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In the current study we examined whether or not stress at critical intervals during pregnancy, or stress
consistently experienced across the course of pregnancy was associated with gestational age in a (large)
multiethnic sample. After deriving a latent trait-state model of stress, we examined whether or not particular
components of stress (i.e., perceived stress, general anxiety, pregnancy-specific anxiety), or stress in general, at
specific time points or over time were associated with gestational age. Pregnancy-specific anxiety over the
course of pregnancy was associated with shorter gestation after controlling for a number of risk factors,
including history of diabetes, smoking, maternal age, and parity. Moreover, these findings suggest that the
relation between pregnancy-specific anxiety and gestational age was similar across ethnic groups. The
importance of modeling the components and timing of stress with latent variable methodology is discussed.
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Research in the last two decades has shown that stress results in psychological and
biological changes that may place persons at risk for health problems (Cohen et al .,
1995). These findings may be limited, however, due to the vast differences in how
researchers operationalize stress. The measurement of stress ranges from dispositional
indicators (e.g., trait anxiety) to environmental indicators (e.g., life events) to
perceptual indicators (e.g., perceived stress) and include response-based indicators
(e.g., generalized distress) of stress (Cohen et al ., 1995, Lobel and Dunkel-Schetter,
1990). The similarities and differences among these measures of stress (components) are
not well understood. A good first step is to conceptualize stress as a multidimensional
construct in which the commonalities of these various components of stress are
explicitly modeled. That is, the commonality among the measures of these stress
components potentially represents the ‘‘best’’ operational definition of stress. In the
current study, we introduce a statistical model of stress that provides a framework from
which the conceptual similarities among some of these components (measures) of stress
can be tested and ultimately used to predict outcome variables. Moreover, this model
allows researchers to examine the complex interrelationships between these components
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of stress and the modeling of stress constructs over time. Specifically, we examined the

dynamic and stable properties of stress in the context of pregnancy.
A growing literature suggests that prenatal stress is associated with preterm delivery

and shorter gestation (see Dunkel-Schetter et al. , 2000; Hoffman and Hatch, 1996;

Lobel, 1994; Paarlberg et al ., 1995 for reviews; however, see e.g., Hoffman and Hatch,

2000), although not all studies have demonstrated this relationship (cf., Peacock et al .,

1995). However, numerous issues that are key to clarifying these results remain
understudied and unresolved. Here we consider (1) critical periods of vulnerability in

the effects of stress during pregnancy and (2) particular components of stress that

influence birth outcomes. Pregnancy is characterized by dynamic changes in both

psychological and biological (e.g., neuroendocrine parameters) processes, and thus it is

curious that researchers have largely ignored issues such as timing, sequence, and

duration with respect to the pregnancy process. Moreover, it is unclear whether specific

components of stress (e.g., life events, perceived stress, general anxiety, or pregnancy-

specific anxiety) or stress in general (a composite of these stress measures) is a better

predictor of birth outcomes.
The timing of stress in pregnancy has potentially profound implications for birth

outcomes, but this issue is not well studied in humans (Dunkel-Schetter et al ., 2000;

Wadhwa et al ., 1993). There is some evidence to suggest that stress late in pregnancy

(third trimester), in comparison to early prenatal stress (second trimester), is more

predictive of preterm delivery (see Hedegaard et al ., 1993). Others, however, have

found that stress during late second trimester and early third trimester was associated

with decreases in gestational age (Rini et al ., 1999; Wadhwa et al ., 1993). Still others

have found that increased stress at a single time point in the second trimester was

associated with an increased risk of preterm delivery (Zambrana et al ., 1997). It is quite

possible that stress experienced throughout the course of pregnancy could also impact

birth outcomes in a cumulative manner. Schneider and Coe (1993) have found that

infant monkeys born to mothers exposed to stress throughout the course of pregnancy,

in comparison to mothers who were exposed to one stressful event in midpregnancy,

have infants with poorer motor abilities and more neuromotor problems. Because the
overwhelming majority of stress and pregnancy studies have used cross-sectional rather

than longitudinal designs (Lobel, 1994), meaningful comparisons of the effects of stress

at different time points and across time points during pregnancy have been lacking.
As noted earlier, stress has been operationalized in pregnancy studies by a myriad of

measures including various life events scores, perceived stress, trait anxiety, state

anxiety, pregnancy-specific anxiety, and generalized distress. The majority of past

research, however, has used measures of life event stress, trait anxiety, and state anxiety

(see Lobel, 1994). Much of this past research suffers from methodological weaknesses

and as a result the relation between stress and birth outcomes disappears when

controlling for demographic variables and medical risk (Lobel, 1994). More recently,

methodologically rigorous studies have found relations between specific components of

stress and birth outcomes. For example, Wadhwa et al . (1993) found that fear of labor

and fear of pregnancy outcome (indicators of pregnancy-specific anxiety) predicted

shorter gestation, and Hedegaard et al . (1993) have shown that general distress is

associated with shorter gestation and preterm delivery. The results of these and past

studies suggest that the predictive ability of stress is dependent on the particular stress

measure employed (see Lobel, 1994; Rini et al ., 1999).
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A promising approach involves the use of a multidimensional representation of

general stress that incorporates the commonality among indicators of environmental

(e.g., life events), perceptual (e.g., perceived stress), and response-based (e.g., anxiety)

definitions of stress. These factors are being used with increasing frequency, and some

researchers have begun to incorporate latent stress factors using structural equation

modeling (e.g., Lobel and Dunkel-Schetter, 1990). Use of latent stress factors allows

one to capture the common variance among indicators of stress (i.e., to develop a

measurement model). A handful of studies have examined stress-birth outcome

relations using latent representations of stress. Lobel et al ., 1992) defined stress using

measures of chronic state anxiety, chronic perceived stress, and life event distress; this

stress factor was a significant predictor of earlier delivery and lower birthweight.

