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Abstract
Background Stress in pregnancy predicts adverse birth 
outcomes. Stressors occurring prior to conception may 
also pose risk for the mother and child. The few pub-
lished studies on preconception stress test a single stress 
measure and examine only linear associations with birth 
outcomes.
Purpose Guided by findings in the prenatal stress litera-
ture, the current study aimed to (i) identify latent fac-
tors from a set of preconception stress measures and 
(ii) examine linear and curvilinear associations between 
these stress factors and length of gestation.
Methods Study 1 utilized a sample of 2,637 racially/eth-
nically diverse women to develop a measurement model 
of maternal stress from assessments of seven acute and 
chronic stress measures. Factor analysis revealed three 
latent factors representing stressors (life events, financial 
strain, interpersonal violence, discrimination), stress ap-
praisals (perceived stress, parenting stress), and chronic 
relationship stress (family, partner stress). Study 2 exam-
ined the associations of these three latent preconception 
stress factors with the length of gestation of a subse-
quent pregnancy in the subset of 360 women who be-
came pregnant within 4.5 years.
Results Controlling for prenatal medical risks, there 
was a significant linear effect of stress appraisals on the 
length of gestation such that more perceived stress was 
associated with shorter gestation. There was a curvilinear 

effect of stressors on the length of gestation with mod-
erate levels associated with longer gestation.
Conclusions These results have implications for research 
on intergenerational origins of developmental adver-
sities and may guide preconception prevention efforts. 
Findings also inform approaches to the study of stress as 
a multidimensional construct.

Keywords:  Preconception ∙ Stress ∙ Gestational length ∙ 
Preterm birth

Introduction

A considerable body of  research implicates maternal 
stress during pregnancy as a potent influence in fetal 
development, adverse birth outcomes, and many infant 
and child developmental adversities. For example, pre-
natal maternal stress is prospectively associated with 
shorter gestational length and preterm birth [1–3]. 
Preterm birth in turn increases the risk for postpartum 
maternal complications and infant mortality [4], as 
well as infant developmental delays and behavioral and 
mental health problems in offspring [5–7]. Emerging 
evidence suggests that the biological and health con-
ditions involved in the etiological pathways to adverse 
birth outcomes originate prior to pregnancy; that is, 
these conditions exist before conception [8]. In fact, 
studies comparing the effects of  preconception stressors 
to prenatal stressors show higher relative risk for pre-
term birth, low birthweight, and infant mortality when 
the event occurred before conception [9–11]. The ex-
plosion of  research on early life adversity documenting 
powerful lifelong health effects of  major stressors 
occurring in childhood [12] further supports the need 
to examine stress processes during the months and 
years before conception. Moreover, this approach may 
identify modifiable stressors early enough to intervene 
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more effectively and improve maternal and child out-
comes [13].

A life course perspective posits that stressors occurring 
prior to conception contribute to a mother’s health cap-
ital, which in turn affects her body’s ability to cope with 
future stressors, including pregnancy [14]. The accumula-
tion of all preconception stressors, no matter when they 
occurred in a woman’s life or their nature or origin, are 
thought to increase the likelihood of adverse birth out-
comes. Others theorize that stressors occurring 6 months 
to 1 year prior, or just proximal to conception, can in-
fluence embryonic implantation and placental and fetal 
development [15]. This proximal preconception period 
(6–12  months before conception) has been the most 
closely studied in both the animal and human litera-
ture. Animal models indicate that offspring of rats ran-
domly assigned to stress exposures such as overcrowding 
or isolation, intermittent pain, or food/water depriv-
ation prior to pregnancy have higher risk for adverse 
neurodevelopmental outcomes at birth compared with 
those not exposed, and the effects last into adulthood 
[15]. Moreover, population-based studies of humans in 
the United States, Denmark, and Sweden have shown 
that exposure to stressful life events such as divorce or 
the death or illness of a close relative or loved one in the 
year prior to conception increases the risk for preterm 
birth (delivery at less than 37 weeks gestation) [9], low 
birthweight [10, 16, 17], and infant mortality [11]. Taken 
together, these studies point to 1 year prior to conception 
as a sensitive period when maternal stress may increase 
the risk for a range of adverse birth and offspring out-
comes. Yet, prior studies have typically included only one 
preconception stress measure, most often an inventory 
of negative life events, in order to test associations with 
birth outcomes [18]. Thus, the associations of different 
types of maternal preconception stress with birth out-
comes, and their independent contributions have not 
been tested.

