.14, p=.07). However, associations dropped below significance
after correcting for multiple comparisons. CSA was not significantly associated with family
affective responsiveness (r=.10, p=.17).

The moderating influence of family functioning on the association between childhood
maltreatment and Cortisol Awakening Response

Associations among average CAR in pregnancy and interaction terms were not significant (r
values <.14, p values >.13). However, as illustrated in Model 1 in Table 2, current general
family functioning significantly moderated the effect of CSA severity on change in CAR
across gestation (b=.001, SE=.001, p=.001), such that, among participants with a more
severe CSA history, those who reported poorer perceived family functioning displayed
increasing CAR compared to participants with less severe CSA histories and better
perceived family functioning. Results are illustrated in Figure 1. Family functioning did not
significantly moderate the effects of other child maltreatment experiences on CAR (p’s > .
10). Post-hoc analyses revealed a significant association among interaction terms and CAR
at 35 weeks (r=.22, p<.05) but not at 25 or 29 weeks gestation (r’s<.07, p’s>.10). CSAXFAD
score accounted for 3% of the variance in change in CAR change from 25-35 weeks
gestation.

We then examined the associations among the interaction between maternal CSA scores and
specific domains of family functioning and average maternal CAR in pregnancy. The
associations among average CAR in pregnancy and CSAxProblem Solving (r=.17, p=.05)
and CSAxBehavior Control (r=.17, p=.05) were significant, however after correcting for
multiple comparisons associations dropped below significance. All other correlations were
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non-significant (r’s<.16, p’s>.08). As illustrated in Model 2 in Table 2, there were no
significant interactions among CSA history and domains of family functioning (p’s > .12).

Associations among maternal cortisol awakening response and neonatal outcomes

We examined bivariate associations between CAR at each gestational age and neonatal
outcomes using Pearson correlations. None of the associations were significant (r values <.
14, p values > .10). We also examined associations among neonatal outcomes and change in
CAR over pregnancy using HLM. Change in maternal CAR was not associated with
gestational age at birth (B=-.004, SE=.04, p=.91), birth weight (B<.001, SE<.001, p=.93),
or APGAR score (B=.02, SE=.15, p=.90).

Discussion

Childhood maltreatment may have long-term effects on HPA axis regulation, and these
effects appear to extend into pregnancy. While stressful experiences in childhood may
program HPA regulation, demands of the current environment may influence the level of
cortisol output in adulthood. The goal of this study was to examine the moderating influence
of current family functioning in pregnancy on the association between maternal CSA history
and cortisol awakening responses in late pregnancy.

Results indicate that family functioning moderated the association between CSA and change
in CAR over pregnancy, such that participants with more severe CSA histories and who
reported poorer perceived family functioning in pregnancy displayed increasing CAR from
25 to 35 weeks gestation. Family functioning did not moderate the association between other
forms of childhood maltreatment, or the number of child maltreatment experiences, and
CAR suggesting that CSA history may be uniquely dysregulating to HPA activity in
pregnancy. This finding complements findings from other studies which have also found
that victims of childhood maltreatment who report better interpersonal support in adulthood
are buffered from the negative social and emotional outcomes often associated with
childhood maltreatment (Hill, et al., 2010; Hyman, et al., 2003). Furthermore, past studies
have found that victims of childhood maltreatment demonstrate increased cortisol output
specifically within the context of current life challenges, including current psychopathology
and deficits in interpersonal competence (Alink, et al., 2012; Cook, Chaplin, Sinha, Tebes,
& Mayes, 2012; Heim et al., 2002; Kim & Cicchetti, 2010; Newport, Heim, Bonsall, Miller,
& Nemeroff, 2004).

