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Abstract

Objective—This study investigated the effects of acculturation on cortisol, a biological correlate
of maternal psychological distress, and perinatal infant outcomes, specifically gestational age at
birth and birth weight.

Methods—Fifty-five pregnant women of Mexican descent were recruited from a community
hospital and collected saliva samples at home over 3 days during pregnancy at 15–18 (early), 26–2
(mid), and 32+ (late) weeks gestation and once in the postpartum period (4–12 weeks). These
values were used to determine the diurnal cortisol slope at each phase of pregnancy. Mothers also
completed an acculturation survey and gave permission for a medical chart review to obtain
neonate information.

Results—Multiple regression analyses determined that greater acculturation levels significantly
predicted earlier infant gestational age at birth (R2=0.09, p=0.03). T-tests revealed that mothers of
low birth weight infants weight (<2500g) had significantly higher acculturation scores than
mothers of infants with birth weight >2500g (t=−2.95, p=0.005). A blunted maternal cortisol slope
during pregnancy was also correlated with low birth weight (r=−0.29, p=0.05), but not gestational
age (r=−0.08, p=0.59). In addition, more acculturated women had a flatter diurnal cortisol slope
late in pregnancy (R2=0.21, p=0.01). Finally diurnal maternal cortisol rhythms were identified as a
potential mediator between increased acculturation and birth weight.

Conclusions—This study associated increased acculturation with perinatal outcomes in the US
Mexican population. This relationship may be mediated by prenatal maternal diurnal cortisol,
which can program the health of the fetus leading to several adverse perinatal outcomes.
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Introduction

In the United States Mexican population, acculturation, defined as members of one cultural
group adapting to the beliefs and norms of another cultural group, has been associated with
various negative perinatal outcomes, including low infant birth weight and preterm birth (1).
However, the physiological mechanism through which acculturation leads to these negative
effects is unknown. Prenatal exposure to dysregulated maternal cortisol, a hormone product
of the hypothalamic adrenal pituitary axis, has been associated with various negative
perinatal outcomes, such as growth retardation, preterm birth, and attention and
temperament problems in infancy (2). As acculturation also seems to affect these outcomes,
cortisol may be a promising physiological mechanism involved in mediating some of these
relationships. This study collectively evaluates the relationship between acculturation and
cortisol in a US Mexican population as well as its association with infant birth weight and
gestational age at birth.

Overall, less acculturated Mexican, US immigrants have lower rates of morbidity and
mortality despite lower socioeconomic status, limited education and decreased access to
healthcare (3). This is referred as the “Latino health paradox.” This hypothesis suggests that
acculturation of Mexican immigrants into US mainstream culture can have deleterious
effects on their health. Traditional cultural values among the Mexican population in the US
have been associated with a reduction of negative health behaviors, including smoking,
alcohol consumption and unhealthy eating habits (3–5). High cultural orientation (less
acculturated) is also associated with robust social support (6–8), an important protective
factor for a variety of health behaviors and disorders (9–11). These paradoxical morbidity
and mortality rates are especially pertinent at a time of greater vulnerability such as
pregnancy. For example, acculturated women of Mexican descent are more likely to engage
in non-healthy prenatal behaviors, such as smoking and to have inadequate social support
relative to those less acculturated [15]. In addition, more acculturated US-born Mexicans
have a higher number of unintended pregnancies and greater negative attitudes regarding
their pregnancies (12). Acculturation is also a critical risk factor for increased stressors and
negative perinatal outcomes in this population, such as low-birth weight [6], declines in
breastfeeding [17, 18] and an increased risk of postpartum depression in many [5, 19], but
not all studies [20]. These studies demonstrate a clear link between acculturation and
negative perinatal outcomes in the US Mexican population.