Furthermore, the possibility of non-linear associ-
ations between maternal preconception stress and birth 
outcomes has not been addressed in this body of work, 
despite a small literature suggesting that a small or 
moderate degree of stress may be adaptive for the fetus 
[19]. Some researchers posit that the link between stress 
and child outcomes may mirror the U-shaped relation 
between arousal and performance (moderate arousal 
leading to optimal performance) previously demon-
strated in the psychological literature [20]. In other 
words, low and high stress may be detrimental, whereas 
moderate stress may prepare the fetus for the postnatal 
environment [21]. A  few studies show that moderate 
levels of anxiety, depression, pregnancy-specific stress, 
and general stress occurring during pregnancy predict 
better motor and cognitive outcomes in infants and chil-
dren [22, 23] but this relationship has not been tested 

with respect to pre-pregnancy or preconception stress. It 
is plausible given some continuity of preconception and 
prenatal  stress in women that curvilinear relationships 
also apply to preconception stress.

Types of Stress

Researchers continue to debate the concept of stress, 
emphasizing that it is not unidimensional in nature [24]. 
Rather, the stress process includes exposures to envir-
onmental stressors, events, or conditions that are ob-
servable in the social or physical environment as well as 
subjective responses involving individuals’ perceptions 
or appraisals of their ability to cope with those stressors 
[24–29]. Researchers also differentiate between episodic 
or acute stressors, which are characterized as discrete 
or time-limited, and chronic stressors, which are longer-
lasting challenges [24, 30, 31]. Studies examining stress 
in the prenatal period have identified multiple stress 
constructs including stress exposures, chronic stressful 
conditions, and perceptions of stress [2]. During preg-
nancy, acute or episodic stress exposures such as negative 
life events or major catastrophes have been more con-
sistently linked with the risk for preterm birth, whereas 
chronic stressors and emotional distress have more often 
been found to increase risk for low birth weight [18]. 
Although the type of stressor a woman encounters may 
have different implications for birth outcomes, multiple 
measures of stress have rarely been included in the same 
study during pregnancy [32–34], let alone studied before 
conception.

The current study has two aims: (i) To differentiate 
distinct and conceptually interpretable latent precon-
ception stress factors (i.e., a measurement model) from a 
fairly comprehensive set of  stress measures administered 
by interview to a large and racially/ethnically diverse 
sample of  women in the United States and (ii) To test 
the independent associations of  preconception stress 
factors with the length of  gestation within a subset of 
women who became pregnant again and had live births. 
Both linear and curvilinear effects were tested. The terms 
“preconception” and “interconception” are used inter-
changeably and variably in the literature. Sometimes 
“preconception” refers to the period before conception 
of  a first child, but more often it is now used to refer 
to the period before conception of  any child, which is 
how it is used here. In Study 1, we expected to find la-
tent preconception stress factors representing stressors 
and stress appraisals, consistent with theoretical stress 
frameworks [27, 28]. For Study 2, we hypothesized that 
episodic forms of  stress before conception would be as-
sociated with shorter gestational length based on prior 
evidence [35–37]. It is known that every day in the womb 
is of  benefit to fetal development especially toward the 
end of  pregnancy; thus, gestational length in weeks is an 
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important health outcome [38, 39]. The current study’s 
comprehensive measurement of  stressors and stress ap-
praisals prior to conception, tests for independent as-
sociations between latent factors of  stress and birth 
outcomes, and exploratory analyses of  curvilinear as-
sociations are all novel, and results may advance the 
understanding of  the biological and etiological path-
ways that lead to adverse birth outcomes even before a 
pregnancy begins.

