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Objective: To examine the potential moderating effects of family cohesion and acculturation
on the physiological stress response (cortisol) as a predictor of preterm birth (PTB) in pregnant
Mexican-American women.

Methods: The sample included 470 participants; 33 had preterm births. All participants were
self-identified as Mexican-American. In this cross-sectional study, family cohesion was mea-
sured by a self-report questionnaire. Acculturation was measured by self-report questionnaire
as well as by years in the United States and country of birth. Stress was measured by serum
cortisol. All measures were obtained at 22—-24 weeks gestation. Additional data including his-
tory of PTB were obtained from the health record. Data analysis was primarily conducted using
logistic regression.

Results: The relationship between stress and PTB was predicted by family cohesion (estimate/
standard error [E/SE]=-2.46, P=0.014) and acculturation (E/SE =2.56, P=0.011). In addition,
there was an interaction between family cohesion and history of previous PTB (E/SE =-2.12,
P =0.035).

Conclusion: Results indicate that the impact of cortisol on PTB is predicted by acculturation
and family cohesion such that higher levels of cortisol in conjunction with higher levels of
acculturation and lower levels of family cohesion are associated with increased risk of PTB. In
addition, low family cohesion in combination with a history of PTB was associated with higher
levels of PTB. Assessment of family cohesion, including problem solving, adherence to family
decisions, family shared space, and activity, should be included as part of prenatal assessment
for risk of PTB. Subsequently, interventions that focus on improving the individual’s response
to an imbalance in family functioning are needed. In addition, prenatal assessment of level of
acculturation may also identify those who are at risk for PTB.
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Introduction

Preterm birth (PTB), birth before 37 weeks gestation, is the most pressing problem
in obstetrics today. It is one of the leading causes of infant mortality and the leading
cause of infant morbidity and thus has tremendous health and economic costs for the
infant, family, and society.' There is evidence to suggest that PTB is a multifactorial
disease that may be the end point of subacute or chronic pathophysiologic changes
that occur before clinical symptoms of preterm labor are present.? A history of PTB is
one of the strongest known risk factors for PTB; women who have delivered preterm
once tend to deliver preterm in subsequent pregnancies,’ indicating that persistent
characteristics of the mother influence the probability of PTB.
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PTB is likely the result of an overlapping set of
interrelated social and environmental factors.'?> One of these
social factors is stress; there is much evidence that suggests
that women experiencing increased psychological or social
stress during pregnancy are at significantly increased risk for
preterm birth.*® Although differing research methods make
comparisons of effect size across studies problematic to
interpret, it has been reported that pregnant women reporting
high levels of psychosocial stress have a 25%—-60% increased
risk for PTB compared with women reporting low levels of
stress.*

The path from stress to PTB is complex, but stress
biology suggests several plausible directions, including the
maternal—placental—fetal neuroendocrine systems.”!! It is
postulated that, when the fetal-placental unit is exposed to
high levels of stress during pregnancy, a neuroendocrine
response is triggered with subsequent maternal endocrine
changes and preterm birth.” The hypothalamic—pituitary—
adrenal (HPA) axis and the locus ceruleus norepinephrine
(LC/NE) system are important pathways controlling the stress
response. Increased glucocorticoid activity (ie, increased
cortisol activity) is a characteristic of stress, having a wide
range of effects in the reproductive system.!?> Maternal
glucocorticoids such as cortisol are considered a major
candidate for the mediation of prenatal stress to the fetus and
a critical endocrine mediator of birth outcomes.*!>!* Under
a state of chronic stress, the regulatory mechanisms of the
stress response fail, leading to changes in cortisol levels.’
Some researchers suggest higher levels of acute stress are
associated with higher levels of cortisol, a biological marker
of stress, in pregnant women'*'* and that elevated maternal
cortisol levels are related to preterm birth.!*"'3 A recent review
of 15 studies examining the relationship between cortisol
and PTB revealed that the majority of studies reported a
relationship between maternal cortisol levels and PTB. In
addition, the diurnal slope of cortisol and elevations in the
first morning levels of cortisol have been shown to be linked
to PTB."?° The bluntness of the slope of salivary cortisol
(ie, a flatter response) has also been linked to chronic stress
and has been shown to be important to predict adverse birth
outcomes; cortisol levels may thus appear lower in a one-
time sample.?’ Several studies indicate that persons who
have experienced chronic stress have lower baseline cortisol
levels and a flattening of the diurnal cortisol slope.?!*> While
stress represents one of the few established direct effects
that predict PTB, it is not sufficient to reliably predict
this important pregnancy outcome. Hence, a step toward
increased understanding of the impact of stress on PTB is