On the other hand, the mechanism by which acculturation may be leading to these negative
outcomes is less clear. One possibility is that acculturation may be associated with increased
psychological stress (13–15). Elevation in the stress-related hormone cortisol is associated
with many of the same negative perinatal outcomes as acculturation, such as premature birth
and decreased birth weight (2, 16). However, little is known about maternal cortisol
regulation in the Mexican population during pregnancy. One study did not report any
significant ethnic differences in cortisol levels across pregnancy, although cortisol levels
early in pregnancy in Hispanic women (Mexican and Central American) did predict later
high circulating corticotropin-releasing hormone (CRH), a regulatory component of the
HPA-axis cascade (17). Differing CRH levels between Hispanic and non-Hispanic
Caucasian women in mid-pregnancy have been reported in some (18), but not all studies
(17). Together these data suggest that pregnant Mexican women may have alterations in
their HPA-axis functioning, the end product of which is cortisol, which may have lasting
consequences for perinatal outcomes. The present study focuses on this possible
relationship.

Salivary cortisol during pregnancy has been assessed by single measurements (19), area
under the curve (20), cortisol awakening response (21, 22) as well as diurnal decline (23–
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25). Evaluation of the diurnal rhythm of cortisol across the day is an informative measure of
HPA-axis functioning (23, 26). Generally, diurnal cortisol levels peak within 30 min of
waking and steeply decline across the day (20, 27). A recent meta-analysis found chronic
stress was associated with a flatter diurnal rhythm, higher daily cortisol output, greater
afternoon cortisol levels and lower morning cortisol (26). These blunted cortisol profiles
have been shown in stressed populations, such women with breast cancer (28, 29) and
children with histories of trauma, neglect and maltreatment (30, 31). Chronically depressed
persons exhibit a flattened cortisol decline across the day as well (32, 33). Thus, diurnal
profiles can provide a measure of HPA-axis regulation during pregnancy. Since a blunted
slope is associated with stress and acculturation is considered a cultural stressor (20, 34, 35),
the diurnal decline of cortisol may provide important information related to challenges
associated with acculturation.

The present study assessed diurnal decline of salivary cortisol levels and maternal self-
reports of acculturation along with infant birth weight and gestational age. We tested the
hypothesis that high levels of acculturation, as measured by the Short Acculturation Scale
for Hispanics (SASH), would be associated with a blunted cortisol decline along with a
decrease in both infant birth weight and gestational age at birth. It was also hypothesized
that a blunted cortisol decline would mediate (36) the relationship between acculturation and
birth outcomes.

Methods

Sample

Seventy Mexican and Mexican-American women were recruited to complete this study. The
sample consisted of pregnant women (ages 18–45), without a history of current or past illicit
drug use, who were recruited by staff at a local county hospital. Visits occurred at normally
scheduled obstetrics clinic appointments between February 2009 and July 2010. The
hospital was located in an urban setting, in which 92% of patient families are living below
the poverty line and 42% of patients are uninsured (37). One participant withdrew from the
study citing a lack of available time, four participants switched their care to other clinics and
one participant tested positive for an illicit substance and were removed from the study.
Eight participants were not included in the analysis due to failure to provide saliva for
cortisol analysis at more than one of the three pregnancy phases (early, mid, late). Only
women with complete salivary cortisol for at least two of three pregnancy phases were
included in the analyses. A final sample of 55 mothers was evaluated (Table 1). Prior to
beginning the analysis, a power analysis determined adequate power such that a sample size
of 55 has 80% power to detect an r2= 0.12 (a small effect size) attributed to an independent
variable using an F-Test with α=0.05. The variables tested were adjusted for the additional
independent variable age with an r2=0.12. There is limited power to examine mediation.