Materials and Methods

Participants and Procedure

Participants for Study 1 were 2,637 mothers from the 
five sites in the Community Child Health Research 
Network (CCHN) study: Washington, DC, Baltimore, 
Maryland, Los Angeles County, California, Lake 
County, Illinois, and seven counties in eastern North 
Carolina. The CCHN is a multi-site research net-
work funded by the Eunice Kennedy Shriver National 
Institutes of Child Health and Human Development 
(NICHD) to investigate health disparities in pregnancy 
outcomes and biopsychosocial factors that affect ma-
ternal and child health [40]. The CCHN cohort included 
African-American/Black (53.4%), Latina (25.6%), and 
non-Hispanic White (20.8%) women who were recruited 
immediately after the birth of a child in predominantly 
low-income and diverse areas of the United States. As 
such, this sample includes more women of color and 
families living below or near the poverty level than many 

studies of prenatal health and child development. As the 
focus of CCHN was on maternal child health disparities, 
the study provides a rare opportunity to examine stress 
among those in a population with highest exposures.

The Institutional Review Board at each participating 
site approved the study. Participants were interviewed by 
trained community members in their language of prefer-
ence (English or Spanish) in their homes using structured 
interviews. The current study uses data collected from 
mothers 1 (Time 1), 6 (Time 2), and 12 (Time 3) months 
after the birth of a child (see Fig. 1 for a diagram of the 
study design). The majority of this sample (71%) were 
living at or below 200% of the federal poverty level. The 
average per capita household income, adjusted for cost 
of living, was $12,425.21 (SD  =  $20,542.39). Mothers 
were between 17 and 42 years old at Time 1 (M = 25.56, 
SD  =  5.63  years) and had completed an average 
12.91  years of education (SD  =  2.78). Approximately 
one-third (31.6%) of the sample was married, 28.1% 
were cohabitating but not married, and 40.4% were not 
married or cohabitating.

The sample for Study 2 includes 360 women who be-
came pregnant again during the study period and par-
ticipated in follow-up assessments after the birth of 
their subsequent child (interpregnancy interval ranged 
from 1.71 to 55.39  months, M (SD)  =  15.85 (10.33) 
months and was highly negatively skewed). Of the 
women who became pregnant again and were included 
in the follow-up sample, 67% were pregnant within 18 
months of giving birth. Data about birth outcomes and 
pregnancy risk from these subsequent pregnancies were 
obtained from medical records and supplemented with 

Index Pregnancy Interpregnancy Interval Subsequent Pregnancy

Subsequent Child Birth
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Mother chart review

T1: 1 month (2-16 wks)

T2: 6 months (24-39 wks)

T3: 1 year (50-65 wks)

Mother chart review

Index Child Birth

Fig. 1. Diagram of Community Child Health Network (CCHN) and subsequent child follow-up study design.
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self-report from structured interviews 1  month after 
the birth. In this Study 2 sub-sample, 43.8% identi-
fied as Black or African-American, 29.6% as Latina or 
Hispanic, and 26.6% as non-Hispanic White. The ma-
jority of this sub-sample (72%) had incomes at or below 
200% of the federal poverty level. The average per capita 
household income, adjusted for cost of living, was $13, 
275.57 (SD  =  $20,233.62). Mothers were on average 
25.22  years old at Time 1 (SD  =  5.10  years) and re-
ceived on average 12.62 years of education (SD = 2.75). 
Approximately one-third of this sub-sample was married 
(35.6%), 30.1% were cohabitating, and 34.4% were not 
married or cohabitating. Participants in Study 2 were 
more likely to be married (χ 2 (2) = 6.98, p < .05) and less 
likely to be Black (χ 2 (2) = 17.2, p < .001) compared with 
participants in the Study 1 sample. There were no other 
significant differences between the Study 1 and Study 2 
samples on other demographic variables.