the investigation of factors that may affect stress on women
during pregnancy.

One potential factor in the complex stress—preterm birth
connection is ethnicity.” The Mexican-American population
is of particular interest in this developing area of science and
clinical practice. The Mexican-American population has
grown by 43% in the USA over the past decade,’** a growth
surge driven by US births rather than by immigration.?*
Unfortunately, the preterm birth rate among Hispanics has
increased by 10% over the past decade,? and this increase
in prematurity has been only partly explained. Research has
demonstrated that, in the Mexican-American population, the
degree of acculturation involving the loss of traditional family
and social support may affect family cohesion and have a
direct effect on birth outcomes; Mexican-Americans who are
more acculturated have higher PTB rates.?”-*® For the purposes
of this investigation, acculturation may be considered an
ongoing process that occurs as immigrant groups gain
increasing exposure to the beliefs, traits, identifications,
and lifestyles of the dominant culture. This exposure and/
or transition to the dominant culture, versus maintenance
of the heritage culture, may cause stress and overwhelming
challenges for the women as they are also faced with the
challenges of being pregnant. We therefore proposed that
acculturation would increase the physiological stress response
of cortisol and increase the risk of PTB. In addition, Mexican-
Americans may encounter other particularly stressful life
situations such as lower socioeconomic status, as well as
difficulty accessing services and medical care.?” Because of
the centrality of the family in the Mexican-American culture,
we also proposed that family cohesion might be a protective
factor to buffer some of the stress during pregnancy.*

Therefore, a second potential factor influencing stress may
be family cohesion, defined as the feeling of connectedness
between family members.’! Definitions of family cohesion
usually also include affective characteristics of family
relationships such as support, affect, and helpfulness.>'**
It is purported that levels of cohesion are an index of the
interpersonal environment of the family and are associated
with family effectiveness in dealing with developmental
change and stress.* Indeed, researchers examining family
cohesion in a variety of populations have found that
perception of increased family cohesion predicted overall
emotional well-being and appeared to have a protective
effect against emotional distress and mental and physical
symptoms. 33

There is, however, a paucity of research describing the
mechanisms by which family cohesion and its interactions
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with the physiological stress response (eg, cortisol) may lead
to birth outcomes, particularly in Mexican-American women
at differing stages of acculturation. A cohesive family may be a
protective factor for acculturating women that is associated with
reduced stress, which can be measured by cortisol, a critical
mediator of birth outcomes.?” As part of a larger study with
multiple biomarkers of the endocrine and immune system that
used a psychoneuroimmunological framework,* the purpose
of this analysis was to examine the effects of two psychosocial/
cultural factors (family cohesion and acculturation) as potential
antecedents of the neuroendocrine stress response (cortisol)
to predict PTB in a cohort of Mexican American women at
midgestation. We hypothesized that:
1. Greater acculturation would predict higher cortisol levels
and a higher risk of PTB.
2. Lower family cohesion scores would predict higher
cortisol levels and a higher risk of PTB.

