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Abstract
Background: To study in a large-scale cohort with prospective data the associations between psychosocial stress during
pregnancy and placenta weight at birth. Animal data suggest that the placenta is involved in stress-related fetal
programming.
Methodology/Principal Findings: We defined a priori two types of psychosocial stress during pregnancy, life stress
(perceived burdens in major areas of life) and emotional symptoms (e.g. anxiety). We estimated the associations of maternal
stress during pregnancy with placenta weight at birth, controlled for length of gestation, by predicting gestational age- and
sex-specific z-scores of placenta weight through multiple regression analysis, adjusted for potential confounders (N = 78017
singleton pregnancies). Life stress (per increase in stress score by 1, range: 0–18) during pregnancy was associated with
increased placenta weight at birth (z-score, reported in 1023; B, 14.33; CI, 10.12–18.54). In contrast, emotional symptoms
during pregnancy were not associated with placenta weight at birth.
Conclusions/Significance: Maternal life stress but not emotional symptoms during pregnancy was associated with
increased placenta weight at birth; yet, the association-estimate was rather small. Our results may contribute to a better
understanding of the role of the placenta in the regulation of intrauterine processes in response to maternal stress.
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maternal stress on placental growth, a putative key mediator in
fetal programming by maternal stress, has not yet been studied.
Our primary objective was to estimate in a population-based
cohort with prospective data, the association between maternal
stress during pregnancy and placenta weight. We a priori defined two
common forms of maternal stress, self-reported life stress in terms of
burdens in major areas of life, and emotional symptoms [8]. The
separation of these two major subtypes of maternal stress is based on
their possible differential effects on the fetus [9] and the stressorspecificity of biological responses [10,11], which may differentially
affect the placenta via different biological pathways [12].

Introduction
Changes in placental growth have been associated with adverse
health outcomes for mother and fetus [1,2]. Moreover, an adverse
intrauterine environment has repeatedly been associated with an
increased risk of cardiovascular and metabolic diseases and
premature mortality in adult life [3]. This phenomenon, referred
to as fetal programming, could have profound impact on public
health strategies for the prevention of major diseases [4].
Any disturbances in the maternal compartment, for example due
to environmental challenges, which impact on the fetus, will be
transmitted across the placenta. There is an increasing awareness
that the placenta responds to perturbations in the maternal
compartment with a wide range of structural and functional
alterations, including changes in placental growth [4,5,6].
The idea that psychosocial stress during pregnancy (‘maternal
stress’) influences the fetus, with long-term consequences into adult
life, has been repeatedly corroborated [7]. However, the impact of
PLoS ONE | www.plosone.org

Methods
Ethics statement
All participants gave written informed consent and the Danish
National Committee for Biomedical Research Ethics, Copenhagen, approved the study.
1

December 2010 | Volume 5 | Issue 12 | e14478

Pregnancy Stress and Placenta

emotional symptoms score (95% CI) in consulters and nonconsulters: 4.73 (4.63–4.83) and 2.64 (2.62–2.66), respectively).
Moreover, we tested the scale’s relationship with the Symptom
Check List-90R in a separate sample of pregnant women
(N = 64), relating the selected items with the Symptom Check
List-90R global severity index (Spearman-Rho correlation:
r = 0.917; P,0.001). The applied inventory on life stress during
pregnancy focuses on whether the women felt burdened in
major areas of life, including financial circumstances, housing,
work, relations, pregnancy, and health (Table 1), based on the
major categories of the Life Events Questionnaire [19]. We
tested the inventory’s relationship with a standard measure of
daily hassles [20] in a separate sample of pregnant women
(N = 65), relating nine comparable items with the total score
(Spearman-Rho correlation: r = 0.899; P,0.001). Life stress was
assessed by nine questions, each covering the time period since
the beginning of pregnancy. Answers (no = 0, a little = 1, a lot
= 2) were added up into a score (range: 0 to 18). We dealt with
up to two missing answers per score by using person-specific
mean substitution. Women with more missing answers were
excluded. In the analysis, we considered life stress and
emotional symptoms as continuous independent variables.