Measures

Maternal Preconception Stress

Maternal stress measures were administered at one 
of the three timepoints across one year of study, all 
occurring prior to conception of a child for those in-
cluded in Study 2. Chronic Stress was measured using a 
CCHN adaptation of the UCLA Life Stress Interview 
[41] at Time 2.  This semi-structured interview assesses 
chronic demands on three life domains (family, partner, 
and co-parenting relationship). Trained interviews as-
signed objective scores in the three domains based on the 
content of the interviews. Discrimination was assessed 
using the Everyday Discrimination Scale [42] at Time 1 
(α =  .89 in English α =  .88 in Spanish). Scores on this 
measure were highly skewed and log-transformed prior 
to analyses. Financial Stress including Food Insecurity was 
measured using CCHN-developed survey items at Time 
1 (α = .69 in English α = .68 in Spanish). Interpersonal 
Violence (IPV) was measured using the HITS [43, 44] at 
Time 1 (α = .74 in English and Spanish). Data were highly 
skewed and log-transformed prior to analyses. Parenting 
Stress, which assessed stress related to parenting the 
child from their pregnancy before enrolling in the study, 
was measured with the Parenting Stress Index [45, 46] at 
Time 3 (α = .92 in English α = .94 in Spanish). Perceived 
Stress was measured using the Perceived Stress Scale [47] 
at Times 1-3 (Mean over three timepoints: α  =  .88 in 
English and α = .73 Spanish). Stressful Life Events in the 
past year was assessed using the Life Events Inventory 
[48] at Time 1 and Time 3. Given the theorized differ-
ence between exposure to the adverse events and the 
subjective response to them [24], and the equally potent 

predictive value of total number of events [49], total 
count of stressful life events was used.

Most of the measures of stress in the current paper 
have previously been used in Spanish in perinatal re-
search evidencing strong psychometrics where appro-
priate. The PSS is the most validated of the set with 
research in English and Spanish worldwide [this study, 
[50]. Life events inventories similar to this one have been 
translated and used as well in these prior papers and in 
many others. The Parenting Stress Index was used in 
the CCHN Study in Spanish and showed alpha coeffi-
cients over .90 for both English and Spanish (this study). 
Everyday discrimination has been used less often in 
Spanish speaking populations, but recent work has in-
vestigated the measures properties in Spanish [51]. The 
HITS for measuring IPV has been used in both English 
and Spanish previously [52] and is relatively brief  and 
straight forward. Finally, the UCLA Life Stress Interview 
is relatively new and well-validated in English but not 
Spanish as yet. It is an interviewer-completed measure 
based on a semi-structured interview, however, and not 
one based on self-ratings. Interviewers who administered 
interviews in Spanish in the present study spoke Spanish 
fluently and rated interviews in English.

Length of Gestation

Gestational length (weeks) was extracted from birth 
records/medical charts by trained research staff. 
Gestational length in weeks was treated as a continuous 
outcome. Eleven percent of the sample had preterm 
birth, defined as gestational length of less than 37 weeks. 
Birth weight was not examined in the current paper given 
its high correlation with gestational length (r = .60, p < 
.001) and interest in having an independent outcome, as 
well as a lower incidence of low birth weight babies.

Pregnancy Risk

Information regarding infections, hypertension, vascular 
and diabetes-related, and previous pregnancy conditions 
that increase risk for preterm birth was extracted from 
the participants’ medical charts (see Hobel et al. [53] for 
the full list of conditions examined). Conditions that 
significantly related to gestational length in the current 
sample (i.e., preeclampsia, hypertension, and history of 
preterm birth) were combined to create a binary variable 
coded as low risk (88%) or high risk (12%). Given that 
all pregnancies in the study were at least the mother’s 
second pregnancy, parity was coded using a binary vari-
able (0  =  second birth, 50%; 1  =  greater than second 
birth, 50%) and interpregnancy interval was calculated 
in months. Type of delivery, coded as spontaneous va-
ginal delivery (62%) versus other (i.e., induced vaginal 

4 ann. behav. med. (2020) XX:1–11

D
ow

nloaded from
 https://academ

ic.oup.com
/abm

/article-abstract/doi/10.1093/abm
/kaaa047/5873717 by guest on 20 July 2020



delivery, or scheduled or emergency C-section; 38%), was 
obtained from the medical chart. All pregnancy risk vari-
ables were examined as possible covariates. Only medical 
risk (low/high) was significantly related to gestational 
length (r  =  -.23, p < .01) and was therefore included 
in Study 2 models. Note that participant demographic 
characteristics (i.e., age, income, education, race/ethni-
city) were not related to gestational length (all p-values 
> .17).