Zambrana et al . (1997) used measures of life events, life event distress, and perceived

stress as indicators of stress, and this factor predicted shorter gestation in a cohort of

900 Mexican and Mexican-American women. Finally, Rini et al . (1999) used measures

of state anxiety, fear of labor and delivery, and fear of pregnancy outcomes as

indicators of stress, and this factor too predicted shorter gestation.
This latent variable methodology used in stress and pregnancy research, however, is

not without problems. First, observed indicators of a latent stress factor vary from

study to study and thus the latent stress factors, and the relations between these factors

and birth outcomes, may not be directly comparable. Lobel et al . (1992) found that

measures of perceived stress, state anxiety, and distress but not life event stress were

indicative of a latent stress factor, whereas Zambrana et al . (1997) used life events, life

event distress, and perceived stress as indicators of stress. Moreover, the indicators of

stress used by Rini et al . (1999) did not overlap with the indicators used in the previous

two studies. Second, these studies have not reported in full the unique relations between

latent factors for the specific components of stress (e.g., perceived stress, anxiety, life

events) and birth outcomes. Third, the factorial validity of stress constructs across

ethnic groups has not been well established. Rather than assuming that stress is

comparable across ethnic groups, the measurement properties should be examined such

that cross-ethnic measurement equivalence precedes substantive comparisons between

these groups.
In order to test for the possible impact of the nature of stress (i.e., general stress vs.

components of stress) and the timing of stress (i.e., at specific time points vs. across time

points), prospective longitudinal designs have been proposed. More recently, specific

statistical models such as the latent trait-state model (LTS; e.g., Dumenci and Windle,

1996; Kenny and Zautra, 1995; Schmitt and Steyer, 1993) have been developed to assess

these complex relations. Subsumed within the LTS model, latent factors representing

various combinations of the nature and timing of stress can be derived. First, a factor

representing general stress across time points can be created (referred to as trait1 stress).

Second, a factor representing general stress at each time point can be created (referred

to as state stress). Third, factors representing specific components of stress across time

points can be created (referred to as trait-specific2 stress). Once these factors are

1 The term trait is not used in its traditional sense here. It does not refer to a stable personality
characteristic as typically espoused by personality theorists. Rather, trait in this context refers to the
cross-situational consistency with which one has responded on a state measure.
2 See footnote 1.
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derived, conventional confirmatory factor-analytic techniques are used to exam the

validity of the measurement models.
A more detailed presentation of modeling longitudinal data in general and the LTS

model in particular follows. We assessed stress with three different measures (Perceived

Stress Scale [PSS], State Anxiety Inventory [STA], Pregnancy-Specific Anxiety Scale

[PSA] at three different occasions during pregnancy. The first longitudinal model is

referred to as the General State Stress Model (see Fig. 1). In this model the

commonality of each stress measure at a specific time point is modeled (i.e., the

commonality of perceived stress, state anxiety, and pregnancy-specific anxiety at Time

1, Time 2, and Time 3, respectively). These latent state factors, then, represent labile

aspects of stress measures at each assessed point during the course of pregnancy. The

second longitudinal model is referred to as the General Trait-State Stress Model (see

Fig. 2). This model is represented by the general state stress factors from the previous

model as well as a trait component that represents the dispositional nature of the stress

measures (i.e., the commonality of perceived stress [PSS], state anxiety [STA], and

pregnancy-specific anxiety [PSA] across the three time points). The third longitudinal

model is referred to as the Trait-Specific Stress Model (see Fig. 3). This model is

represented by a trait-specific component of stress that represents the dispositional but

unique aspects of the individual stress measures (i.e., the commonality of perceived

stress at Time 1, Time 2, and Time 3; and analogously for state anxiety and pregnancy-

specific anxiety). By incorporating trait, trait-specific, and state factors into a single

model, the LTS Model is realized (see Fig. 4). The previous models, then, are variants,

and are actually subsumed within the broad framework of the LTS Model. Thus, each

of these models (and other variants) was examined to determine which model best

represents stress across time. Once the ‘‘best-fitting’’ model has been identified, the

FIGURE 1 General state stress model. PSS�/Perceived Stress Scale; STAI�/State Anxiety; PSA�/

Pregnancy-Specific Anxiety. Error terms are omitted for clarity.
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latent factors of this model can be incorporated into a larger structural equation model

to predict outcome variables, such as gestational age in pregnancy research.
The average length of gestation for pregnancy is 40 weeks, but babies who are born

before 37 weeks completed gestation are more prone to neonatal complications. The

risk increases as the duration of gestation decreases. Therefore, identifying variables

associated with shorter gestation and preterm delivery is vitally important in reducing

FIGURE 2 Trait-state model for general stress. PSS�/Perceived Stress Scale; STAI�/State Anxiety;
PSA�/Pregnancy-Specific Anxiety. Error terms are omitted for clarity.

