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Abstract
Maternal exposure to significant prenatal stress can negatively affect infant neurobiological
development and increase the risk for developmental and health disturbances. These effects may
be pronounced in low SES and ethnic minority families. We explored prenatal partner support as a
buffer of the impact of prenatal stress on cortisol reactivity of infants born to low-income Mexican
American women. Women (N=220; age 18–42; 84% Spanish-speaking; 89% foreign born; modal
family income $10,000–$15,000) reported on economic stress and satisfaction with spousal/
partner support during the prenatal period (26–38 weeks gestation), and infant salivary cortisol
reactivity to mildly challenging mother-infant interaction tasks was assessed at women’s homes at
six weeks postpartum. Multilevel models estimated the interactive effect of prenatal stress and
partner support on cortisol reactivity, controlling for covariates and potential confounds. Infants
born to mothers who reported high prenatal stress and low partner support exhibited higher
cortisol reactivity relative to those whose mothers reported high support or low stress. The effects
did not appear to operate through birth outcomes. For low-income Mexican American women,
partner support may buffer the impact of prenatal stress on infant cortisol reactivity, potentially
promoting more adaptive infant health and development.
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The foundations for lifespan health begin in the prenatal environment. For low-income and
ethnic minority women, the prenatal period can be associated with a number of physical,
emotional, social, and financial stressors (Bloom et al., 2013; Bermúdez-Millán et al., 2011;
Dominguez et al., 2008). Stressful experiences have negative implications for mothers’
wellbeing, but can also have deleterious consequences for fetal and infant development.
Prenatal stress can be conceptualized as a teratogen, a factor that can directly affect the
developing fetus and is capable of interfering with normal development (DiPietro, 2012).
Effects of prenatal stress have been documented on a wide range of infant outcomes
including low birth weight, pre-term birth, dysregulated neurobiological activity, and
behavioral, emotional, and neurodevelopmental disturbances (Lazinski, Shea & Steiner,
2008). The impact of prenatal stress can persist into childhood, adolescence, and adulthood
(Talge, Neal, & Glover, 2007).

The development of infant physiological stress response systems represents a potential
mechanism linking prenatal exposures to infant health and developmental outcomes. The
hypothalamic-pituitary-adrenocortical (HPA) axis, a primary mediator of the stress response,
regulates the production and release of the glucocorticoid hormone cortisol. Scholars
investigating associations between maternal stress and infant birth, health, and
developmental outcomes have described a “fetal programming” hypothesis, wherein high
stress during pregnancy results in an adverse intrauterine environment that can negatively
impact infant growth and contribute to a variety of negative health effects across the
lifespan. In part, prenatal stress may affect fetal development via stress-related activation of
the maternal HPA axis, resulting in transmission of cortisol across the placenta (Reynolds,
2013). High maternal stress and resulting excess fetal cortisol exposure is believed to disrupt
the normal adaptive function of coregulatory maternal stress systems (nervous, endocrine,
and immune) that support healthy fetal development (Coussons-Read, 2012). Interference in
the normal development of the HPA axis may disrupt subsequent capacities for
physiological and behavioral regulation (Weinstock, 2005). O’Connor et al (2013) reported
that higher cortisol exposure in utero was associated with dysregulated cortisol reactivity in
infancy.

Deleterious effects on birth outcomes represent a potential mechanism through which
prenatal stress may be linked to HPA regulation and later infant health and developmental
outcomes, although evidence for such a pathway is limited. Reynolds (2013) outlined a
theoretical model in which low birth weight mediates the effects of maternal distress on
child HPA dysregulation, which in turn increases the risk of obesity and metabolic disorders
later in life. A fairly consistent literature identifies prenatal stress, depression, and anxiety as
risk factors for preterm birth and low birth weight (Dunkel Schetter, 2011). However, the
role of birth outcomes in the relation of prenatal stress to infant HPA axis activity is less
clear. Field et al (2004) reported that low birth weight and prematurity did not explain the
poorer neonatal outcomes (i.e., less habituation, less orientation, poorer motor skills, and
decreased autonomic stability) observed in infants exposed to maternal prenatal depression.