Analyses

Study 1: measurement model

Using the larger CCHN sample, we first examined 
factors in the maternal stress data using exploratory 
factor analyses (EFA), allowing for up to four factors 
to emerge. The exploratory factor analytic model used 
maximum likelihood with oblique rotation, which al-
lowed for correlations among factors. Good (acceptable) 
model fit was determined based on recommendations 
from simulation studies that minimize Type I and Type 
II error rates: SRMR ≤ .05 (.08); RMSEA ≤ .05 (.08); 
CFI ≥ .95 (.90) [54, 55]. We replicated the best EFA so-
lution with a confirmatory factor analysis (CFA) using 
two random halves of the sample. In the CFA, the un-
standardized parameter estimate for the first predictor 
of each factor was set to 1 and other factor loadings were 
freely estimated. In the full sample, we used modifica-
tion indices to guide the inclusion of correlated residuals 
among maternal stress variables that were measured at 
the same time point. A  likelihood ratio test then com-
pared the model fit between the original measurement 
model and model with correlated residuals within time-
points. Further, we compared the parameter estimates 
and correlations among factors between the two meas-
urement models to assure that estimates were not chan-
ging substantially by adding correlated residuals.

Study 2: prediction of birth outcomes

Using the sub-sample of mothers who became pregnant 
with a subsequent child, a structural equation model 
(SEM) examined the associations between the identi-
fied maternal preconception stress latent factors from 
Study 1 and gestational length in weeks, controlling for 
medical risk during the pregnancy (see Supplementary 
Table 1 for descriptive statistics on study variables and 
Supplementary Table 2 for bivariate correlations among 
stress indicators and study variables). Linear and quad-
ratic relations between the preconception stress fac-
tors and gestational length were examined. Due to the 
smaller sample size with the SEM analyses (n  =  360), 
only one quadratic predictor of maternal preconception 
stress could be tested at a time. As a result, three models 

were examined, each with one quadratic predictor and 
three linear predictors of gestational length, controlling 
for mothers’ medical risk during her pregnancy. All ana-
lyses were run using Mplus software [56], which employs 
full information maximum likelihood estimation for 
handling missing data.

Results

Study 1

EFA results indicated that a three-factor solution fit the 
data best. The three-factor solution was significantly 
better than the one-factor (χ 2difference = 786.00, p < .001) 
and two-factor solutions (χ 2difference = 497.23, p < .001) and 
the four-factor solution did not converge. Each factor 
included measures that clearly loaded most strongly 
on that particular factor (no cross-factor loadings were 
above .25). Discrimination had the lowest factor loading 
(β =  .30). Analyses were run with and without the dis-
crimination variable and results from Study 1 and Study 
2 remained the same. The three-factor model had accept-
able fit: SRMR = .05; RMSEA = .06; CFI = .91. CFA 
replicated the three-factor model (see Table 1 for factor 
loadings and fit indices in the full sample). Inclusion of 
correlated residuals between variables measured at the 
same time-point, significantly improved the model fit 
(χ 2difference  =  326.75, p < .001) and model fit indices in-
creased from acceptable to good ranges (Table 1). The 
largest parameter change was .10 (T3 Negative Life 
Events). All other changes were less than .10, including 
inter-factor correlations (see Table  1 for model fit and 
parameter estimate comparisons and Fig. 2). The three 
latent factors were labeled: stressors, stress appraisals, 
and chronic relationship stress. Measures that loaded 
onto the Stressors factor included exposure to stressful 
life events, financial stress and food insecurity, interper-
sonal violence, and discrimination. The Stress appraisals 
factor included general perceived stress and parenting 
stress. The Chronic relationship stress factor included 
assessment of family, partner, and co-parenting stress.