Materials and methods

Participants

This cross-sectional study of PTB in Mexican-American
women enrolled 470 women at 22-24 weeks gestation from
multiple locations in Texas from 2003—2007. Approximately
half the participants (n =279, 54%) were recruited from five
community clinics in the Austin area. The remainder of the
sample was recruited from a community clinic in the Houston
area (n= 68, 13%) and five private practice physicians’ clinics
in the San Antonio area (n =172, 33%). Women were included
only if they had a singleton intrauterine pregnancy, self-
identified as Mexican-American ethnicity, and were able to
read either Spanish or English. Convenience sampling was used
to recruit all women who met the inclusion criteria. Women
were excluded if they had any of the following conditions:
cervical or uterine abnormalities, preeclampsia at the time of
data collection (22—24 weeks gestation), congenital anomalies
determined by ultrasound, placenta previa and/or cervico-
vaginal bleeding, blood group isoimmunization, heart and/or
kidney disease, diabetes requiring medication, autoimmune
disorders, asthma requiring medication, use of oral steroids
within the last month, and diagnosis of a major mental
disorder. Women with gestational diabetes were included
only if they were diet-controlled at delivery. Participants
who developed preeclampsia after data collection and prior
to birth remained in the study. The study was approved by
the Institutional Review Board at The University of Texas
Health Science Center in San Antonio and the University of
Texas Medical Branch in Galveston; all participants signed
informed consent documents.

Procedures

The recruiter reviewed prenatal charts of possible participants
before 22 weeks gestation and recruited participants before or
after routine prenatal visits. The research nurse scheduled a
separate visit for the data collection during the 22- to 24-week
gestational period at which time the benefits and risks of the
study were described and informed consent was obtained in
either Spanish or English. Demographic data such as age,
income, marital status, education, insurance, nativity (foreign-
born versus US-born), gravidity, and parity, including history
of PTB, were collected along with questionnaires on family
cohesion and acculturation. Data collected from the prenatal
record included (1) height and pre-pregnancy weight to
calculate body mass index and (2) history of number and type
of infections up until the point of data collection. A urine
sample was collected for cotinine measurement and illicit
drug testing and venous blood was obtained for cortisol
measurement. Blood samples were obtained from a one-
time venipuncture from 1-3 pm only, to control for diurnal
variation in cortisol levels. Participants were encouraged to
relax in a comfortable chair and were given the questionnaires
first (30-minute period) to avoid increasing their acute stress
response immediately prior to the blood draw. After delivery,
maternal and infant outcomes were obtained from hospital
medical records. Ultrasound less than 20 weeks was used
as optimal dating criteria to establish gestational age at
delivery. PTB was defined as parturition before 37 weeks
0 days gestational age and included both spontaneous PTB
and medically indicated PTB due to preeclampsia.

Measures

Family cohesion

Family cohesion was assessed through a method developed
by Vega et al in 1986,% using the Family Adaptability and
Cohesion Evaluation Scales (FACES)-IL.*° This subscale
of FACES consists of eight items addressing topics such as
group problem solving, adherence to family decisions, family
shared space and activity, feelings of family closeness, and
enjoyment in family activities. Cronbach’s o was 0.84 for
the sample.

Acculturation

Acculturation was measured using a self-report instrument,
the Language Proficiency subscale (LPS) of the Bidimensional
Acculturation Scale (BAS) for Mexican-Americans.*!
The scale has high internal consistency and high validity
coefficients in Mexican-American and Central-American
people.** Psychometric analysis has shown that language
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items, compared with other constructs, explain most of the
variance of acculturation scales.” The LPS provides results
for English proficiency (considered part of the receiving
culture of USA), Spanish proficiency (considered more
traditional or retaining the heritage of the Mexican-American
culture), and bilingual participants (considered an integration
of both cultures). In addition to the LPS of the BAS, years
in the USA and country of birth were also used as measures
of acculturation.

Stress as measured by cortisol

After obtaining the blood, samples were centrifuged at
2000 rpm for 10 minutes. Shortly afterwards, the serum
was aliquoted into polypropylene tubes and stored at —80°C.
Cortisol was measured by enzyme-linked immunosorbent
assay (ELISA) and read spectrophotometrically using a
p-Quant R 141 reader (Bio-Tek Instruments, Inc, Winooski,
VT, USA). Cortisol was assayed with a kit from Diagnostic
Systems Laboratories (Webster, TX, USA). In order to
control for potential differences in laboratory technique, the
same laboratory technician conducted the analyses blinded
to subject names and histories. The interassay coefficient of
variation was less than 15%.