FIGURE 3 Trait-specific stress model. PSS�/Perceived Stress Scale; STAI�/State Anxiety; PSA�/

Pregnancy-Specific Anxiety. Error terms are omitted for clarity.
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indices of child morbidity and mortality as well as health care costs. This is particularly

important in socioeconomically and racially disadvantaged women who have a higher

incidence of infant mortality and morbidity and shorter gestations (see, e.g., Flack et

al ., 1995). Moreover, these individuals experience both a greater number of stressful

events and increased levels of distress (Seguin et al ., 1999).
Because psychosocial stress was linearly related to gestational age in past studies, and

because high stress is hypothesized to be a risk factor for preterm delivery, gestational

age was used as the focal birth outcome. Using the factors derived from the LTS model,

we examined the nature and the timing of the relations between prenatal stress and

gestational age. First, we evaluated whether trait, trait-specific, or state factor

structures of stress best represented the data. We hypothesized that the full LTS model

would best represent the stress measures. That is, we predicted that there would be

enough commonality among the stress measures to develop a latent construct of general

stress. However, we further predicted that there would be enough unique variance

associated with each individual stress measure that latent factors that were trait-specific

would be equally plausible. Second, we tested the relations between the stress factors of

the best-fitting LTS model and gestational age. These relations were assessed after

controlling for known risk factors. We hypothesized that general stress and each trait-

specific stress factor would predict shorter gestations. Third, we simultaneously

examined whether or not (a) the measurement properties of three stress instruments

(PSS, STAI, PSA) were equivalent (i.e., cross-ethnic measurement equivalence) and (b)

the stress-gestational age relation was consistent across three ethnic groups (cross-

ethnic structural equivalence). Some researchers (e.g., Hoffman and Hatch, 1996) have

suggested that United States ethnic groups experience stress to different degrees and

that this could influence the magnitude of stress-birth outcome relations in some

groups. Therefore, we hypothesized that stress-gestational age relations would be

FIGURE 4 Full latent trait-state model for stress. PSS�/Perceived Stress Scale; STAI�/State Anxiety;
PSA�/Pregnancy-Specific Anxiety. Error terms are omitted for clarity.
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stronger for both African-Americans and Latinas in comparison to Nonhispanic
Whites.

METHOD

Recruitment and Study Participants

Participants consisted of a large sample of pregnant women (n�/688) recruited from a
health maintenance organization and a public clinic and private suites of a major
metropolitan hospital in Los Angeles before their 20th week gestation. The larger study
involved three prepartum interviews and three prepartum administrations of standar-
dized psychological instruments, along with assessments of medical records for birth
outcomes and physiological measures.

Patients that were less than 18 years of age (n�/17), had a stillborn birth (n�/6), had
a multiple gestation birth (n�/3), quit after consenting to participate (n�/26), did not
have outcome (i.e., gestational age) data (n�/53), or did not have complete
psychosocial data (n�/165) were excluded from the analysis. Four hundred and
eighteen patients had complete birth outcome data and psychosocial data at all three
time points, and comprised the analysis sample. When the analysis sample was
compared to the group of individuals who quit after consenting to participate, did not
have gestational age data, or did not have complete psychosocial data, few significant
differences were found. With respect to demographic variables and sample character-
istics, the individuals who dropped out of the study were significantly older than the
analysis sample (M�/28.81 vs. M�/27.73; p�/0.02). However, the analysis sample had
significantly (pB/0.05) longer gestational ages (M�/39.56 vs. M�/38.02), experienced
less state anxiety at time 1 (M�/2.15 vs. M�/2.33), perceived stress at time 2 (M�/2.34
vs. M�/2.50), and pregnancy-specific anxiety at time 2 (M�/2.68 vs. M�/3.02).

The 418 patients for the analysis sample were comprised of 178 African-Americans
(42.6%), 145 Latinos (34.7%), and 95 Nonhispanic Whites (22.7%). The sample was of
low to moderate education level (M�/13.08 years of education, SD�/2.35), equally
split on marital status (49.3% married and 50.7% single [either separated, divorced, or
widowed]), and their mean annual family income was relatively low to moderate (24.4%
B/$10,000; 35.2% $10,000 to $30,000; 17.9% $30,001 to $50,000; 22.5% �/$50,000).
Medical data was obtained from medical records prenatally and after the delivery. With
respect to parity, 37.6% of the patients were nulliparous (first delivery) and 62.4% were
multiparous (previously delivered). The mean gestational age at birth was 39.56 weeks
(range�/35.71 to 42.43; SD�/1.30). The large majority (95.5%) of the analysis sample
delivered at term.

Measures

Medical Risk A number of medical risk factors were examined in the current study.
Thirty-seven conditions that tapped various risk factors were developed, based on
previous research (e.g., Lobel et al ., 1992, Zambrana et al ., 1997). These included items
from past obstetric/gynecological history (e.g., history of infertility), past medical
history (e.g., diabetes), current pregnancy risk factors (e.g., incompetent cervix), and
intrapartum complications (e.g., pyrexia). The most frequently occurring medical
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conditions included women who had anemia (29.9%), vaginal infection (28.2%),

history of gynecological surgeries (24.2%), flu syndrome (20.3%), low weight gain

during the second trimester (20.1%), vaginal bleeding (19.6%), urinary tract infection

(18.2), low body mass index (12.9%), pulmonary problems (11.3%), fever in pregnancy

(10.2%), uterine anomaly (6.7%), previous preterm births (6.5%), hypertension (4.3%),

and history of diabetes (3.8%). In addition, life style factors were also considered. Only

4.3% of the sample was currently smoking.