Study 2

When testing the three SEM models that each included 
one quadratic effect, only the quadratic effect of stressors 
was significant. The final predictive model presented 
shows the linear effects of stressors, stress appraisals, 
and chronic relationship stress on gestational length and 
the quadratic effect only for stressors, controlling for 
mothers’ medical risk during her pregnancy (Table  2). 
Higher stress appraisal before conception was signifi-
cantly associated with shorter gestational length (linear 
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effect). There were significant quadratic effects of pre-
conception stressors on gestational length and, therefore, 
the linear effect cannot be interpreted. Interpretation of 

the quadratic effect indicates that low levels of stressors 
and high levels of stressors both relate to shorter gesta-
tional length, with longer gestational length associated 
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Fig. 2. Maternal stress measurement model (N = 2,637).

Table 1.  Model fit and standardized factor loadings in original measurement model and model with correlated residuals within variables 
measured at the same time-point (N = 2,637)

Fit CFI model CFI model with correlated residuals

χ 2 = 530, p < .001; CFI = .91; 
RMSEA = .06; SRMR = .047

χ 2 = 203, p < .001; CFI = .97;  
RMSEA = .038; SRMR = .036

Stress appraisals

 T1 perceived stress .72 .74

 T2 perceived stress .79 .78

 T3 perceived stress .68 .62

 T3 parenting stress .49 .43

Stressors

 T1 negative life events .71 .68

 T1 financial stress .49 .49

 T1 IPV .54 .55

 T1 discrimination .29 .30

 T3 negative life events .60 .50

Chronic Relationship Stress

 T2 family stress .48 .47

 T2 partner stress .91 .91

 T2 co-parenting stress .67 .67

Fit of the uncorrelated 3-factor solution was superior to the uncorrelated 1-factor solution (χ 2 = 1,316, p < .001; CFI = .75; 
RMSEA = .09; SRMR = .076; χ 2difference = 786, p < .001).
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with moderate levels of stressors prior to conception 
(Fig. 3). This quadratic effect remained significant when 
the other latent preconception stress predictors were 
removed from the model. Preconception chronic re-
lationship stress was not significantly associated with 
gestational length.

Discussion

This prospective longitudinal study measured many 
forms of stress in a large, diverse sample of predomin-
antly low-income women and derived three latent stress 
factors from the set of 12 stress measures. For those 
women who later became pregnant, we tested whether 
the derived stress factors independently predicted length 
of gestation in a linear or curvilinear manner. Results 
of both studies inform our understanding of maternal 
stress processes and of preconception stress and birth 
outcomes.

Consistent with the literature which distinguishes 
stress exposures from subjective responses [24, 25, 27, 
28, 30], Study 1 found support for two distinct stress 
factors representing stress appraisals (perceived stress 
and parenting stress) and stressors (negative life events, 
financial stress/food insecurity, interpersonal violence, 
discrimination). The stress appraisals factor captures 
the common definition of stress as perceived inability to 
cope with demands and feeling overwhelmed by ongoing 
stressors. The second latent factor, labeled stressors, rep-
resents more objective stressors and stress exposures. 
Notably, the stressors assessed in this study were mostly 
chronic ones, except for negative life events which in-
cludes both chronic and episodic stressors that may often 
have chronic sequalae (such as losing one’s job). We also 
found a third latent factor reflecting close relationship 
stress which included stress in family and partner re-
lationships and is of interest given that interpersonal 
stress is among the most potent stressors for health and 
wellbeing [57, 58].

Results from Study 2 showed that higher stress ap-
praisals before conception were linearly associated with 
shorter gestational length, controlling for medical risk 
and other types of stressors. Levels of stressors before 
conception, on the other hand, showed a curvilinear 
effect, independent of stress appraisals, chronic relation-
ship stress, and other covariates. Chronic relationship 
stress was not significantly associated with gestational 
length. The association between the latent stressors factor 
and gestational length reflects a moderate effect size (see 
Fig. 2 for associations of stressors with the number of 
weeks in utero), while the association between stress ap-
praisals and gestational length reflects a small effect size 
(for each one unit increase on the stress appraisals factor, 
time in utero decreased by 1 week). Given that every add-
itional day in utero benefits the fetus [38, 39], even small 
effects on gestational length have important implications 
for health and development.