Statistical analysis

The primary goal of our analysis was to examine the effects
of family cohesion and acculturation to predict cortisol and
PTB. Prior to constructing statistical models, we assessed
seven potentially confounding variables to determine if
they were sufficiently related to the outcome to be included
in the final model. These were history of preterm birth,
preeclampsia, and marital status, infections during pregnancy,
maternal age, gravida, and gestation at data collection. We
included only confounding variables that demonstrated a
direct effect on the outcome due to the number of preterm
births (n = 33) in the sample. There are no firm guidelines
stating the number of covariates per event, but the heuristic
guidelines presented by Hosmer and Lemeshow* to avoid
over-fitting the data, indicate that a reasonable ratio of
covariates to events is ten cases for each covariate. Thus,
we used the following sequence to assess the potentially
confounding variables and interaction terms for inclusion
in models:* (1) Pearson’s y* tests between each of the
categorical independent variables and the outcome and -tests
using the outcome as an independent variable for each of the
continuous variables were conducted to determine whether
the variables were related to the outcome; (2) nonsignificant
variables in step 1 were excluded from the model using

a P-value of 0.20 to ensure that marginal effects are not
excluded; (3) each remaining variable was assessed in a
multivariable model; (4) categorical variables in the model
were assessed for appropriate categories and linearity was
assessed for continuous variables; and (5) interactions were
fit. The potentially confounding variables that remained after
this sequence, history of PTB and preeclampsia at delivery,
remained in all subsequent logistic regression models.
The statistical effects of family cohesion and acculturation
were assessed by constructing interaction terms, which, if
significant, indicate that the relationship between cortisol
and PTB is moderated (ie, the relationship varies in strength
depending on the value of the moderator) by family cohesion
and acculturation. We then fit our final models in which
family cohesion, cortisol, and the interaction between family
cohesion and cortisol were regressed on PTB. In a second
model, acculturation, cortisol, and the interaction between
acculturation and cortisol were regressed on PTB. In the
acculturation model, acculturation was a latent variable with
three indicators (language proficiency, years in the USA, and
country of birth). Cortisol was log-transformed to assure
a normal distribution. Mplus statistical software (Muthén
and Muthén version 7) was used to fit all logistic regression
models described in this phase of the analysis. SAS (version
9.2; SAS Institute Inc, Cary, NC, USA) was used for }* tests
and 7-tests.

Missing data

We used multiple imputations to account for missing data
using Mplus to generate 20 data sets in which the missing
values were replaced using Bayesian analysis* to generate
plausible values for missing data. The imputed data sets
were analyzed separately and results were combined to test
the null hypothesis that model parameters were zero across
the models using the 20 imputed data sets.

Results

Sample characteristics

Table 1 shows the characteristics of the sample. There were
33 PTBs in the sample, 28 spontaneous and five medically
indicated due to preeclampsia. There were significant
differences in the percentage of PTBs for participants with
a history of PTB compared to those without such history
and for participants who were born in the USA versus
those who were foreign born. There was a significantly
higher percentage of PTB for participants having a positive
Group B strep culture prior to delivery versus those who had
a negative culture. There were 33 total cases of preeclampsia
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Table | Sample characteristics

% total (n) % preterm (n)