Perceived Stress (PSS) An 8-item abbreviated version of the Perceived Stress Scale

was administered to assess general feelings of stress during pregnancy (Cohen et al .,

1983). This scale measures the perceived unpredictability and uncontrollability of

general stress. Specifically, this scale asks how often in the last month subjects were

unable to control important things in their life, deal with daily hassles, cope with life

changes, handle personal problems, control irritations, and overcome difficulties; they

were also asked how often they felt that things ‘‘were not going well’’ and how often

they were ‘‘not on top of things.’’ This instrument has been used in several studies with

pregnant women (e.g., Lobel et al ., 1992; Moore et al ., 1991; Wadhwa et al ., 1993).

Responses were provided on a scale ranging from never (�/1) to almost always (�/5).

This scale was administered at the three time points. The mean, standard deviation, and

Cronbach alpha coefficients for each time point were: (a) Time 1 (M�/2.44; SD�/0.59;

a�/0.81), (b) Time 2 (M�/2.34; SD�/0.61; a�/0.84), and (c) Time 3 (M�/2.24;

SD�/0.64; a�/0.86).

State Anxiety (STAI) A 10-item shortened version of the State-Trait Anxiety

Inventory was used to assess subjective feelings of anxiety (Spielberger, 1983). This

version of the instrument is psychometrically sound, can be used on repeated occasions,

and has been used in previous pregnancy studies (see Istvan, 1986). Subjects are

presented with a list of adjectives and asked to describe their feelings in the last few

days. These adjectives include nervous , tense , jittery , and frightened . Responses were

provided on a scale ranging from not at all (�/1) to very much always (�/4). This scale

was administered at the three time points. The mean, standard deviation, and Cronbach

alpha coefficients for each time point was: (a) Time 1 (M�/2.14; SD�/0.57; a�/0.85),

(b) Time 2 (M�/1.97; SD�/0.56; a�/0.86), and (c) Time 3 (M�/2.02; SD�/0.56;

a�/0.87).

Pregnancy-Specific Anxiety (PSA) Four pregnancy-specific anxiety items were

derived from a factor analysis of a larger pool of items that asked about pregnancy-

specific affective states. Before responding to the mood adjectives, subjects were

prompted that they would be talking about ‘‘how they have felt about being pregnant’’

in the past week. Specifically, subjects were asked to indicate how often they had felt

anxious , concerned , afraid , and panicky in the past week. Responses were provided on a

scale ranging from not at all (�/1) to very much (�/5). These four items were similar to

items from the STAI except they referred explicitly to this pregnancy and were context-

specific. These items were administered at the three time points. The mean, standard

deviation, and Cronbach alpha coefficients for each time point was: (a) Time 1 (M�/

2.82; SD�/0.88; a�/0.72), (b) Time 2 (M�/2.65; SD�/0.88; a�/0.71), and (c) Time 3

(M�/2.80; SD�/0.83; a�/0.67).
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Procedure

Participants were assessed on three occasions during the second and third trimester of
pregnancy: Time 1 (M�/18.39 weeks, SD�/4.41), Time 2 (M�/27.88 weeks, SD�/

3.29), and Time 3 (M�/35.80 weeks, SD�/3.39). During each assessment, participants
completed questionnaires and then were interviewed in either English or Spanish by a
trained interviewer. Sociodemographic data was collected at the first time period; the
three stress measures were collected at all three time points; and the medical data was
collected during and after pregnancy.

RESULTS

Model Testing Strategy3

Model testing was conducted in three phases. First, a series of LTS models was assessed
to determine which factors (i.e., trait, trait-specific, and state) best represented the stress
data. Once the ‘‘best-fitting’’ model was determined, gestational age was added to the
model in phase 2 as the outcome variable. Also added at this step were direct paths
from seven control variables (maternal age, years of education, annual family income,
nulliparity, marital status, smoking behavior, and history of diabetes)4 to gestational
age and each stress factor.5 In phase 3, a multigroup analysis was performed to examine
the invariance of the factor loadings and factor variances/covariances (i.e., to establish
cross-ethnic measurement equivalence) and the stress-gestational age paths across the
three ethnic groups (to establish cross-ethnic structural equivalence). In all analyses,
each stress index at each time point (e.g., PSS-Time 1) was used as an observed variable;
there were nine observed stress variables.