The impact of prenatal stress may be accentuated in low-income Mexican or Mexican
American families. Hispanic women commonly face stressors such as discrimination,
occupational barriers, language barriers, and deportation fears (Cervantes et al., 1991).
Compared to Caucasian families, Hispanic families are more than twice as likely to live
below the poverty level ($21,954 for a family of 4; 22.7% of Hispanic families compared to
9.3% of Caucasian respondents; US Census Bureau, 2012), and considerable research
documents deleterious effects of poverty on birth outcomes, child stress physiology, and
child health and developmental outcomes (Blair et al., 2011; Evans, 2003). However, despite
high traditional risk factors, Hispanic immigrant women tend to have more positive birth
outcomes compared to African American and other ethnic minority groups in the US (i.e.,
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lower incidence of low birth weight infants, fewer preterm births), and comparable or lower
risk for low birth weight compared to non-Hispanic white groups (Flores et al., 2012;
McGlade et al., 2004). Better than expected birth outcomes may reflect a Healthy Migrant
effect, which posits that health benefits are due to better mental and physical health of those
who choose to emigrate compared to those who stay. Alternatively, the “Latina Paradox”
hypothesizes that Latinas in the US experience protective cultural factors that promote
resilience in the presence of stressful conditions (McGlade et al., 2004), potentially
translating into better birth outcomes. Powerful culture-specific values such as strong family
and kinship ties and a high value placed on the maternal role may provide protective
emotional and practical support for pregnant Latina women.

Support from a romantic partner or spouse is a particularly salient protective factor for
pregnant women (Rini et al., 2006). For low-income Mexican American women, strong
cultural values relating to the family may enhance the protective effects of support during
pregnancy (Bender & Castro, 2000; Diaz et al., 2007; Campos et al., 2008). Further, partner
support during pregnancy may promote subsequent infant well-being. More perceived
support from a partner has been associated with reduced emotional distress among mothers
and distress to novelty among their six to eight week infants (Stapleton et al., 2012). With
regards to infant cortisol, existing studies have predominantly focused on postpartum partner
support, with relatively consistent findings that partner relationship functioning can
significantly affect child cortisol (e.g., Pendry & Adam, 2007).

Many of these studies have been limited by cross-sectional designs that preclude the ability
to determine the directionality of influence. DiPietro (2012) notes a number of related
methodological issues in the inference of causality in research on the implications of
maternal stress for infant outcomes. These issues include a reliance on subjective maternal
reports for both predictor (e.g., stress) and outcome (e.g., child health), shared genetic
contributions, and potential confounding by other prenatal and postnatal exposures and
behaviors. For example, despite being unique psychological constructs, maternal depression
and stress are generally significantly correlated, creating a challenge to empirically separate
their effects. Further, effects of prenatal stress are difficult to disentangle from effects due to
stress in the postpartum environment. In short, while intriguing evidence supports
hypothesized causal effects of prenatal stress and support on infant development,
longitudinal research beginning in the prenatal period that addresses potential confounding
factors is needed to better understand the transmission of risk and protective influences from
mother to infant.

Existing literature points to negative influences of prenatal stress and positive influences of
support on infant health and developmental outcomes, but little is known about the extent to
which partner support may buffer the impact of stress on infant outcomes, particularly in
ethnic minority populations. The present study investigates the interactive impact of prenatal
stress and partner support on infant salivary cortisol reactivity in Mexican American women
and infants. Due to the extremely low-income of our sample, we focused attention on
economic hardship as our measure of prenatal stress, or the stress experienced by mothers
when available resources are not adequate for appraised needs (Barrera et al., 2001). Such a
measure recognizes that objective indicators of poverty, such as family income, do not
adequately capture the psychological sense of disparity at the heart of stress. We
hypothesized that higher prenatal support from the spouse/romantic partner would buffer the
impact of economic stress on infant cortisol reactivity at six weeks postpartum, such that
higher prenatal stress would predict elevated cortisol only for infants whose mothers also
reported lower partner support. We also examined potential confounding factors such as
maternal postpartum cortisol reactivity, prenatal and postpartum maternal depressive
symptoms, and postpartum partner support. Finally, we explored birth outcomes as a
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potential intermediate pathway linking prenatal stress and support to infant cortisol
reactivity.

Method
Participants

Participants included 220 women (mean age = 28.2, SD = 6.4) and their infants. Data were
collected at two time points: prenatal and six weeks postpartum. Women were recruited
from a hospital-based prenatal clinic that serves low-income women from the surrounding
community. Eligibility criteria included: 1) self-identification as Mexican or Mexican
American, (2) fluency in English or Spanish, (3) age 18 or older, (4) low-income status
(family income below $25,000 or eligibility for Medicaid or Federal Emergency Services
coverage for the birth), and (5) no prenatal evidence of a serious infant health or
developmental problem. Demographic characteristics are displayed in Table 1.

Recruitment and retention
During prenatal care appointments, women were approached by a female, bilingual
interviewer who explained the study and assessed eligibility. Of women who were eligible,
56% agreed to a home visit between 26–38 weeks gestation (mean 35.4 weeks, SD = 2.8)
during which informed consent was obtained. Of the 263 women who consented to the study
at the prenatal visit, 254 (97%) completed a six week visit (two women dropped out of the
study after the prenatal visit, one could not be contacted, and six could not be scheduled
within one week of the baby’s six week birthday). The current analyses only include those
who reported being married or in a romantic relationship at the prenatal visit (n = 220).