Demographics

Age (n =470)
14-17 years 5.9 (28) 7.1 (2)
18-25 years 54.9 (258) 7.4 (19)
2640 years 39.2 (184) 9.2 (I1)
Household income, USD
(n=422)
<$25,000 71.1 (335) 6.9 (23)
=$25,000 17.7 (83) 84 (7)
Marital status (n = 469)
Married 42.4 (198) 7.6 (15)
Not married 57.6 (269) 6.7 (18)
Country of birth (n = 470)
US-born 31.8 (149) 10.1 (15)*
Foreign-born 57.6 (269) 5.6 (18)*
Education (n = 467)
<High school 83.3 (389) 7.2 (28)
>High school 16.7 (78) 6.4 (5)
Medical insurance (n = 466)
Yes 34.1 (159) 10.1 (16)
No 65.9 (307) 5.5(17)
Other characteristics
Body mass index (n = 459)
Underweight < 18.5 6 (28) 1.1 (3)
Normal 18.5-24.9 42.1 (196) 8.2 (l6)
Overweight 25-29.9 29 (135) 6.7 (9)
Obese > 30 23 (107) 4.7 (5)
Infection at delivery (n = 470)
uTl 3.6 (17) 59 ()
No UTI 96.4 (453) 6.8 (32)
GBS (n =430) 16.7 (72) 12.5 (9)*
No GBS 83.3 (358) 4.8 (17)
STI (n=434) 3.5 (15) 0(0)
No STI 96.5 (419) 6.7 (28)
PTB history (n =471)
Yes 79 (37) 16.2 (6)*
No 92.1 (434) 6.2 (27)
Preeclampsia at delivery
(n=433)
Yes 7.6 (33) 15.2 (5)*
No 92.4 (400) 6.0 (24)
Gravida (n = 463)
| 27.7 (128) 8.6 (I1)
2 30.2 (140) 3.6 (5
3 22.9 (106) 9.4 (10)
4 11.0 (51) 7.8 (4)
5 4.3 (20) 0.0 (0)
6+ 3.9 (18) 16.7 (3)

Notes: Percentages and frequencies represent the number of non-missing cases for
each of the sample characteristics. *P < 0.05.

Abbreviations: GBS, group B Streptococcus; PTB, preterm birth; STI, sexually
transmitted infection; UTI, urinary tract infection.

at delivery (five PTBs and 28 term deliveries). The data
from these participants were included in the analysis as their
stress (cortisol) levels did not significantly differ from those
participants without preeclampsia. Eighteen participants
were diagnosed with gestational diabetes prior to delivery

but after data collection; the data from these participants were
also included in the analysis as their cortisol did not differ
significantly from those who were not diabetic. Except for
one mother using an opiate who delivered a term low-birth-
weight infant, no other preterm or low-birth-weight infants had
mothers who used illicit drugs, determined by urine testing. In
addition, the number of smokers in the total sample was very
low (n = 3) and smoking was thus not used as a covariate.

The 33 PTBs included 15 births at 36 weeks, nine at
35 weeks, six at 33 weeks, one at 32 weeks, one at 31 weeks,
and one at 23 weeks. The percentage of PTB in this sample
was low (7%) compared to the national average of 12% for
Mexican-Americans. A possible explanation for this low
percentage is that a large number of participants were primarily
proficient in Spanish (n = 290) or born in Mexico (n = 320),
and were new immigrants in the USA. These participants had
a 5% PTB rate, in contrast to the 10% rate of the women who
were proficient in English (n = 178) or were born in the USA
(n=149). Thus, as predicted by the Hispanic paradox that states
that, despite worse conditions, Mexican-American immigrants
have healthier birth outcomes than Mexican-Americans
who are born in the USA, the majority of the women (new
immigrants) in our study had healthier birth outcomes, thus
lowering the percentage of PTBs.

Comparisons of acculturation

levels and family cohesion

Independent #-tests were conducted to determine differences in
family cohesion by acculturation using language proficiency
on the LPS. The mean of the family cohesion scale was
26.9 for the participants who had high English proficiency
(n =67) versus a mean of 29.8 for the participants who had
higher Spanish proficiency (n = 275) (¢t =—-4.05, P < 0.001
[confidence interval (CI) —4.32; —1.4]). The mean of family
cohesion was 30.5 for participants who scored in the bilingual
category (n=120; t=-3.73, P < 0.001 [CI -5.5; —1.7]).