These findings are also consistent with previous evidence showing that hostile or negative
behaviors during marital conflict predicted greater increases in endocrine parameters
(Kiecolt-Glaser et al., 1997; Malarkey, Kiecolt-Glaser, Pearl, & Glaser, 1994). Difficulties
with problem solving may be particularly stressful to pregnant women, and in turn
particularly dysregulating to HPA axis activity, as the salience of the need to resolve
problems effectively increases as families prepare to integrate a new baby into the family
(Cowan & Cowan, 2000). Indeed, lower perceived partner support in pregnancy predicts
greater maternal (and infant) emotional distress (Tieman, van der Ende, & Verhulst, 2005),
and declines in romantic relationship quality in the prenatal and postpartum period are
associated with increases in women’s anxiety symptoms (Smith, Draper, Manktelow,
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Dorling, & Field, 2007). Given that the majority of pregnancies in this sample were
unplanned, increasing cortisol over pregnancy in women with poorer perceived family
functioning may be reflective of increasing instability in the relationship with the father of
the baby. Consistent with this possibility, an unplanned pregnancy is associated with sharper
declines in husbands’ marital satisfaction across the transition to parenthood (McDonald,
Han, Mulla, Beyene, & Group, 2010). Future research is needed that measures family
functioning at several stages of pregnancy in order to determine if cortisol changes parallel
changes in perceived family functioning.

Results of this study indicate that family functioning in pregnancy moderates the association
between CSA and change in cortisol over pregnancy specifically, but not absolute CAR
output. Maternal HPA activity is dynamic over pregnancy; placental CRH increases as
pregnancy progresses, leading to increases in maternal cortisol production over gestation. It
is possible that increases in circulating CRH results in increased sensitivity of the HPA axis
to maternal distress (i.e., poor family functioning) as pregnancy progresses. Future research
is needed that examines change in placental CRH over pregnancy among victims of CSA.

Patterns of cortisol observed in women with more severe CSA histories and poorer family
functioning have important implications for understanding adverse maternal and neonatal
health outcomes. Specifically, past research has found that a lack of dampening in the CAR
over pregnancy is associated with shorter gestational length (Buss, et al., 2009). There is an
inverse association between gestational length and offspring morbidity; shorter gestational
length places offspring at increased risk for life-long health problems including respiratory
and cardiovascular disorders (Saigal & Doyle, 2008). Women at risk for pregnancy
complications and adverse neonatal outcomes were excluded from the current sample at the
time of recruitment, thus it was not surprising that we did not observe an association
between CAR and birth outcomes in this low-risk sample. Among a more representative
sample, including high-risk pregnancies, women with CSA histories and poor family
environments may be particularly susceptible to adverse neonatal outcomes, potentially due
to a lack of dampening in their CAR over gestation.

Results from this study also have implications for maternal health in pregnancy and
postpartum. Past studies suggest that elevated cortisol in pregnancy may place women at
increased risk for health problems during pregnancy including pre-eclampsia, gestational
diabetes, and increased weight gain (Damjanovic et al., 2009; Keller-Wood et al., 2014;
Redman & Sacks, 1999). Women may also be at elevated risk for disorders in the
postpartum period such as thyroiditis and rheumatoid arthritis (Elenkov et al., 2001;
Mastorakos & llias, 2000) and postpartum mood disorders (Mastorakos & llias, 2000; A
Nierop, Bratsikas, Zimmerman, & Ehlert, 2006). Thus interventions aimed at improving
family functioning in order to lower cortisol may have beneficial effects on both maternal
and offspring health.

This study was limited by the small number of samples used to estimate the CAR (Clow,
Hucklebridge, & Thorn, 2010) and the one-time administration of the family assessment
device (FAD). In addition, the FAD is a measure of perceived family functioning. It is
possible that participants with CSA histories have poorer perceptions of interpersonal
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relationships that may not accurately reflect the availability and support of their social
networks. However, subjective interpersonal experiences may be as important for cortisol
regulation as objective measures of support (Endrighi, Hamer, & Steptoe, 2011). In addition,
we did not find significant associations among CSA scores and family functioning scores,
indicating that women with more severe CSA histories did not have poorer perceptions of
their current family environment than women with less severe CSA histories. Another
limitation of this study is that women were asked to retrospectively recall childhood
experiences of maltreatment. We were not able to verify the accuracy of these reports;
women may have under- or over-reported their experiences of child maltreatment. Finally,
women included in this study were drawn from a highly selected sample that was at low-risk
for adverse maternal and neonatal complications. The null associations among maternal
cortisol and neonatal outcomes may have been due to a lack of variability in birth outcomes
among women in this sample. Women were also excluded from participating for a variety of
medical conditions and medications that could impact maternal cortisol output. Therefore,
results from this study may not generalize to high-risk pregnancies and may underestimate
the effects of CSA and family functioning on maternal cortisol during pregnancy, given that
women with chronic health conditions in pregnancy or medication use may exhibit altered
cortisol profiles during gestation (Damjanovic, et al., 2009; McKenna, Wittber, Nagaraja, &
Samuels, 2000; Salustiano, De Pinho, Provost, Ruano, & Zugaib, 2013; Shea et al., 2007).