Procedure

At home cortisol samples were collected during early (15–18 weeks gestation), mid (26–29
weeks gestation) and late pregnancy (32–36 weeks gestation) and in the postpartum period
(4–12 weeks). Mothers filled out the acculturation survey at the late pregnancy visit. All
demographic variables are listed in Table 1. Self-report of smoking status was routinely
evaluated early in pregnancy by clinic nurses and obtained via chart review. All research
subjects provided informed consent and all procedures were approved by the Colorado
Multiple Institutional Review Board.
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Maternal acculturation status

Acculturative status was measured once during pregnancy at 32–36 weeks gestation using
the Short Acculturation Scale for Hispanics (SASH) (38). This short (12-item) acculturation
scale evaluates three factors: language use, media and ethnic social relations. Respondents
are asked what language they use during various activities ranging from “Only Spanish” (1)
to “Only English” (5) or who they associate with ranging from “All Latinos/Hispanics” (1)
to “All Americans” (5). This scale has a reliability coefficient α=0.92 and is highly
correlated with respondents’ generation, length of residence in the U.S., age at arrival and
ethnic self-identification, though is not a direct measure of cultural self-identity, per se.
Higher scores indicate higher levels of acculturation. Surveys were presented to participants
in their preferred language. Originally, questions were developed in English or Spanish and
translated using a double translation procedure (38). This scale has been shown to be reliable
in both Mexican and Central American populations (38) and has previously been used when
evaluating health outcomes in Mexican women (39) and acculturation in Latina mothers
(40). Acculturation was only measured once during pregnancy. In adults, acculturation is a
fairly stable construct tied to personal identity, another stable construct (41), and generally
refers to generational differences. As pregnancy lasts 9 months or less, a relatively limited
time period, changes in acculturation are expected to be minimal. Information of maternal
birthplace (US or Mexico) was also collected to compare with the continuous measure of
acculturation on the SASH.

Life Event Information

At each study visit, participants were presented with a list of 31 events that may have
happened to them. Participants were asked to check each event that has occurred in their life
over the past few months. If an event happened more than once, the number of times was
indicated. Events included: death of a spouse, divorce, marital separation, jail term, death of
family member, personal injury/illness, marriage, fired at work, marital reconciliation,
change in health of family member, change in work responsibilities, child leaving home,
trouble with in-laws, outstanding personal achievement, spouse starts/stops work, begin/end
school, change in living conditions, revision of personal habits, trouble with boss, change in
work hours/conditions, change in residence, change in sleeping habits, change in eating
habits, vacation, minor law violation, change in health of family member, change in
financial state, sex difficulties, death of close friend, change in line of work, or arguments
with spouse. The total events were determined for early, mid and late pregnancy. As the
number of life events did not vary over pregnancy (see Results), they were totaled over
pregnancy for a final life event score.

Maternal salivary cortisol collection

Saliva was collected using filter paper contained in specially constructed booklets for saliva
collection as previously described (23, 42–44) and validated (44). Saliva was collected on
three days at each phase (17.3±1.8, 28.1±1.5, 34.3±1.4 weeks gestation and 7.4±2.8 weeks
postpartum). In brief, collection filters (Whatman Grade 42) were assembled in a small
booklet that contained three filters for collection labeled “30 minutes after waking”, “before
lunch,” and “4PM”. Three booklets were provided, one for each day of collection. This
sampling schedule reduces problems associated with food intake on salivary cortisol levels.
Tooth brushing was not allowed prior to sampling and fluids were withheld for at least 20
min prior to sampling. Filters were separated from each other in the collection booklet by
waxed paper to prevent cross contamination. Color tabs on the waxed paper dividers
matched color codes on the cover of the booklet and ensured that the correct filter in the
booklet was wetted. Subjects were asked to enter time of each collection on the cover of the
collection booklet. Proper saliva collection was taught via personal instruction.
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Filters were carefully cut and extracted in 0.25 ml of assay buffer as previously described in
detail (44). In brief, the buffer containing the cut filter was shaken overnight in a
microcentrifuge tube. The 25 µl of extraction buffer was added in duplicate to the
appropriate wells of the assay plate. Extraction dilutes the saliva approximately 1:5. Salivary
cortisol concentration in the extraction buffer was determined using a commercial expanded
range high sensitivity enzyme immunosorbent assay kit (No. 1-3002/1-3012, Salimetrics,
LLC) that detects cortisol levels in the range of 0.003 – 3.0 µg /dl (0.08 – 82.77 nmol/L).
Standard curves were fit by a weighted regression analysis using commercial software (Gen
5) for the plate reader (BioTek). After taking dilution into consideration, the detection limit
was 0.018 µg/dl (0.50 nmol/L). This kit shows minimal cross reactivity (≤4%) with other
steroids present in the saliva. Controls run on every plate for determination of inter-assay
coefficients variability were less than 7.5% for high and low control levels. Intra-assay
coefficients of variation for duplicate determinations were less than 3%. This enzyme
immunoassay has been cross validated with outside laboratories with excellent
correspondence to both DELFIA and mass spectrographic procedures (r2 = 0.85). Extraction
losses ranged from 10–15%. The slope of the diurnal decline in salivary cortisol for each
participant between 30 min after waking until 1600hr was estimated from the means at each
time for the three days at each phase during pregnancy using commercial software SPSS
(45).