Comparisons of acculturation

levels and cortisol levels

Independent #-tests were conducted to determine differences in
cortisol levels by acculturation using language proficiency on
the LPS. The mean of cortisol was 11.6 ng/mL for participants
who had high English proficiency versus 18.9 ng/mL for
participants who had high Spanish proficiency (n = 274)
(t=—-6.98; P < 0.001 [confidence interval (CI)1.05; —9.46]).
The mean of cortisol was 14.06 ng/mL for participants who
scored in the bilingual category (n=119) (t=-2.05; P=0.04
[C11.19; -4.82)).
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Model building

Steps in model building

In the first step in the five-step process we examined the
relationship between each independent variable and the
dependent variable. Two variables exhibited significant
bivariate relationships with preterm birth — history of preterm
birth (y? = 5.20, P = 0.02) and preeclampsia (}* = 4.09,
P =0.04) — and were thus retained in the second step. In the
third step, history of preterm birth (estimate/standard error
[E/SE] =2.26, P = 0. 024) and preeclampsia (E/SE = 1.96,
P = 0.050) remained significant in a multiple variable
model. In the fourth step, the linearity of the continuous
variables (cortisol, family cohesion, and acculturation) was
assessed; there were no significant non-linear relationships
observed. In the fifth step, all combinations of cortisol, family
cohesion, and acculturation were separately examined with
the two potentially confounding variables, history of PTB
and preeclampsia. The interaction between family cohesion
and history of PTB (E/SE -2.12, P = 0.034) was the only
significant interaction and was thus retained in models
containing family cohesion.

In analyzing the interaction between cortisol and
family cohesion, we estimated the odds ratio for cortisol
at 1 standard deviation below the mean of family cohesion
was 2.20 (P =0.017) and 0.69 (P = 0.110) at 1 standard
deviation above the mean. The odds ratio for family
cohesion at 1 standard deviation below the mean of cortisol
was 2.28 (P = 0.026) and 0.71 (P = 0.190) at 1 standard
deviation above the mean. That is, participants with lower
family cohesion were more likely to have higher cortisol
levels. In Table 2, we show that preeclampsia and the
interactions between history of PTB and family cohesion,
and cortisol and family cohesion are significant. These
interactions are seen in Figures 1 and 2, respectively. In
Figure 1, we see the paradoxical relationship between
family cohesion, cortisol, and PTB; when family cohesion

Table 2 Parameter estimates for family cohesion moderator model

Model parameter Estimate Standard Estimate/ P

error standard
error

Intercept -2.97 0.24 12.46 0.000
Preeclampsia 1.09 0.56 1.96 0.050
History of PTB 0.78 0.65 1.04 0.297
Stress (log cortisol) 0.20 0.18 .16 0.247
Family cohesion 0.24 0.23 1.07 0.285
History of PTB X family — —1.23 0.58 -2.12 0.034
cohesion

Stress X family cohesion  —0.58 0.23 -2.57 0.010

Abbreviation: PTB, preterm birth.

0.25
|

—— Low family cohesion
—— High family cohesion

0.20
|

Predicted probability of preterm birth
0.05
1

Log cortisol in z scores

Figure | Family cohesion and cortisol predicting preterm birth. Grey areas
represent standard errors. White areas represent regions of significant differences.

is high and cortisol is low and when family cohesion is low
and cortisol is high, the probability of PTB increases. In
Figure 2, we see a more direct relationship; when family
cohesion is high, it acts to decrease the risk of PTB when
there is a prior history of PTB, though this effect was
detected during routine model-building steps and should
thus be interpreted with caution.

In analyzing the interaction between cortisol and
acculturation, we found that the odds ratio for cortisol at
1 standard deviation below the mean of acculturation was

0

.
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Figure 2 Family cohesion predicting preterm birth. Grey areas represent standard
errors. White areas represent regions of significant differences.
Abbreviation: PTB, preterm birth.
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0.83 (P=0.311)and 2.12 (P=0.019) at 1 standard deviation
above the mean and that the odds ratio for acculturation
at 1 standard deviation below the mean of cortisol was
1.05(P=0.852)and 2.66 (P=0.002) at 1 standard deviation
above the mean. That is, more acculturated participants were
more likely to have higher stress responses as measured
by cortisol. In Table 3, we provide a model of PTB
predicted by acculturation where preeclampsia, history of
PTB, acculturation, and the interaction between cortisol
and acculturation are significant. The interaction effect of
acculturation and cortisol on PTB is seen in Figure 3, where
the probability of PTB rises with increasing acculturation
and increasing cortisol levels.