These findings echo the conclusions from prior preg-
nancy research showing that the type of stress matters 
with respect to how it predicts specific maternal and 
child outcomes (e.g., gestational length vs. birth weight) 
[1]. These results extend our knowledge to stress before 
conception, providing information on even earlier pre-
dictors of gestational length. Notably, these findings 
may or may not apply to birth weight despite strong 
correlation between gestational length and birthweight 
in the current sample. Previous epidemiological studies 
during the preconception period have shown signifi-
cant associations between negative life events [9–11,16] 
or mental health measures [59] and adverse birth out-
comes, but did not examine extensive measures of stress 
like those in the current study. Further, past work has not 
considered whether associations with birth outcomes are 
linear or not. The present findings indicate that the na-
ture of the association of preconception stress with ges-
tational length depends on the type of stress and that the 
association may not be linear for stressors.

Table 2. Results from structural equation model of the linear and 
quadratic associations between preconception maternal stress and 
gestational length (n = 360)

Gestational Length

β (SE)

Stress appraisals (linear) -.19 (.06)**

Stressors (linear) .59 (.05)**

Stressors (quadratic) -.52 (.03)**

Chronic relationship stress (linear) .05 (.06)

Medical risk -.09

*p < .01
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Fig. 3. Curvilinear (quadratic) association between preconception 
exposure to stressors and gestational length (n = 360). Range of 
graph is restricted to the range of gestational length in the current 
sample (23–42 weeks).
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The linear effect of stress appraisals on the length 
of gestation is consistent with widespread theory that 
stress during pregnancy is not healthy for mothers and 
fetuses, and leads to more adverse outcomes. However, 
this work extends that to the time before a woman con-
ceives. High stress appraisals can adversely affect a preg-
nancy, particularly during embryonic implantation and 
placental and fetal development [15]. Greater appraisals 
of stress before conception may be consistent with a 
woman’s stress appraisal tendencies during pregnancy, 
suggesting that this risk factor that can be targeted for 
earlier intervention. One likely mechanism of this asso-
ciation is cardiovascular risk, which would likely remain 
stable from preconception through the prenatal period, 
and has been linked with high stress appraisal and risk 
for preterm birth [60, 61]. On the other hand, the linear 
effect of stress appraisals may also be specific to the 
preconception period.

Stress during the preconception period is thought to 
increase the risk for adverse birth outcomes via hor-
monal mechanisms that when dysregulated can set a 
stage for a less optimal pregnancy. Women with high ap-
praised stress levels are also likely to have dysregulated 
stress hormones [62–64]. Prior to pregnancy, these 
dysregulated stress hormones could contribute to the 
maternal physiological milieu in which conception oc-
curs and thus affect the placenta and/or fetal HPA axis, 
and mediate negative birth effects [65]. Consistent with 
this proposed mechanism, earlier work with this cohort 
demonstrated that maternal preconception cortisol was 
a stronger predictor of birth outcomes than prenatal 
cortisol [40]. In addition, behavioral mechanisms may 
be implicated. For example, behavioral preparations, like 
good nutrition, good sleep, moderate physical activity, 
or taking vitamins (e.g., folic acid) before a pregnancy, 
may be suboptimal under stress and negatively impact 
the fetus [66].

The curvilinear effect of exposure to stressors sup-
ports the view that not all stress is “bad stress” [20] and 
is consistent with previous suggestions that some stress 
in mothers may even be adaptive for the developing fetus 
[19, 21]. Our results show that a moderate amount of 
stressors was associated with the longest gestational 
length. As discussed in the stress literature and shown 
in our factors, exposure to stressors is separate from an 
individual’s appraisals of such stressors which also reflect 
their perception of their ability, or inability, to cope [24, 
27], and also distinct from their actual coping strategies 
which were not measured in the current study. Therefore, 
while the current findings highlight the unique contribu-
tion of stressors, independently from how they are ap-
praised, it is less clear how these two stress factors may 
interact. Women who have been exposed to a moderate 
level of stressors such as financial strain or negative life 
events may have developed adaptive coping strategies 

that serve them well, thus mitigating the adverse influence 
of stressors at moderate levels on pregnancy outcomes. 
Future studies with adequate power should examine how 
appraisal of stressors and coping may buffer against the 
adverse effects of stressors on birth outcomes. When 
stressors become more severe and possibly traumatic, as 
with IPV or more lifelong and chronic discrimination, a 
woman’s ability to cope effectively may be overtaxed and 
her physiology adversely affected, thus posing risk for her 
baby. It is not clear why women who have low levels of 
stressors before conception also have shorter gestations. 
Low stress may be confounded with other factors such 
as social isolation that account for the findings as noted 
in earlier work [29]. Given the novelty of this curvilinear 
analysis and finding, further research regarding women 
who report very low stress is warranted.