Infant outcome data collection

Chart review of infant birth records were used to collect infant birth weight and gestational
age at delivery (in weeks). Gestational age was determined by last menstrual period. If this
was not known or not consistent with ultrasound dating, the earliest ultrasound was used to
determine gestational age. Early gestational age/preterm birth is considered infants born <37
weeks and low birth weight is infants weighing <2500g at birth.

Statistical Analysis

Correlations were used to determine associations of the continuous variables age, body mass
index (BMI) and parity on both acculturation and diurnal cortisol slope. One-way analyses
of variance (ANOVAs) were used to determine the effects of the categorical variables
education, employment status, marital status, family income and smoking history (groups as
represented in Table 1) on acculturation and diurnal cortisol slope. None of the demographic
variables were associated with either acculturation or cortisol slope (data not shown), except
for maternal age (see Results). Given evidence that maternal age is associated with adverse
perinatal outcomes, including early gestational age and low infant birth weight (46, 47), it
was included as a covariate in the following analyses. Since preterm birth is a strong
predictor of low birth weight (48), analyses of birth weight were co-varied for gestational
age at birth. Only three women reported smoking behavior early in pregnancy, albeit
minimal. Women who admitted to smoking early in pregnancy did not exhibit adverse
perinatal outcomes (early gestational age or low birth weight) and were included in analyses.

To capture acculturation quantitatively, this measure was evaluated as a continuous variable.
Multiple linear regression analysis was completed with perinatal outcomes (infant birth
weight and gestational age) as dependent variables and acculturation and maternal age as
predictor variables to identify models explaining the perinatal outcomes. Multiple regression
tests assessed the relationship between diurnal cortisol slopes (the dependent variable) and
acculturation and maternal age as predictor variables. T-tests were used to compare maternal
birthplace (US or Mexico) and acculturation scores as well as to compare dichotomized
perinatal outcome variables (low birth weight <2500g and preterm birth <37 weeks
gestation) and acculturation scores. In addition, a t-test was used to compare number of life
events and acculturation. Correlations were used to determine the relationship between
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perinatal outcomes and maternal cortisol slope. These analyses were conducted using a
commercial statistical package, SigmaStat 3.0 (SPSS Inc., Chicago). For those relationships
that reached significance, mediation analyses were then conducted in SAS using the steps
identified by Baron and Kenny (36).

Results

Sample characteristics

All women in this study self-identified as Hispanic/Latino and were of Mexican ancestral
origin. The mean age (± standard deviation) of mothers in the study was 28± 6 years. Parity
ranged from 0–7 with a mean parity of (± standard deviation) of 2.1±1.6. Only three women
in the study were primiparous. All other maternal demographics are included in Table 1.