Because the final model contained more than the number
of recommended terms given the rate of PTB in the sample,
we confirmed the results of our primary findings using only
the interactions and the terms that comprise the interactions as
seen in Table 4. The cortisol by family cohesion interaction,
the family cohesion by history of PTB interaction, and the
acculturation by cortisol interaction remained significant in
the smaller model.

Discussion
The primary purpose of this analysis was to examine the effects
of two psychosocial/cultural factors (family cohesion and
acculturation) as potential antecedents of the neuroendocrine
stress response (cortisol) to predict PTB in a cohort of
Mexican-American women at midgestation. We hypothesized
that greater acculturation would predict higher cortisol levels
and a higher risk of PTB. This hypothesis was supported.
Acculturation was a direct predictor of PTB and predicted the
rise in cortisol, which then predicted PTB (see Figure 3). Thus,
acculturation may directly affect birth outcomes through the
physiologic stress response involving a rise in cortisol resulting
in negative birth outcomes, specifically PTB.

The second hypothesis was that lower family cohesion
scores would predict higher cortisol levels and a higher

Table 3 Parameter estimates for acculturation moderator model

Model parameter Estimate Standard Estimate/ P
error standard
error
Intercept -2.89 0.23 12.49 0.000
Preeclampsia 1.17 0.56 2.09 0.037
History of PTB 1.22 0.54 226 0.024
Stress (log cortisol) 0.28 0.18 1.62 0.104
Acculturation 0.56 0.22 2.55 0.011
Stress X acculturation 0.5 0.21 243 0.015

Abbreviation: PTB, preterm birth.

0.25
1

—— Low acculturation
—— High acculturation

0.05 0.10 0.15 0.20
1 1 1 1

Predicted probability of preterm birth

0.00
1

T T T T T
-2 -1 0 1 2

Log cortisol in z scores

Figure 3 Acculturation and Cortisol Predicting Preterm Birth. Grey areas represent
standard errors. White areas represent regions of significant differences.

risk of PTB. This hypothesis was partially supported.
Lower levels of family cohesion and rising cortisol levels
predicted an increased risk of PTB. However, there was
an unanticipated effect of high family cohesion levels
predicting lower cortisol levels, which were also associated
with an increased risk of PTB (see Figure 1). These results
are consistent with the idea that the HPA axis functions to
establish equilibrium, or homeostasis, in the face of adverse
stimuli, or stressors.!? Appropriate responsiveness of the
HPA axis is essential for a sense of well-being and positive
social interactions. The results of our analysis suggest that
an imbalance in family functioning (either too much or too
little) may be associated with disequilibrium in the HPA axis,
with resultant changes in cortisol that may affect pregnancy
outcomes. In other words, too much family cohesion and
possible family enmeshment or too little family cohesion
may lead to a state of chronic stress, resulting in HPA axis
dysregulation and subsequent PTB.

In addition to the hypothesized predictive effects of
acculturation and family cohesion, a routine assessment of
potentially confounding variables revealed that pregnant
women with a history of PTB had a higher risk of repeat
PTB if they had lower family cohesion.