Procedure
All interviews were conducted at participants’ homes in their choice of Spanish (85%) or
English (15%). Due to variability in literacy, survey questions were read aloud to all
participants. Women were given visual aids with written and graphic descriptions of item
response formats. The 6-week interview was scheduled within one week of the infant’s
chronological age of six weeks, but for infants born at less than 37 weeks gestation (n=8)1,
the interview was conducted at six weeks corrected age. At the six week interview, salivary
cortisol samples were collected from mothers and infants before and after video-recorded
mother-infant interaction tasks that began approximately 30 minutes after arrival in the
home. To aid in sample retention, interviews were scheduled at the mother’s convenience;
the first cortisol was collected between 8:30 AM and 5 PM (median 12:00 PM). The total
duration of the home visits was approximately 2 hours. Women were compensated $75 and
small gifts (e.g., bath oils) at the prenatal interview, and $50 and small gifts (e.g., bibs) at
the six week interview.

Measures
Partner support—At the prenatal visit, women completed measures assessing two
components of partner support: prenatal relationship satisfaction/emotional support, and
expectations for tangible and emotional support after the birth. First, a seven item version of
the Dyadic Adjustment Scale (Spanier, 1989) measured women’s satisfaction in their
relationships and emotional support from their spouse/romantic partner. Previous research
supports the validity of the DAS for Hispanic Americans (Youngblut, Brooten, & Menzies,
2006). Sample items include “In general, how often do you think things between you and
your partner are going well?” and “How often do you confide in your partner?” One

1One infant was born at 26 weeks, 7 infants were born at 36 weeks. All remaining infants were full-term.
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additional question asked: “Overall, how satisfied are you with the support you get from
your partner?” Response options ranged from “1” (never/not at all) to “5” (all the time/
extremely). A sum score was calculated (Cronbach’s α = .79). Second, the partner support
subscale of the Prenatal Expectations Scale for Mexican Americans (PES-MA; Gress-Smith
et al., 2013) provided a six item measure of expectations for partner support after the birth
(Cronbach’s α = .93). Women also completed the PES-MA at six weeks postpartum,
reworded to assess actual experiences of support (α = .93). Developed specifically for low-
acculturated Mexican American women, the PES-MA is a culturally-relevant measure of
women’s prenatal expectations and postpartum experiences. Sample items include “Your
spouse/partner will be there for you when you need him”, and “Your spouse/partner will
help take care of the baby”. Items were rated on a five point scale from “1” (Not at all) to
“5” (Completely) and a sum score was calculated. Higher scores represent higher
expectations for postpartum support (prenatal assessment), or higher experiences of support
(postpartum assessment). The DAS and PES-MA scales were highly correlated (R = .66, p
< .001), and a composite score for partner support was calculated by summing the z-scores
for each scale.

Prenatal Economic Stress—Mothers were administered the Economic Hardship Scale
(EHS; Barrera et al., 2001; Cronbach’s α = .86). The 20-item EHS was developed for low-
income families as a subjective measure of the psychological sense of hardship. It is
advantageous over objective measures such as family income due to difficulties accurately
quantifying income in populations with unpredictable income (e.g., day laborers, irregular
work hours), as well as problems interpreting the adequacy of a given income level based on
unique life circumstances. Instead, the EHS assesses the stress experienced when available
resources are not adequate for appraised needs. Evidence for measurement equivalence and
validity with Mexican American English and Spanish-speaking adults is detailed in Barrera
et al. Four subscales include: Financial Strain, Inability to Make Ends Meet, Not Enough
Money, and Economic Adjustments. Subscale scores were converted to z-scores and
summed. Higher scores indicate more economic stress.

Depressive symptoms—The 21-item Edinburgh Postnatal Depression Scale (Cox,
Holden, & Sagovsky, 1987) was given prenatally and at six weeks postpartum (prenatal α
= .86; six week α = .86). The EPDS has been validated in English (Cox et al.) and Spanish
(Garcia-Esteve et al., 2003). Higher scores reflect higher depressive symptomatology.

Mother-infant Interaction Task—A series of five structured video-recorded mother-
infant observational episodes, selected to elicit mild frustration for the mother and the infant,
were conducted. The infant was in an infant seat with the mother seated directly across from
him/her. The episodes included 1) Free play (5 mins), 2) Arm Restraint (2 mins; Goldsmith
& Rothbart, 1993), 3) Soothing (3 mins), 4) Teaching task (5 mins; mothers are asked to
“teach” her child a task from the Bayley Scales of Infant Development II (Bayley, 1993) that
reflects a skill 1–2 months beyond the infant’s capabilities, and 5) Peek-a-boo (3 mins). The
total duration of the tasks was 25–30 minutes.