Maternal age was significantly negatively correlated with acculturation indicating that less
acculturated women were more likely to be older (means±std; acculturated: 24.3±5.4, non-
acculturated: 30.1±4.5; r=−0.48, p<0.001; Pearson’s correlation). Mothers with an
acculturation score greater than 2.99 were considered acculturated as previously determined
(38). No other demographic variables were associated with acculturation or diurnal cortisol
slope.

Relationship between maternal acculturation and maternal birthplace

Maternal birthplace was significantly related to acculturation. Women born in the US had
significantly higher acculturation scores (mean±SEM: 3.51±0.18) than women born in
Mexico (mean±SEM: 1.40±0.06) (t=11.42, df= 54, p<0.001; t-test).

Relationship between maternal acculturation and perinatal outcomes

Greater acculturation marginally predicted lower infant birth weight when maternal age and
gestational age of the infant were considered as covariates (Table 2; Figure 1A), with higher
levels of acculturation tending to be associated with lower birth weights (p=0.07). However,
when considered as a categorical variable, birth weight was significantly related to maternal
acculturation scores. A t-test reveaed that mothers who gave birth to infants of low birth
weight (<2500g, clinical definition of low birth weight; n=9) infants had significantly higher
acculturation scores than mothers of infants with birth weight >2500g (n=46) (t=−2.95,
df=54, p=0.005; Figure 1B).

Acculturation significantly predicted gestational age as a dependent variable, even when
maternal age was considered as a covariate (Table 2; Figure 2A). Infants of more
acculturated mothers were more likely to be born earlier. Additional analyses investigating
the effects of acculturation on gestational age as a categorical dichotomy examined
differences in acculturation scores between those women who gave birth to preterm (<37
weeks; n=11) and term (>37 weeks; n=44) infants. A t-test revealed that mothers of preterm
infants had higher acculturation than mothers with term infants (t=−2.21, df=54, p=0.03;
Figure 2B).

Relationship between acculturation and maternal diurnal cortisol slope

Greater acculturation predicted a flatter diurnal cortisol slope late in pregnancy, even when
maternal age was considered as a covariate (Linear Regression; Table 3; Figure 3). There
were no significant relationships based on multiple linear regression analyses observed in
early pregnancy, mid pregnancy or during the postpartum period (Table 3).
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Relationship between maternal diurnal cortisol and perinatal outcomes

Infant birth weight was positively correlated with diurnal cortisol slope in late pregnancy.
Women who gave birth to lower birth weight infants exhibited lower diurnal cortisol slopes
(r=−0.29, p=0.05). However, no significant correlations were observed between infant birth
weight and maternal cortisol slope early in pregnancy (r=−.07, p=0.63), at mid-pregnancy
(r=−0.15, p=0.28), or during the postpartum period (r=−0.07, p=0.63). There was no
significant correlation between gestational age at birth and maternal diurnal slope cortisol
throughout pregnancy, including early pregnancy (r=−0.05, p=0.70), mid-pregnancy (r=
−0.003, p=0.97), late pregnancy (r=−0.08, p=0.59) or postpartum (r=0.03, p=0.82).

Mediation analysis between acculturation, diurnal cortisol slope and infant birth weight

Acculturation predicted infant birth weight (c=−133.70±54.32, p=0.04). The c statistic is
defined as the direct path between acculturation and infant birth weight. Based on the
mediation model of Baron and Kenny (36), a multiple linear regression was performed with
maternal cortisol and acculturation as predictors of infant birth weight. See Figure 4.
Maternal acculturation no longer significantly predicted birth weight (c’= −140.10±61.02,
p=0.30) when cortisol was included in the model. This suggests a shared variance of
acculturation and cortisol that predicts birth weight. In addition, significance in Sobel’s test
(ab= −27.0, p<0.01) points to cortisol as a potential mediator in the relationship between
greater acculturation and lower infant birth weight.