An important implication of the results of this study is
that assessment of family functioning may be needed as
part of a prenatal risk profile for PTB in Mexican-American
women. Such assessments have been previously suggested
to identify different subgroups of risk for Mexican-
American women.* Our results, in part, replicated previous
results,* indicating that higher family cohesion may be
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Table 4 Supplemental parameter estimates for interaction models of family cohesion, acculturation and stress

Model Model parameter Estimate Standard Estimate/standard P

error error

Family cohesion Intercept -2.69 0.20 13.72 <0.001
Stress (log cortisol) 0.20 0.17 1.14 0.255
Family cohesion 0.02 0.20 0.08 0.936
Stress X family cohesion —-0.52 0.21 -2.46 0.014

Acculturation Intercept -2.61 0.20 13.35 <0.001
Stress (log cortisol) 0.31 0.17 1.87 0.061
Acculturation 0.51 0.21 243 0.015
Stress X acculturation 0.48 0.19 2.56 0.011

protective for health. Our results supplement this previous
work, but our findings suggest that family cohesion is
protective only if the stress response is not chronically
elicited resulting in an HPA dysregulation of cortisol. In
such circumstances higher family cohesion may lead to
poorer coping, chronic stress, and lower cortisol levels.
Other studies have indicated that erosion of family cohesion
or family bonding occurs with greater time in the USA.*
The findings of Cook et al*® implied that interventions to
prevent family erosion during the integration process of
acculturation are critical, especially for the mental health of
Mexican-Americans. Our findings of low family cohesion,
increasing levels of stress (cortisol), and increased risk of
PTB also indicate the importance of assessment of family
cohesion. Measures to assist families to decrease stress
and work together during the developmental period of
pregnancy and becoming parents may be vital. Referrals
to social workers and mental health professionals may be
indicated to assist with needed improvement in family
functioning.

Another important implication of our findings is that
this evidence adds to the body of knowledge of how
acculturation predicts PTB. Our results confirmed those of
D’Anna-Hernandez et al,* which showed that acculturation
predicted cortisol and, as such, is a risk factor for poor
pregnancy outcomes, in this case PTB. Previous work?
has indicated the risk of acculturation in relationship to the
reproductive hormones of progesterone and estriol, which are
biochemically related to cortisol. Cortisol and acculturation
levels may be important components of a risk profile to
predict birth outcomes in Mexican-American women,
a vulnerable population. By recognizing the interactions of
psychosocial and cultural factors with biological markers of
stress, health care providers can ascertain risks for PTB in
Mexican-American Hispanics. Further research is needed to
identify and test possible interventions to decrease the stress
response and improve the protective ability of the family, or

to teach the mother how to interact more effectively with her
family. It may also be important to consider the timing of
these results as they were obtained midpregnancy, and cortisol
may not predict as well earlier in pregnancy. Therefore, these
results may need to be replicated earlier in pregnancy to
determine predictive accuracy.

This study had several notable strengths. First, the sample
size was large enough to be able to detect variances in
cortisol levels and acculturation levels. The large sample also
facilitated ability to detect different levels of family cohesion.
Another strength was the biomarker measurement of stress,
adding physiological results to psychological and cultural
measures. Use of a latent variable of acculturation (country
of birth, years in the USA, and language proficiency) added
strength as well, providing additional dimensionality to the
concept of acculturation.

The study also had limitations. A principal limitation was
the use of a one-time cortisol measurement. This study was
part of a larger study that had multiple measures, including
urine, vaginal, and blood samples. Because of the many
biological samples being obtained, we decided to reduce
participant burden by only collecting blood for serum cortisol
measurement and to control for time of day in the afternoon
when the levels naturally are lower than with the awakening
response. Because of these methods, there was neither the
ability to measure diurnal slope, as may be done with several
measures when salivary cortisol is used, nor was there the
ability to measure the cortisol awakening response. Another
limitation to the study was the cross-sectional study design,
which limits the ability to detect true causal relationships.
The sample was a convenience sample, and as such, may not
be truly representative of the population. Finally, the small
number of PTBs (33) in the sample limited the number of
independent variables that could be used in developing the
prediction models.

Despite these limitations, the results from this study are
important and have potential major public health implications.
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This research adds to the understanding of factors that predict

cortisol and HPA dysregulation which has been implicated

consistently as part of the pathogenesis of PTB. Future

research might focus on a risk profile to refine and identify,

by family functioning and degree of acculturation, those most

at risk for PTB, and to identify novel therapies to reduce the

physiological stress response of cortisol.
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