Cortisol sampling—Saliva samples were obtained from infants and mothers at the 6-
week postpartum home visit. Samples were collected immediately prior to the first task (T0),
and at 0 (T1), 20 (T2), and 40 (T3) minutes after all the tasks were complete, using Salivette
(mothers) and Sorbette (infants) sampling devices (Sarstedt, Rommelsdorf, Germany;
Salimetrics Inc, State College, PA). Oral stimulants were not used, and mothers were asked
not to feed the baby for 30 minutes prior to collection. Saliva samples were frozen and
mailed to Salimetrics Inc where they were assayed for free cortisol. Missing infant cortisol
data were due to the following: significant interference in assays (n=3), insufficient saliva
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(n=1), infant illness (n=1), and problems in the home (e.g., no electricity) that prevented the
interaction task (n=3). Cortisol values were log-transformed (base 10) to correct for
deviations from normality. Maternal postpartum cortisol values were used to calculate area
under the curve with respect to ground (AUCg) as a measure of total cortisol across the task,
and area under the curve with respect to increase (AUCi) as a measure of cortisol reactivity
to the task.

Selection of control variables—We considered three types of control variables for
evaluation: confounds, covariates, and intermediate variables. Cortisol reactivity can be
influenced by a wide range of factors not expected to be related to the independent variables
(IV; economic stress, partner support), including time of day, infant waking, or last infant
feeding; breastfeeding status; temperature in the home; and mother’s use of medications,
caffeine, or tobacco. These variables were evaluated as potential covariates. Covariates do
not explain relations between the IVs and the dependent variable (DV) because they are not
in a causal pathway between the IVs and the DV (MacKinnon & Luecken, 2008). It is not
necessary to control for covariates, but doing so may increase efficiency in estimation
(Sauer et al., 2013). We selected covariates by empirical evaluation of their relation to infant
cortisol. Although covariates are not expected to change the relation between the IVs and the
DV, we elected to take a conservative approach by analyzing models both with and without
covariates.

Confounding variables are factors that are associated with both the IV and the DV,
introducing bias into estimation of hypothesized causal relations (MacKinnon & Luecken,
2008). Potential confounds were selected by theoretical identification of variables that may
be associated with prenatal support, economic stress, and infant cortisol, potentially
changing or explaining the relations between them. Potential confounds included: household
income, maternal age, education, number of children or country of birth; weeks pregnant at
prenatal visit; maternal postpartum cortisol levels and reactivity; and prenatal depression.
For example, lower household income or lower education may be associated with both
higher prenatal economic stress and dysregulated infant cortisol (Barrera et al., 2001; Blair
et al., 2011). Dysregulated maternal cortisol may be associated with a stressful environment
and may be a marker of genetic risk to infants. Because prenatal exposures that persist into
the postpartum environment complicate efforts to isolate the impact of prenatal factors, we
also evaluated maternal depression and partner support at six weeks postpartum2. Potential
confounds were evaluated empirically – those related to both the IV and DV were included
in final models.

Finally, variables on an intermediate pathway between the IV and DV that may explain the
effects of the IV on the DV were considered. These included birth outcomes obtained from
medical records at the hospital of birth (birth weight, gestational age, five minute APGAR).
For example, a high stress prenatal environment may increase the risk of low birth weight,
which may explain six week infant cortisol responses.

Data Analyses
Preliminary analyses—Zero-order correlations between study variables are shown in
Table 2. Analyses of outliers identified eight infants with high cortisol values (>4 SD from
the sample mean) who were removed from analyses3. We first considered potential
covariates. Time of day of sampling was near-significant in predicting the linear slope of

2Economic stress was not assessed at six weeks postpartum. Postpartum partner support did not interact with prenatal economic stress
to predict infant cortisol reactivity (p = .10).
3Primary study results remained significant with these infants included, however they were removed from analyses because the values
were not considered reliable and could distort interpretation of results.
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cortisol, p = .063. Infants who were breastfed had a higher intercept, p = .001 and increasing
linear slope, p = .027. A longer time since the last feeding predicted higher cortisol intercept,
p= .002. No other potential covariates were significant predictors of any measure of cortisol
activity. Therefore, time of day, breastfeeding status, and time of last feeding were selected
as covariates.

Next, we evaluated potential confounds: older maternal age, lower household income, and a
greater number of biological children were associated with higher economic stress, but these
variables were not associated with partner support, the interaction of partner support and
economic stress, or any measure of infant cortisol (see Table 2). Mother’s country of birth
and number of weeks pregnant at the prenatal visit were not associated with economic stress,
partner support, the interaction term, or any measure of infant cortisol. Maternal education
was negatively correlated with economic stress (r = −.29, p < .01), was predictive of infant
cortisol intercept (estimate = .017; p = .024), and was near significant for the linear slope
(estimate = −.020; p = .063) and quadratic response (estimate = .006; p = .059), such that
infants whose mothers had less education had a lower baseline cortisol and greater reactivity
than those with higher educated mothers. Higher prenatal depressive symptoms were
correlated with higher economic stress and lower partner support, but did not significantly
predict any measure of cortisol activity (intercept p = .38; linear slope p = .09; quadratic p
= .21)).