Relationship between maternal acculturation and total life events

Maternal self-report of life event(s) was significantly related to acculturation. As number of
life events report did not differ across pregnancy (F (2,53)= 0.94, p=0.39; one way repeated
measures ANOVA), a total sum number of life events across pregnancy was determined for
each pregnant women. Following a natural log transform to normalize the data, non-
acculturated women (mean±SEM: 8.9±1.3) reported a higher number of life events than
acculturated women (mean±SEM: 5.4±1.5) (t=2.05, df=53, p=0.046; t-test).

Relationship between maternal cortisol and total life events

Total life events during pregnancy was not significantly correlated with diurnal cortisol
slope early in pregnancy (r=−.02, p=0.87), at mid-pregnancy (r=−0.10, p=0.50), late
pregnancy (r= −0.254, p=0.08) or the postpartum period (r=−0.20, p=0.18).

Relationship between total life events and perinatal outcomes

Total life events during pregnancy were not significantly related to gestational age ( r=0.07,
p=0.59) or birth weight ( r=0.02 and p=0.88) as determined by Pearson’s correlation.

Discussion

The Mexican and Mexican-American population is the most rapidly growing population in
the United States (49), thus, the healthcare needs of women of Mexican descent must be
addressed in a culturally competent manner. This study is one of the first to examine a
possible mechanism, maternal cortisol during pregnancy, by which acculturation may
negatively affect perinatal outcomes in the US Mexican population. This study replicated
previous findings that higher levels of acculturation are associated with both earlier
gestational age and lower birth weight. Low birth weight, but not gestational age, was
associated with a blunted maternal cortisol slope late in pregnancy. In addition, higher levels
of acculturation alone predicted blunted maternal cortisol levels; implying acculturation may
have physiological consequences in the perinatal period that affect offspring outcomes.
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The Mexican population living in the U.S. experiences the social phenomenon of
acculturation. Those who have spent more time in the US often experience the negative
effects of acculturation, such that as the Mexican population adapts to mainstream US
culture, the worse their health outcomes (3). This can be especially detrimental during the
perinatal period, when proper development of a fetus and subsequent child development is
crucial. In the current study, greater acculturation levels were associated with decreased
infant birth weight and earlier gestational, both adverse perinatal outcome associated with a
host of negative childhood developmental outcomes (50–52). High acculturation has
previously predicted low infant birth weight (53) and early gestational age (54, 55),
replicated by this study. Acculturated women gave birth on average a day before 37 weeks,
which is clinically considered preterm birth (56) (means ± standard error: 38.9±0.2 and
36..9±0.7 weeks gestation, respectively). Birth outcomes can be significantly effected by
small changes in gestational age (57) and/or birth weight (58) reinforcing the significance of
the present observations. In addition, of the infants in the study, more preterm infants were
born to acculturated mothers (44.4%) than non-acculturated mothers (8.3%) and more low
birth weight infants were born to acculturated mothers (44.4%) relative to non-acculturated
mothers (2.7%). Given our data along with previous work, increased acculturation status
may be a risk factor for decreased birth weight and earlier gestational age at birth in the US
Mexican population.