The longitudinal design of this study is a strength in 
that it enabled us to measure stressors before pregnancy 
and predict the outcome of a subsequent pregnancy. 
Another strength is that the study had measurements 
of multiple types of stress assessed with standardized 
measures by home interviews in a community sample. 
However, analyses did not adjust for stress in the pre-
natal period, precluding us from making firm statements 
about the unique associations with preconception stress 
based on these findings. It is possible that these types of 
stressors would continue to have impact during the pre-
natal period. We suggest that more confidence can be 
placed in the conclusion that preconception stressors are 
potent given that previous studies, including our own, 
have found stronger effects in the year prior to concep-
tion compared with pregnancy [10, 11, 16, 40]. Indeed 
some studies have found increased risk associated with 
preconception factors occurring as early as adolescence 
[67]. In this study, the timing of preconception measures 
ranged from 1 month to 4 years prior to conception which 
extends the preconception period beyond that typically 
examined in the literature which is no more than 1 year. 
Nevertheless, further investment in the study of precon-
ception and prenatal stress effects and pathways to birth 
outcomes is warranted and may widen the window for ef-
fective preventive intervention to improve maternal and 
child health. For example, if  health and psychosocial 
factors as early as adolescence are influential in future 
outcomes of pregnancy, then interventions at that time 
of life might be the most optimal for improving maternal 
and child health outcomes [68, 69].

Recognizing these strengths, the findings of the cur-
rent study should be considered in light of limitations. 
First, although diversity typically enhances generaliz-
ability, the racial, ethnic, and socioeconomic compos-
ition of the study sample may limit the generalizability 
of the findings to populations not sampled in this 
study. For example, participants in this study were pre-
dominantly low-income and may have increased stress 
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exposure compared with higher-income populations. In 
addition, the preconception stress measured in the cur-
rent study was assessed following a previous pregnancy 
and may reflect the outcomes of that pregnancy and the 
demands of parenting an infant. It is possible that the 
effects of stress on birth outcomes may differ as a func-
tion of parity. Further, the preconception stress variables 
were measured at different times in the study over the 
course of 1 year in the women’s lives. It is possible that 
the relationship stress factor was not associated with 
gestational length because it was the only factor meas-
ured at just one time point (T2) and may be a less reli-
able indicator. Finally, as noted, there was variability in 
the length of the interpregnancy interval and, therefore, 
variability in the timing of the measurement of the pre-
conception stress relative to the subsequent pregnancy. 
This limits the ability to pinpoint sensitive periods 
during which stress exposure may be most potent in the 
preconception period.

Current findings argue against conceptualizing stress 
as a unidimensional construct to study health at any time 
in life. Stress takes many forms, as is well known, yet 
conceptualization remains a topic of discussion [24, 70]. 
Systematic investigation of multiple stress constructs 
and examination of underlying stress processes promises 
more clarity in terms of which type of stress matters for 
which health outcomes, for which populations, and when 
in the lifespan. This study points to preconception as a 
highly sensitive period when exposure to stressors and 
appraisal of these stressors can increase risk for shorter 
gestational length and demonstrates that the forms of 
these associations may differ depending on the type 
of stress. Curvilinear results suggest that exposure to 
some stressors before conception may not increase the 
risk for preterm birth, while greater stress appraisals is 
consistently associated with shorter gestational length 
across the full range of values. In summary, this study 
contributes to our understanding of the biopsychosocial 
etiological pathways that increase risk for adverse birth 
outcomes even before a pregnancy begins.
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