Potential confounds in the postpartum environment were also considered. Maternal
postpartum AUCi and AUCg were not correlated with economic stress, partner support, or
the interaction term (p’s > .13). Maternal AUCg and AUCi were also not associated with
infant cortisol reactivity or total cortisol (p’s > .22). Postpartum maternal depressive
symptoms were correlated with prenatal support and economic stress (see Table 2), and
predicted infant cortisol intercept (estimate = −.027, p = .016) and linear slope (estimate = .
021, p = .036). Postpartum support was positively correlated with prenatal support and
predicted infant cortisol intercept (estimate = .026, p = .009), linear slope (estimate = −.022,
p = .009) and quadratic response (estimate = .004, p = .035). Therefore, we controlled for
maternal education, postpartum depressive symptoms, and partner support in final models.

Primary analyses—We used multilevel linear modeling (MLM) to evaluate the influence
of prenatal stress and partner support on infant cortisol response to the interaction tasks.
MLM is valuable for these data because it handles repeated cortisol measures nested within
infant, and because it allows for the simultaneous modeling of possible differences in
change in cortisol over time across persons and does not limit data analysis to only complete
cases. The data were modeled using SPSS MIXED, with the repeated cortisol measures
forming the within-person dimension (ICC = .43). A variable “time” was created to reflect
within-person cortisol sampling order, coded so that “0” = baseline/intercept, “1” =
immediately after mother-infant tasks, “2” = 20 minutes post tasks, and “3” = 40 minutes
post tasks. The relation of this Level 1 variable with the DV was included as a random linear
and random quadratic (time × time) effect. Partner support, economic stress, and the
interaction of partner support and economic stress served as Level 2 (between person) IVs.
Continuous variables were centered at the sample mean. Pseudo R2 was calculated as a
measure of effect size for the quadratic term (stress × support × time × time), using the
covariance parameter estimates for the model without the interaction terms relative to
models with the interaction terms: the pseudo R2 represents the change in variance explained
by the addition of the interaction of prenatal stress and support to the model.

Models were first estimated with only the IVs. Next, models were estimated with covariates
(time of day, breastfeeding status, and time of last feeding). Maternal education, postpartum

Luecken et al. Page 7

Psychoneuroendocrinology. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



maternal depressive symptoms, and postpartum support were then included as control
variables. Finally, we evaluated birth outcomes as potential intermediate variables.

Results
Infant cortisol response to the interactions

Multilevel models were estimated predicting the repeated measures of infant cortisol from
prenatal partner support, economic stress, and the interaction of partner support and
economic stress. Results are shown in Table 3. There was a significant quadratic pattern in
the cortisol response, F(1,184)= 27.0, p < .001, β = −.053, 95% CI [−0.073, −0.033],
indicating significant infant cortisol reactivity to the tasks across the sample. The interaction
term (stress by support) was significantly associated with the linear slope, p = .003, and the
quadratic pattern of response, p = .003, pseudo R2 = .17 (see Figure 1). There was also a
significant effect of partner support for the linear slope, p <.001, and quadratic pattern of
response, p = .001, indicating higher reactivity among infants whose mothers reported less
prenatal support.

Exploratory analyses were conducted to further understand the nature of the interaction by
dividing the sample into high and low economic stress groups using a median split. Within
the low stress group, prenatal partner support had no effects on infant cortisol intercept,
slope, or quadratic pattern of response (all p’s > .58). However, within the high stress group,
partner support was highly significant in predicting cortisol intercept (p = .02), linear slope
(p < .001), and quadratic response (p < .001).

Additional exploratory analyses addressed the graphical pattern of results which suggested
that infants whose mothers reported high stress and high support may have had elevated
baseline cortisol and attenuated reactivity. However, prenatal support, economic stress, and
their interaction did not predict baseline cortisol (p’s > .14). When the sample was divided
into high and low support groups using a median split, economic stress only predicted
reactivity for infants in the low support (p = .015) group (high support p = .35).

Controlling for covariates
The second model controlled for covariates including time of day, time of last feeding, and
breastfeeding status. The quadratic pattern of response remained significant for partner
support p = .002, and the interaction of partner support × economic stress, p = .005.