Models to be Tested

In phase 1 of the data analysis, eight specific LTS models were tested and compared.
Model 1 was the general LTS model represented by Fig. 4. The second model tested was
the null or independence model, which specifies no relations among the observed
variables. Model 3 was the General Stress Model, which specifies paths from a general
stress factor to the nine observed variables; the individual stress measures at all three
time points were hypothesized to load on the same stress factor. Model 4 tested the
General State Stress Model in which factors were constructed to represent general state
stress at time 1, time 2, and time 3 (see Fig. 1). Model 5 was the General Trait-State

3 Life events were measured in this study but were not modeled because of low correlations with the
three other measures of stress (all r s B/0.15). Moreover, these correlations varied by ethnicity further
complicating the development of creating one latent stress factor with the four observed variables.
4 Maternal age, years of education, and annual family income were entered into the model as
continuous variables. Marital status, nulliparity, smoking, and history of diabetes were dummy coded
and entered into the model. Smoking was significantly associated with STA-Time 2, r (417)�/10, pB/

0.05) and STA-Time 3, r (417)�/0.12, pB/0.05, whereas a history of diabetes was significantly related
to gestational age, r (417)�/�/0.19, pB/0.05. Because of these relations, we controlled for these two
medical risk factors in models predicting gestational age.
5 In order to completely partial out the impact of the seven control variables, one must also specify
associations between the residuals of the stress factors and gestational age. We thank an anonymous
reviewer for emphasizing this point.
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Stress Model; this model is identical to Model 4 with respect to the construction of the
state stress factors, but a trait stress factor which specified a path from this general trait
(second-order) factor to each of the three general state factors was also specified (see
Fig. 2). Model 6 was the Trait-Specific Stress Model; these factors were formed by using
each time point as an indicator of its trait-specific factor (e.g., PSS-Time 1, PSS-Time 2,
and PSS-Time 3 were indicative of the trait-specific PSS latent factor; and analogously
for the STAI and the PSA. (see Fig. 3). Model 7 was the Trait-Specific and State Stress
Model; this model was identical to Model 4 with respect to the general state factors, but
three trait-specific factors from Model 6 were incorporated into the measurement
model. Finally, Model 8 was the Correlated Factors Trait-Specific Model. This model is
identical to Model 6 with the addition of correlations among PSS, STAI, and PSA
latent factors.

Main Analyses

The zero-order correlations among the stress variables are presented in Table 1. There
were significant positive correlations for the trait-specific correlations over time points:
among (a) PSS-Time 1, Time 2, Time 3; (b) STAI-Time 1, Time 2, Time 3; and (c) PSA-
Time 1, Time 2, Time 3. There were also significant positive correlations for the state
correlations: among (a) Time 1 PSS, STAI, and PSA; (b) Time 2 PSS, STAI, and PSA;
and (c) Time 3 PSS, STAI, and PSA. However, the magnitude of the correlations
between the PSS and PSA at each time point was much smaller than that of the PSS or
PSA with the STAI.

For each model, covariance matrices were estimated with maximum likelihood
estimation via EQS (Bentler, 1992). To test the fit of each model, the x2 likelihood ratio
test was used. However, because this test is dependent on sample size, the comparative
fit index (CFI; Bentler, 1990) and the root measure square residual (RMSR; see Hu and
Bentler, 1999) were used as indices of descriptive fit. As suggested by Bentler, CFI
values greater than 0.93 were used as indicators of well-fitting models. RMSR values of
less than 0.08 were used as indicators of well-fitting models (Hu and Bentler, 1999).

A summary of the LTS models is presented in Table 2. The full LTS model (Model 1)
fit well according to the descriptive fit index, however, one parameter was constrained
at its lower bound and two parameters were linearly dependent on other parameters of
the model. These conditions are indicative of poor-fitting models (see Bentler, 1992).

TABLE 1 Correlations among Perceived Stress, State Anxiety, and Pregnancy-Specific Anxiety

Variable (2) (3) (4) (5) (6) (7) (8) (9)

(1) PSS-Time 1 0.64* 0.61* 0.43* 0.39* 0.40* 0.20* 0.15* 0.18*
(2) PSS-Time 2 0.60* 0.38* 0.52* 0.41* 0.17* 0.17* 0.20*
(3) PSS-Time 3 0.35* 0.41* 0.53* 0.26* 0.21* 0.29*
(4) STAI-Time 1 0.60* 0.50* 0.47* 0.33* 0.32*
(5) STAI-Time 2 0.59* 0.37* 0.45* 0.40*
(6) STAI-Time 3 0.33* 0.31* 0.45*
(7) PSA-Time 1 0.56* 0.56*
(8) PSA-Time 2 0.68*
(9) PSA-Time 3

Note: Trait-specific correlations are presented in bold; state correlations are underlined. PSS�/Perceived Stress
Scale; STAI�/State Anxiety; PSA�/Pregnancy-Specific Anxiety.
*pB/0.01.
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Models 2 through 7 also fit poorly (all CFIs well below 0.90). Model 8, however, fit well
according to the descriptive indices. Moreover, this model fit significantly better than
Model 7, Dx2(6, N�/418)�/119.64, pB/0.05, which was the ‘‘best-fitting’’ of the
previous models. As shown in Fig. 5, all of the factor loadings and factor correlations
for this model were large, positive, and significant (pB/0.05). The factor correlations
between the PSS and STA, and between the PSA and the STA were particularly strong.
The factor correlation between the PSS and PSA was much smaller, suggesting that
there is less similarity between these two measures of stress.