Future studies are needed that examine the moderating influence of family functioning on
the association between CSA history and maternal cortisol in a sample of pregnant women
at high-risk for adverse neonatal outcomes. Studies are also needed that prospectively assess
cortisol regulation in child maltreatment victims across the lifespan and throughout
pregnancy in order to better understand the effects of maltreatment on cortisol regulation as
the HPA axis undergoes changes associated with gestation. Such prospective studies would
allow for the examination of effects of maltreatment timing and duration on maternal
cortisol regulation over pregnancy. Previous research suggests that early life stress that
occurs in early childhood may have the most detrimental impact on development (Doom &
Gunnar, 2013).

Taken together, findings from this study suggest that maternal history of CSA has long-term
consequences for HPA axis regulation in pregnancy, and elevated maternal cortisol levels
associated with CSA are particularly pronounced when experiencing challenges in the
prenatal family environment. A highly functioning family context may buffer victims of
CSA from elevated cortisol production and may serve as a protective factor regarding
adverse neonatal outcomes that are elevated in CSA victims. These findings highlight the
importance of considering stress in both childhood and current environments in predicting
maternal cortisol in pregnancy. While women with a history of CSA may be at heightened
risk for elevated cortisol levels in pregnancy, this risk may be potentiated or mitigated by the
current family environment. Thus, interventions targeted at improving family functioning
may be particularly helpful for pregnant women with CSA histories and may have a positive
impact on both maternal and neonatal health.
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Figure 1.
Family functioning moderates the association between maternal childhood sexual abuse and

change in cortisol awakening response from 25-35 weeks gestation.

Note. CSA= Childhood sexual abuse. FAD = Family Assessment Device. For illustrative
purposes, significant results were graphed at two arbitrary points at the 25t and 75t
percentile of continuous CSAXFAD interaction terms.
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Table 1
Maternal and infant characteristics
Mean/ % SD
Maternal Characteristics
Maternal age (years) 26.46 5.52
Race (% Non-Hispanic White) 44%
Marital Status (% married) 36%
Yearly Income (% < $30K) 47%
Pre-Pregnancy BMI 26 6
Gravida 2 2
Planned pregnancy (% yes) 36%
Cigarette Smoking (% yes) 8%
Depressive symptoms (IDS) 12 9
Anxiety symptoms (HAM-A) 6 5
Child Maltreatment Scores % Any Abuse
Childhood Sexual Abuse Score 5 3 24%
Childhood Physical Abuse Score 7 4 47%
Childhood Neglect Score 5 3 27%
Witnessed domestic violence Score 5 4 30%
Adverse Childhood Events Score 3 2

Infant Characteristics

Gestational Age at Birth (weeks) 39.63 121
Birth weight (grams) 3389 451
APGAR score at 5 minutes 9 1
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Table 2

Model 1:
Child Maltreatment

Model 2:
Childhood Sexual Abuse

x Family Functioning

x Family Functioning

Subscales

Fixed Effects Coeff (SE) Coeff (SE)
Intercept 13.08 (9.53) 14.1(21.08)""
Childhood sexual abuse x Family Functioning 002 (_001)**

Child Physical Abuse x Family Functioning .002 (.001)

Child Domestic Violence x Family Functioning  -.001 (.001)

Child Neglect x Family Functioning -.001 (.001)

Adverse Events Score x Family Functioning .03 (.03)

CSA x Problem Solving -.01(.02)
CSA x Communication .01(.01)
CSA x Roles .00(.01)
CSA x Affective Responsiveness .02(.02)
CSA x Affective Involvement -.01(.01)
CSA x Behavioral Control -.004(.03)

*

*
p <.001
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