Controlling for potential confounds
Finally, analyses were repeated controlling for potential confounds (Model 3). The quadratic
pattern of results remained significant after controlling for maternal education, postpartum
depressive symptoms, and postpartum partner support (economic stress × prenatal partner
support: p = .003; prenatal partner support: p = .004). Postpartum partner support did not
predict any measure of cortisol response (all p’s > .34). Postpartum depressive symptoms
also did not predict any measure of cortisol response (p’s > .11). Maternal education
remained a significant predictor of the intercept (p = .018), and was near significant for the
linear slope (p = .075) and quadratic response (p = .071).

Evaluation of birth outcomes as intermediate variables
The interaction of prenatal economic stress and partner support did not predict any of the
birth outcomes (birth weight: p = .36; APGAR: p = .48; gestational age: p = .33). Contrary
to predictions, higher economic stress predicted a higher APGAR score (B = .028, p = .029),
and higher prenatal support predicted lower birth weight (B = −40.8, p = .048).
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Finally, we entered birth outcomes as predictors in a model with economic stress, partner
support, and the interaction of economic stress and partner support, covarying for time of
day, breastfeeding status, and time of last feeding. None of the birth outcomes were
significantly related to any measure of infant cortisol (all p’s > .19), and did not significantly
affect any of the relations of economic stress and partner support to infant cortisol.

Discussion
The present study examined the interactive influence of prenatal stress and partner support
on infant salivary cortisol reactivity in very low-income Mexican American families.
Previous literature, conducted predominantly with Caucasian samples, has focused primarily
on main effects of prenatal stress on infant neuroendocrine and developmental outcomes.
We hypothesized that partner support during pregnancy would buffer against the negative
impact of economic stress on infants’ cortisol reactivity at six weeks of age. Our results
suggest that support from a romantic partner during pregnancy may play an important
protective role in the development of infants’ stress reactivity systems for pregnant Mexican
American women experiencing considerable stress. Specifically, we found that infants
evidenced higher cortisol reactivity when mothers reported high economic stress during
pregnancy coupled with low partner support relative to women reporting higher partner
support or lower economic stress.

Consistent with our results, strong emphases on family ties and higher social support are
theorized to be mechanisms through which the Latina paradox is activated. Because our
sample only included Mexican American women, we cannot generalize our results to
majority groups or other ethnic minority groups. Given the unique cultural characteristics of
our sample, the powerful buffering effects of partner support may be unique among the
Latina community. Future research that attempts to replicate these results with other ethnic
groups can provide valuable insight into the extent to which these processes are consistent
across other cultures. Studies suggest that infant health benefits associated with the Latina
paradox may dissipate for more acculturated Latinas (D’Anna-Hernandez et al., 2012).
Given the number of first generation immigrants and low acculturative status of our sample,
it will also be important to evaluate whether the results hold in later generation or more
acculturated families.

Prenatal partner support appeared not merely to act as buffer against the negative influence
of prenatal stress on infants’ cortisol reactivity, but also to exert a unique protective effect
over and above the impact of prenatal stress. This effect held even after controlling for
postpartum partner support, suggesting that observed differences in cortisol reactivity may
be traced to the unique influences of partner support during pregnancy. Although most
studies investigating the role of partner support on infant outcomes have focused on
postpartum support, some have found similar evidence that prenatal partner support may
exert unique influences. For example, Feldman and colleagues (2000) found that support
during pregnancy predicted as much as 31% of the variance in fetal growth. Our study is
unique in evaluating the impact of prenatal support while controlling for support received in
the postpartum period.

Unlike previous studies, we did not find main effects of prenatal stress on infant cortisol
reactivity. Rather, our results support a risk and protective model in which higher economic
stress during pregnancy was associated with heightened infant cortisol reactivity only when
combined with low partner support. The low incomes of all participants in the sample may
have limited the power to detect main effects of stress if it can be assumed that all
participants were experiencing elevated stress relative to higher SES populations.
Alternatively economic stress may not exert the same impact on infant cortisol activity as
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other forms of prenatal stress. However, our results suggest that in the face of considerable
economic stressors, supportive resources in the prenatal period are an important buffer of the
impact on infant cortisol. These results may be useful for the development of interventions
aimed at the promotion of partner support during pregnancy for women with few economic
resources.

The graphical pattern of results shown in Figure 1 was such that infants whose mothers
reported high economic stress coupled with high partner support appeared to show
attenuated cortisol reactivity. This pattern of results was not statistically significant:
exploratory analyses did not support significant differences in baseline cortisol or reactivity
among infants whose mothers reported high support coupled with either high or low stress.
However, similar to theories of stress inoculation (e.g., Lyons et al., 2009), it is interesting
to speculate about the potential for strong support in the face of high stress to promote
adaptive maternal self-regulation, which may influence infant cortisol reactivity via
biological or behavioral coregulatory mechanisms. Alternatively, attenuated reactivity may
be an early marker of HPA axis dysregulation associated with early life stress (e.g., Gunnar
& Quevedo, 2007). Assessment of cortisol reactivity, health, and development at later ages
will help determine whether attenuated reactivity is present, and if so, whether it is adaptive
or maladaptive.