In phase 2 of the model analyses, direct paths from the latent trait-specific factors of
Model 8 and the seven control variables to the outcome gestational age were specified.
The trait-specific effects of the PSS, STAI, and PSA on gestational age were of
substantive interest. Overall, this model fit reasonably well, x2(57, N�/418)�/203.34,
pB/0.05, CFI�/0.92, RMSR�/0.04. However, only the PSA had a significant effect on
gestational age (b�/�/0.17, pB/0.05). Patients who reported higher levels of
pregnancy-specific anxiety had shorter gestations. Neither PSS (b�/�/0.01, p�/0.05)

TABLE 2 Indices of fit for each model

Model x2 df CFI RMSR

1. Full LTS Model1 31.87 15 0.99 0.03
2. Null Model 1761.84 36 0.00 0.38
3. General Stress Model 602.01 27 0.67 0.12
4. General State Stress Model 1113.98 27 0.37 0.34
5. General Trait-State Stress Model 596.90 24 0.67 0.13
6. Trait-Specific Stress Model 452.11 27 0.75 0.25
7. Trait-Specific and State Stress Model 269.29 18 0.86 0.27
8. Correlated Factors Trait-Specific Stress Model 149.65 24 0.93 0.04

1Condition codes were given for this model, which is indicative of poor fit.
CFI�/comparative fit index. RMSR�/root mean square residual.

FIGURE 5 Trait-specific model of stress with correlated factors. Factor loadings and path coefficients are
standardized (*pB/0.05). Error terms are omitted for clarity.
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nor STAI (b�/0.07, p�/0.05) were significantly associated with gestational age when
all other relations were controlled for. The factor loadings and factor correlations
remained significant (pB/0.05) as shown previously in Fig. 5. In addition, among the
control variables, only the history of diabetes variable was significantly related to
gestational age (b�/�/0.13, pB/0.05), suggesting that individuals with a history of
diabetes had shorter gestations.

In phase 3 of the model analyses, the invariance (equivalence) of the factor loadings,
factor variances/covariances, and the stress-gestational age path across the three ethnic
groups was simultaneously tested. The overall model continued to fit reasonably well,
x2(372, N�/418)�/501.28, pB/0.05, CFI�/0.90, RMSR�/0.05. The unstandardized
factor loadings (ranged from 0.96 to 1.17), factor variances (ranged from 0.49 to 0.63)
and factor covariances (ranged from 0.17 to 0.38) were significant and equivalent across
ethnic groups.6 The structural path from PSA to gestational age increased slightly in
magnitude (unstandardized path coefficient�/�/0.18), remained significant (pB/0.05),
and was invariant across the three ethnic groups (p�/0.05). The structural paths from
PSS and STA to gestational age, respectively, remained nonsignificant but were
invariant across the three ethnic groups.

DISCUSSION

The results of the current study add to the growing body of literature indicating that
maternal stress is an independent predictor of gestational age. Using a relatively new
application of latent variable methodology, the results of this study extend existing
findings by showing that specific components of stress (rather than general stress) and
stress experienced at multiple time-points across the course of pregnancy are predictive
of gestational age. Specifically, pregnancy-specific anxiety (and not perceived stress or
state anxiety) experienced over the course of pregnancy was associated with shorter
gestation after controlling for known risk factors. Moreover, both the measurement
and substantive relations were invariant across three major ethnic groups (African-
Americans, Latinos, non Hispanic Whites).

While previous stress and pregnancy studies have used a variety of specific composite
measures of stress (see Lobel, 1994) or latent factors of general stress (e.g., Zambrana et
al ., 1997) to predict birth outcomes, the current study developed a latent factor and a
stress composite representing a pregnancy-specific anxiety component of stress, which
was predictive of gestational age. This finding is consistent with previous research using
indices of pregnancy-specific anxiety (Rini et al ., 1999; Wadhwa et al ., 1993). In these
and the current study, pregnancy-specific anxiety represented a phenomenological
stress factor (i.e., primarily affect) that is consistent with response-based definitions of
stress (see Lobel and Dunkel-Schetter, 1990). Mothers’ concerns about their own
health, their baby’s health, and the anticipated pain of labor and delivery are all
indicative of these anxieties about the pregnancy and are predictive of birth outcomes.

6 The Lagrange Multiplier test was used to evaluate the invariance of model parameters across groups.
Probability levels greater than the traditional 0.05 were used as indicators that a target parameter was
invariant across ethnic groups.
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Whether the origins of the anxiety are intrapsychic or based on the facts of pregnancy

or both is not known.
Beyond the components of stress issue, the timing of stress in predicting gestational

age was tested with stress across the course of pregnancy. That is, stress beginning as

early as 18 weeks gestation and continuing through the third trimester (as represented

by the trait-specific factor) was associated with shorter gestation. This finding suggests

that stress experienced consistently across the course of pregnancy is a good predictor

of gestational age. Methodologically this suggests that more complex multivariate and

longitudinal models of the stress process need to be incorporated into health and

medical research. However, a substantive comparison could not be made between the

predictive ability of the trait-specific factor representing stress and a model that

includes state stress, as the factors representing the latter did not fit well.
As the results of this study show, using latent stress factors and the LTS model has

important empirical and conceptual benefits. Latent factors explicitly model the

‘‘common’’ variance of stress measures while relegating irrelevant variance (both

systematic and random) to the error term, so that this error does not impact substantive

predictions. This approach conceptually and empirically enhances not only the

measurement of stress, but also the associations between stress factors and other

target factors or variables. In the current study, there were no significant zero-order

correlations between the individual stress variables and gestational age. Moreover,

when a pregnancy-specific anxiety composite was created by simply averaging PSA

scores across the three time points, the relation between pregnancy-specific anxiety and

gestational age was not significant. However, when the commonality among pregnancy-

specific anxiety at Time 1, Time 2, and Time 3 was modeled in the form of a latent

factor, the pregnancy-specific anxiety significantly predicted gestational age. By

forming this latent factor, the pregnancy-specific anxiety and gestational age relation

is disattenuated from measurement error and thus this relation is a good approximation

of the ‘‘true’’ population value (see Bollen, 1989). If a latent stress factor had not been

used, we would have concluded that a significant relation was not evident, when in

actuality this relation was underestimated due to error variance. This latter conclusion

would have been misleading.
The value of latent factors is further realized when incorporated into LTS models.