A novel association between increased acculturation and a blunted maternal cortisol decline
across the day during late pregnancy was also noted. Flat diurnal declines have been seen in
stressed and depressed populations (26, 28, 31, 59, 60), suggesting the effects of
acculturation may share a final common pathway with similar adverse physiological effects.
This is especially likely since acculturation is considered a cultural stressor (34, 35). The
current results replicate previous work associating increased trauma (61) and depression (62)
with a blunted cortisol response in the non-pregnant US Mexican population. In addition,
ethnicity has been related to cortisol levels as both older Hispanic women (63) and Hispanic
adolescents (both male and female) exhibit flatter diurnal salivary cortisol patterns (64) in
comparison to their white non-Hispanic counterparts. In addition, higher allostatic load, as
determined by a variety of factors including various psychosocial, immune and plasma
cortisol measures (57), have been reported in US-born Mexican Americans relative to
foreign-born Mexicans (65). Increased allostatic load is associated with negative health
outcomes (66–68) and in the aforementioned study, acculturation negatively affected
metabolic measures (65). Other studies report higher perceived stress and depression during
pregnancy with an increase in acculturative status (69–71). The current study only reported
on number of life events, not perceived stress associated with these events, and found
acculturated women reported fewer life events than non-acculturated women. However,
despite this, acculturated women exhibited the flatter cortisol diurnal decline. Thus, it is
unlikely that exposure to stressors alone can explain why the acculturated women are
showing this altered physiological response, but less acculturation may play a role in the
buffering of negative perception of events, stressful or otherwise. The current study extends
previous work by monitoring cortisol diurnal slope during a critical developmental period
for the fetus, pregnancy, and related it to perinatal outcomes; birth weight and gestational
age.

There is not a consensus in the literature on the timing of effects of stress or cortisol on
adverse perinatal outcomes (2). However, as found in other perinatal studies (72, 73), our
data identifies the third trimester as an important time during pregnancy when maternal
cortisol may have unfavorable effects on perinatal outcomes via acculturation. In the current
study, acculturation was only measured once during pregnancy. Acculturation is a fairly
stable trait (41) tied to generation and should remain stable during pregnancy. Thus, changes
in acculturation during pregnancy are unlikely. Low birth weight was also associated with a
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blunted maternal cortisol slope late in pregnancy. While high acculturation has previously
predicted low infant birth weight (53) and increased cortisol is associated with low infant
birth weight in non-Latino Caucasian populations (2), this is one of the first studies to
identify that acculturation affects a physiological mechanism that may be leading to adverse
perinatal outcomes. There was no effect of maternal cortisol on gestational age at birth.
Separate relationships have previously been found between acculturation and preterm birth
(54, 55) and cortisol and preterm birth (2, 74), but no studies link these two relationships in
the US Mexican population. Thus, these data (i.e. more acculturated, altered biomarker) may
help us to identify which women may be at risk for delivering a low birth weight infant.

The slope of the maternal diurnal cortisol decline was found to statistically mediate the
relationship between acculturation and low birth weight, suggesting diurnal cortisol
regulation may be an important factor that contributes to the detrimental effects of
acculturation on perinatal outcomes. This is the first study to date to identify a potential
mediator between acculturation and its negative health outcomes. However, it is unlikely
that cortisol is acting alone. Aberrant cortisol rhythms are also associated with other
physiological mediators such as immune-related processes and alterations in additional
endocrine processes (74–76). These changes have also have been associated with low birth
weight (77, 78). Thus, further research on the interactions between cortisol and other
biomarkers such as inflammatory markers will help elucidate the role of cortisol in low
infant birth weight in at-risk populations.

There is considerable variability in acculturation measures (69, 79). Many measurements of
acculturation do not take into account the individuals perception of their own acculturation.
The SASH is a measure of language use and media (radio, TV) and ethnic social relations.
While the SASH has been associated with measures of time in US, age at arrival,
generational status, and cultural identity (38), it does not directly measure group and/or self-
identity which would have provided further information about the role of acculturation in
poor birth outcomes. More research needs to investigate the role of acculturation in risk for
adverse perinatal outcomes using a more comprehensive assessment that includes measures
of ethnic affiliation, social interactions and both group and self-identity in a larger sample.