An additional aim of our study was to evaluate whether prenatal influences on infant cortisol
reactivity operated through effects on birth outcomes. However, partner support, prenatal
stress, and their interaction did not predict any of the birth outcomes, and none of the birth
outcomes were associated with cortisol reactivity. Our results contrast with previous
findings that prenatal social support predicts better birth outcomes (Collins et al., 1993;
Feldman, et al., 2000) and prenatal stress predicts worse birth outcomes (Entringer, Buss, &
Wadhwa, 2010). Differences in sample characteristics may help explain this discrepancy.
Our sample is unique because it only included low-acculturated Hispanic families, a
population shown to have healthier birth outcomes than would be expected given elevated
socioeconomic risk (e.g., D’Anna-Hernandez et al., 2012). Our finding that birth outcomes
did not mediate the relation of prenatal stress and support to infant cortisol reactivity may
not generalize to other ethnic groups, more acculturated Mexican Americans, or higher SES
populations. It is also possible that more highly stressed women, for whom effects on birth
outcomes may have been stronger, declined to participate in the study. Finally, our sample
size may not have provided enough power to detect small effect sizes in the relation of
prenatal stress to birth outcomes.

The observed effects of prenatal stress and partner support on infant cortisol reactivity may
have acted through a third variable not considered here. For example, parenting and the
parent-infant bond are potential intermediary pathways. Harsh or neglectful parenting styles
have been associated with insecure infant attachment, and insecure attachment has been
linked to elevated cortisol reactivity (e.g., Bernard & Dozier, 2010). Women who experience
high stress and low support during the prenatal period may be less effective at coregulating
their infant’s reactivity during the mildly stressful interaction task. Aspects of the postnatal
environment, such as maternal depression, may also induce epigenetic variation leading to
altered biological responses (Monk, Spicer, & Champagne, 2012). Although we found no
evidence that postpartum depression or support explained the effects of prenatal experiences
on infant cortisol reactivity, it will be important for future studies to closely examine
additional mechanistic pathways.

There are several limitations to the analyses. First, the study only included low-income
participants who self-identified as Mexican or Mexican American, the majority of whom
were foreign-born, Spanish-speaking, and low in acculturation. Although this sampling
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strategy provides a critical contribution to understanding the health of a high risk and
understudied population, our results cannot be generalized to other racial/ethnic groups, or
more acculturated Mexican Americans. Similarly, our analyses only included women who
reported a current romantic partner at the prenatal interview; results should not be
generalized to women without romantic partners. Second, this was not an experimental
study; despite the prospective design, there may be other unmeasured confounders that could
explain results. Third, infant HPA axis reactivity reflects the influence of genetic variation
and gene-environment interactions (deKloet et al., 2005; Ellis et al., 2006). Infants of
mothers who experience considerable prenatal stress and/or low support may have inherited
genetic vulnerabilities that influence biological sensitivity to the postpartum environment.
Although we do not have genetic measures, we address this concern by controlling for
mother-rated measures of prenatal and postpartum depressive symptoms and postpartum
partner support, which would presumably be similarly affected by personality or genetic
factors. We also evaluated maternal postpartum cortisol a potential marker of genetic
influence; it did not predict infant reactivity or explain the relation of prenatal factors to
infant cortisol. However, even if an unmeasured genetic factor is the underlying mechanism,
our results suggest that prenatal stress and partner support are easily measured markers of
prenatal influences on infant neurobiological outcomes. Further, stress and support are
potentially modifiable targets for intervention in the prenatal period. For example, Urizar
and Muñoz (2011) reported that infants born to low-income Spanish-speaking women who
received a prenatal stress management intervention had lower salivary cortisol levels than
those in the control group. Finally, because we did not measure maternal HPA activity
during pregnancy, we cannot evaluate in utero hormone exposure as a mechanism.