The LTS model provides a broader conceptualization of how stress is defined and how

it operates at single and over multiple time points. From this model, latent factors that

represent general stress at specific time points, general stress across time points, and

stress components across time points can be created. Thus, the conceptual similarity

and dissimilarity between measures of stress can be explicitly compared. From this

comparative analysis, the ‘‘best’’ representation of stress can be statistically determined.

Once this representation is determined, the stress factors from this model can be

assessed for their predictive ability with respect to birth outcomes or health-related

variables in general.
It is of considerable interest that the full LTS model did not fit well in the current

study. In short, in the full LTS model the extraction of state factors failed because of (a)

the high correlation among the measures of the three trait-specific factors and (b) the

low correlations between the individual measures of perceived stress and pregnancy-

specific anxiety at each time-point. With respect to the former, the three individual

stress measures were strongly correlated with their own measure over time (see Table 1).

MODELING STRESS 99



However, the correlation between the measures of perceived stress and pregnancy-

specific anxiety at each time-point was low, thus making it difficult for the general

state factors in the full LTS model to be correctly specified. Moreover, the second-order

general trait stress factor had very little variance to predict in the already misspecified

state factors. The trait-specific variation of the LTS model does, however, capture

stress for our target population. The stress that this population experienced, while

response-based, is specific to the anxieties that pregnant women experience. The

general perceptions of stress (as measured by the Perceived Stress Scale) and their

general feelings of anxiety (as measured by the State Anxiety Scale) appear to be

secondary and weakly related to the concerns that they have about the birth of their

child.
As usual, this study’s results have methodological and substantive limitations. First,

the indices of stress were appraisal- and emotion-based. While we attempted to

incorporate a life events measure in modeling the general stress factor, the associations

with measures of perceived stress, state anxiety, and pregnancy-specific anxiety were

exceedingly low. Thus the life events or environmental component of stress was not part

of the final analyses. Clearly more research to establish the factorial validity of latent

stress measures is needed. It should be noted, however, that some researchers (see

Cohen et al ., 1995) believe that environmental stressors are theoretically-distinct from

response-based measures of stress, and therefore should not be modeled as measures of

the same latent variable.7

Second, on a substantive level, the small percentage of women who delivered preterm

(only 4.5% of the women; n�/19) precluded us from running the LTS models on this

dichotomy. Thus the clinical significance of the findings cannot be determined. Finally,

while we controlled for a number of demographic variables, sample characteristics, and

medical risk factors, it might be the case that lifestyle factors could also explain shorter

gestations. We did, in fact, control for smoking in the current study, but other lifestyle

factors such as physical activity and alcohol/drug could also be related to gestational

age. Our results could also be biased due to the exclusion criteria imposed in the current

study. There were significant differences between the analysis sample and women who

were excluded. These differences included significantly longer gestational ages for the

analysis sample and significantly lower stress levels for the excluded women. The results

of this study should be viewed with caution in light of these findings.
In conclusion, this study highlights the importance of studying specific time periods

during which stress may influence birth outcomes and the particular components of

stress that influence these outcomes. By incorporating latent factors representing the

timing aspects of stress and the various components of stress, a clearer model of the

stress and pregnancy model can be developed. In addition, other known risk factors can

be incorporated within the framework of these models. Using LTS methodology, we

were able to show that women who experience higher levels of pregnancy-specific

anxiety (rather than general stress, perceived stress, or state anxiety) across their

pregnancy (rather than at critical time points during pregnancy) delivered their babies

earlier.

7 We thank an anonymous reviewer for bringing this important point to our attention.

100 S.C. ROESCH et al.



Acknowledgements

Many thanks to Nancy Collins, Regan Gurung and Chris Rini for their helpful
comments on previous drafts of this manuscript. The research was supported by
NICHHD grants from the National Institute of Health (R01 HD29553 and R01 HD
28413) to Calvin Hobel, M.D. and Christine Dunkel-Schetter, Ph.D. The first author
was supported by a Health Psychology Training Grant from the National Institute of
Mental Health (MH 15750). Please address correspondence with regards to this article
to either Scott C. Roesch, Ph.D., Department of Psychology, San Diego State
University, 5500 Campanile Drive, San Diego, CA 92182-4611, scroesch@sciences.sd-
su.edu or Chris Dunkel Schetter, Ph.D., Department of Psychology, UCLA, Los
Angeles, CA 90095-1563.