This research adds to an understanding of factors that make more acculturated women of
Mexican descent more susceptible to negative perinatal outcomes. This study identified
maternal salivary cortisol as a potential risk factor in relationship with acculturation and
pregnancy outcome in the Mexican population. Together cortisol and acculturation
information may provide a means for assessing risk for perinatal outcomes in this vulnerable
population. By identifying interactions between psychosocial factors and biological risks in
the perinatal period, healthcare providers can identify risk for negative perinatal outcomes in
the Mexican community and determine effective forms of intervention.
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Acronyms

ANOVA analysis of variance

BMI body mass index

HPA hypothalamic pituitary axis

SASH Short Acculturation Scale for Hispanics

STD standard deviation

US United States
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Figure 1.
Acculturation predicts perinatal outcomes. A, Greater maternal acculturation marginally
predicts low infant birth weight (R2=0.56, p = .07, multiple regression). B, Mothers of low-
birth-weight infants (<2500g; n = 9) had significantly higher acculturation scores than
mothers of infants with birth weight greater than 2500 g (n = 45) (t = −2.21, df = 53, p =
0.005). Analyses are covaried for age, but age is not included in the figures. SASH = Short
Acculturation Scale for Hispanics.
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Figure 2.
Acculturation predicts gestational age. A, Greater maternal acculturation predicts early
gestational age at birth (R2 = 0.09, p = .03, multiple regression). B, Mothers of preterm
infants (<37 weeks; n = 11) had marginally higher acculturation than mothers with term
infants (n = 43; t = −2.95, df = 53, p = 0.03). Analyses are covaried for age, but age is not
included in the figures. SASH = Short Acculturation Scale for Hispanics.
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Figure 3.
Maternal acculturation score predicts maternal cortisol slope during late (34.3 [1.4] weeks of
gestation) pregnancy. A, A high acculturation score on the SASH predicts a flatter maternal
diurnal cortisol slope late in pregnancy (34.3[1.4] weeks of gestation; p = .01, multiple
regression). B, The diurnal curve for acculturated women is flat in comparison to
nonacculturated women in late pregnancy. Acculturation cutoffs were previously
predetermined: less than 2.99 for nonacculturated women and greater than 2.99 for
acculturated women (38). SASH = Short Acculturation Scale for Hispanics.
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Figure 4.
Maternal cortisol late in pregnancy may potentially mediate the relationship between
acculturation and low infant birth weight. Pathways a = 0.02 [0.006] (between acculturation
and mediator variable maternal cortisol) and b = −1353.12 [1290.73] (between mediator
cortisol and outcome variable infant birth weight) were both significant (p = .046 and p = .
30, respectively). Pathway c’= −104.10 [61.02] (acculturation predicting birth weight in
presence of cortisol) approached 0 (p = .31) and demonstrated that, once cortisol was
includedin the model, there was an absence of an association between acculturation and
birth weight (p = .31). Thus, this is consistent with the possibility that cortisol mediates the
relationship between the initial variable (acculturation) and outcome variable (birth weight).
Values are partial regression coefficients [standard errors].
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Table 1

Maternal characteristics

Characteristic N %

Age

  <20 2 3.6

  20–29 29 52.8

  30–39 22 40.0

  ≥40 2 3.6

Place of birth

    Mexico 31 56.4

    United States 24 43.6

Primary language

    English 32 58.2

    Spanish 20 36.4

    Bilingual 3 5.4

Employment status

    Unemployed 18 32.7

    Homemaker 22 40.0

    Part-time 9 16.4

    Full-time 6 10.9

Years of education

  <12 33 60.0

    12 17 30.9

  >12 2 3.6

  Unknown 3 5.5

Marital status

  Married 19 34.5

  Living together, not married 20 36.4

  Not living together, not married 13 23.6

  Separated 3 5.5

Current Smoking

  No 53 94.6

  Yes 3 5.4

Family Income

  <$10,000 18 32.7

  $10,000–$20,000 14 25.4

  $21,000–$25,000 11 20.0

  $26,000–$30,000 6 10.9

  >$31,000 3 5.5
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Characteristic N %

  Unknown 3 5.5

Pre-pregnancy BMI

  <18.5 3 5.5

  18.5–<25 18 32.7

25–<30 13 23.6

  ≥30 18 32.7

  Unknown 3 5.5
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