This study has a number of strengths that contribute to a growing literature on prenatal
programming effects on infant neurobiological development. Latinos are the largest ethnic
minority group in the U.S., increasing by nearly 45% since 2000 (U.S. Census Bureau,
2011). Latinos of Mexican origin represent the largest proportion of this growth. The risks
for infant health associated with prenatal stress are particularly salient for low-income
Hispanic women who, compared to non-Hispanic White women, are more likely to live in
poverty, less likely to have graduated from high school, and less likely to have health
insurance (US Census Bureau, 2003; Pew Hispanic Center, 2011). However, strong cultural
values of family and social support may provide important protection for Mexican American
infants. Longitudinal studies such as this, beginning in the prenatal period and controlling
for potential confounds, offer an ideal opportunity for a comprehensive understanding of the
short- and long-term risk and protective factors contributing to the health of Mexican
American children. Our study expands literature on the effect of prenatal stress by
evaluating partner support as a buffer of the negative consequences for cortisol reactivity in
infants born to low-income Mexican American women. The results suggest that partner
support may dampen the impact of prenatal stress on infant cortisol regulation, potentially
promoting more adaptive infant health and development.
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Figure 1.
Prenatal stress and partner support interact to predict infant cortisol reactivity1
1 For display purposes, “low” support and stress were set at 1 SD below the sample means;
“high” support and stress were set at 1 SD above the sample means. T0= pre-task; T1 =
immediately post-tasks, T2 = 20 mins post-tasks; T3 = 40 mins post-tasks. Predicted log-
transformed cortisol values were subjected to anti-log-transformation in order to display
cortisol values in an interpretable metric.
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Table 1

Sample Demographics

Prenatal marital status – N (%)

  Married or Living w/Partner 196 (89%)

  Not married 24 (11%)

Education – N (%)

  Did not attend school 2 (1%)

  1 through 8 years of school 63 (29%)

  Some high school completed 73 (33%)

  High school graduate/GED 56 (25%)

  Some college, vocational or technical school 9 (4%)

  Associates/Vocational/Technical School 4 (2%)

  College degree (BS/BA) or Above 13 (6%)

Maternal Age – Range; M (SD) 18–42; 28.2 (6.4)

Number of biological children – Range; M (SD) 1–8; 2 (1.6)

Country of birth – N (%)

  U.S. 25 (11%)

  Mexico 193 (88%)

  Other 2 (1%)

Age of immigration to U.S. – Range; M (SD) 0–35; 16.4 (7.5)

Family Income N (%)

  ≤ $5,000 24 (11%)

  $5,001 – $10,000 41 (19%)

  $10,001 – $15,000 61 (28%)

  $15,001 – $20,000 26 (12%)

  $20,001 – $25,000 28 (13%)

  $25,001 – $30,000 13 (6%)

  $30,001 – $40,000 13 (6%)

  ≥ $40,000 10 (5%)

Language spoken in the home - N (%)

  English 36 (16%)

  Spanish 184 (84%)
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Birth weight (g) – Range; M (SD) 1190–4935; 3404 (464)

  Low birth weight (<2500 g) - N (%) 2 (1%)

Gestational age (wks) – Range; M (SD) 26–42; 39.3 (1.5)

  Preterm birth (< 37wks) – N (%) 8 (3.6%)

APGAR (5 min) – Range; M (SD) 5–10; 8.9 (.49)

Infant cortisol (non-transformed) – M (SD)

  T0 (pre interaction tasks) .196 (.19)

  T1 (immediately post interaction tasks) .308 (.34)

  T2 (20-min post interaction tasks) .332 (.32)

  T3 (40-min post interaction tasks) .274 (.32)
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Table 3

Multilevel model prediction of infant cortisol response to mother-infant task by prenatal economic stress and
prenatal partner support

Intercept β (CI) Linear β (CI) Quadratic β (CI)

Model 1: no covariates

Economic Stress −.001 [−.019, .016] .011 [−.012, .035] −.004 [−.011, .003]

Partner Support .029 [−.002, .060] −.079 [−.120, −.039]** .021 [.008, .033]**

Partner Support × Economic Stress .008 [−.003, .019] −.024 [−.040, −.008]** .007 [.003, .012]**

Model 2: controlling for covariatesa

Economic Stress −.001 [−.016, .018] .009[−.015, .032] −.003 [−.010, .004]

Partner Support .032 [.001, .062]* −.075 [−.116, −.035]** .020 [.008, .032]**

Partner Support × Economic Stress .011 [−.001, .023] −.024 [−.039, −.008]** .007 [.002, .012]**

Model 3: controlling for potential confoundsb

Maternal education .019 [.003, .035]* −.019 [−.040, .002] .006 [−.001, .012]

Postpartum depression −.008 [−.018, .002] .009 [−.004, .023] −.002 [−.006, .003]

Postpartum support .0001 [−.011, .011] .005 [−.010, .020] −.002 [−.007, .002]

Economic Stress .007 [−.011, .026] .002 [−.022, .027] −.001 [−.009, .006]

Partner Support .024 [−.018, .065] −.085 [−.140, −.030]** .025 [.008, .042]**

Partner Support × Economic Stress .008 [−.003, .019] −.024[−.040, −.009]** .007 [.002, .012]**

a
covariates included time of day, time of last feeding, and breastfeeding status.

b
confounds included maternal education, postpartum depressive symptoms, and postpartum partner support

*
p < .05

**
p < .01
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