References

Bentler, P.M. (1990). Comparative fit indexes in structural models. Psychological Bulletin , 107, 238�/246.
Bentler, P.M. (1992). EQS structural equations program manual . Los Angeles, CA: BMDP Statistical

Software.
Bollen, K.A. (1989). Structural equations with latent variables . Wiley, New York, NY.
Cohen, S., Kamarck, T. and Mermestein, R. (1983). A global measure of perceived stress. Journal of Health

and Social Behavior , 24, 385�/396.
Cohen, S., Kessler, R.C. and Underwood Gordan, L. (1995). Strategies for measuring stress in studies of

psychiatric and physical disorders. In: Cohen, S., Kessler, R.C. and Underwood Gordon, L. (Eds.),
Measuring Stress , pp. 3�/26. Oxford University Press, New York, NY.

Dumenci, L. and Windle, M. (1996). A latent trait-state model of adolescent depression using the Center for
Epidemiologic Studies-Depression scale. Multivariate Behavioral Research , 31, 313�/330.

Dunkel-Schetter, C., Wadhwa, P. and Stanton, A.L. (2000). Stress and reproduction: introduction to the
special section. Health Psychology , 19, 507�/509.

Flack, J.M., Amaro, H., Jenkins, W., Kunitz, S., Levy, J., Mixon, M. and Yu, E. (1995). Panel I:
Epidemiology of minority health. Health Psychology , 14, 592�/600.

Hedegaard, M., Henriksen, T.B., Sabroe, S. and Secher, N.J. (1993). Psychological distress in pregnancy and
preterm delivery. British Medical Journal , 307, 234�/239.

Hoffman, S. and Hatch, M.C. (1996). Stress, social support and pregnancy outcome: A reassessment based on
recent research. Paediatric and Perinatal Epidemiology , 10, 380�/405.

Hoffman, S. and Hatch, M.C. (2000). Depressive symptomatology during pregnancy: Evidence for an
association with decreased fetal growth in pregnancies of lower social class women. Health Psychology ,
19, 535�/543.

Hu, L. and Bentler, P.M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: Conventional
criteria versus new alternatives. Structural Equation Modeling , 6, 1�/55.

Istvan, J. (1986). Stress, anxiety, and birth outcomes: A critical review of the evidence. Psychological Bulletin ,
100, 331�/348.

Kenny, D.A. and Zautra, A. (1995). The trait-state-error model for multiwave data. Journal of Consulting and
Clinical Psychology , 63, 52�/59.

Lobel, M. (1994). Conceptualizations, measurement, and effects of prenatal stress on birth outcomes. Journal
of Behavioral Medicine , 17, 225�/272.

Lobel, M. and Dunkel-Schetter, C. (1990). Conceptualizing stress to examine effects on health: Environ-
mental, perceptual, and emotional components. Anxiety Research , 3, 213�/230.

Lobel, M., Dunkel-Schetter, C. and Scrimshaw, S.C.M. (1992). Prenatal maternal stress and prematurity: A
prospective study of socioeconomically disadvantaged women. Health Psychology , 11, 32�/40.

Moore, M.L., Meis, P., Jeffries, S., Ernest, J.M., Buerkle, L., Swain, M. and Hill, C. (1991). A comparison of
emotional state and support in women at high and low risk for preterm birth with diabetes in pregnancy,
and in non-pregnant professional women. Journal of Perinatal Psychology , 6, 109�/127.

Paarlberg, K.M., Vingerhoets, A.J.J.M., Passchier, J., Dekker, G.A. and Van Geijn, H.P. (1995). Psychosocial
factors and pregnancy outcome: A review with emphasis on methodological issues. Journal of
Psychosomatic Research , 39, 563�/595.

Peacock, J.L., Bland, J.M. and Anderson, H.R. (1995). Preterm delivery: effects of socioeconomic factors,
psychological stress, smoking, alcohol, and caffeine. BMJ , 311, 531�/535.

MODELING STRESS 101



Rini, C.K., Dunkel-Schetter, C., Wadhwa, P.D. and Sandman, C.A. (1999). Psychological adaptation and
birth outcomes: The role of personal resources, stress, and sociocultural context during pregnancy.
Health Psychology , 18, 333�/345.

Schmitt, M.J. and Steyer, R. (1993). A latent state-trait model (not only) for social desirability. Personality
and Individual Differences , 14, 519�/529.

Schneider, M.L. and Coe, C.L. (1993). Repeated social stress during pregnancy impairs neuromotor
development of the primate infant. Journal of Developmental and Behavioral Pediatrics , 14, 81�/87.

Senguin, L., Potvin, L., St-Denis, M. and Loiselle, J. (1999). Socio-environmental factors and postnatal
depressive symptomatology: A longitudinal study. Women and Health , 29, 57�/72.

Spielberger, C.D. (1983). Manual for the State-Trait Anxiety Inventory . Consulting Psychologists Press, Inc.,
Palo Alto, CA.

Wadhwa, P.D., Sandman, C.A., Porto, M., Dunkel-Schetter, C. and Garite, T.J. (1993). The association
between prenatal stress and infant birth weight and gestational age at birth: A prospective investigation.
American Journal of Obstetrics and Gynecology , 169, 858�/865.

Zambrana, R.E., Scrimshaw, S.C.M., Collins, N. and Dunkel-Schetter, C. (1997). Prenatal health behaviors
and psychosocial risk factors in pregnant women of Mexican origin: The role of acculturation. American
Journal of Public Health , 87, 1022�/1026.

102 S.C. ROESCH et al.