Study cohort
The present study is based on data of the Danish National Birth
Cohort [13]. Between 1996 and 2002, the Danish National Birth
Cohort enrolled 101,042 pregnancies into a nationwide longitudinal study that aims at following up the offspring cohort for
decades. We considered as eligible all pregnancies with live
singleton births.

Assessment of psychosocial stress
We studied two a priori defined types of maternal stress, (i)
negative emotional states (‘emotional symptoms’), and (ii)
psychological distress caused by burdens in major areas of life
(‘life stress’). We obtained information on maternal stress during
pregnancy from a computer-assisted interview taken around 30
weeks gestation. We defined life stress and emotional symptoms
as previously described [8,14]: The applied inventory on
emotional symptoms during pregnancy is a modified version
of the short version of the Symptom Checklist (SCL)-8d [15]
and covers self-reported maternal feelings (e.g. anxiety,
nervousness, for detailed description of items, see Table 1).
Items have been selected from The Symptom Check List-90R
[16] and The General Health Questionnaire [17], to cover the
most frequent emotional symptoms in adult women. Response
categories were adjusted to fit the telephone interview
conditions (see below). To prevent somatic confounding due to
physical conditions during pregnancy, we only included items
related to emotional symptoms, but none related to somatic
symptoms. Emotional symptoms were assessed by nine questions, each covering the time period since the beginning of
pregnancy. Answers (no = 0, a little = 1, a lot = 2) were added
up into a score (range: 0 to 18). We validated the scale according
to several types of validity [18]. Internal consistency among
items was satisfactory (Cronbach’s alpha = 0.75). Construct
validity was determined using two external validations, demonstrating that the emotional symptoms scale clearly distinguished
between pregnant women (i) suffering versus not suffering from
a mental disorder during pregnancy (two-sample t test with
equal variances: t1,63385 = 245.64; P,0.001; mean emotional
symptoms score (95% confidence interval, CI) in sufferers and
non-sufferers: 6.97 (6.68–7.26) and 2.72 (2.70–2.74), respectively), and (ii) having versus not having consulted a psychologist/
psychiatrist in the past (t1,63799 = 253.08; P,0.001; mean

Outcome measures
Placenta weight at birth is a summary measure of placenta
growth and development throughout pregnancy [21]. Placenta
weight was determined by trained midwives according to
standard procedures issued by the National Board of Health.
Each placenta was weighed with a regularly calibrated digital
scale between 15 to 20 minutes after delivery, including
membranes and umbilical cord. The placenta was neither
washed nor dried. Information on placenta weight was extracted,
together with information on other obstetric outcomes, from the
Danish National Hospital Register including the Medical Birth
Registry, which is linked to the Danish National Birth Cohort
database and covers all deliveries in Denmark. The hospital
registers provide accurate reporting of obstetric outcomes. To
account for length of gestation in the placenta weight at birth, we
calculated the sex-and gestational age (in days)-specific z-scores of
placenta weight (standardized residuals from the regression of
placenta weight at birth on gestational age at birth [linear and
quadratic terms] separately for males and females of the study

Table 1. Items used to assess life stress and emotional symptoms.

Life stress

Emotional symptoms

Have you felt burdened during pregnancy by any of the things I am
going to ask now? You may answer: no, a little or a lot.

Now I am going to ask you how you have been feeling during
pregnancy. You may answer: no, a little or a lot.

Have you been burdened by…

Have you felt…

1.

…financial circumstances?

1.

2.

…your housing situation?

2.

…hopeless about the future?

3.

…your work situation?

3.

…constantly under strain?

4.

…the relationship to your partner?

4.

…nervous or shaky inside?

5.

…the relationships to your family and friends?

5.

…blue?

6.

…your pregnancy?

6.

…easily annoyed or irritated?

7.

…own diseases?

7.

…everything was an effort?

8.

…disease of your partner, family members or close friends?

8.

…tense or keyed-up?

9.

…other things?

9.

…that everything was getting on top of you?

…scared for no reason?

doi:10.1371/journal.pone.0014478.t001
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Moreover, to determine whether the relationship between life
stress and gestational age-adjusted placenta weight could be
explained by related changes in gestational age-adjusted birth
weight, we performed mediation analysis using a bootstrapping
procedure (200 repetitions) developed by Preacher and Hayes
[31], using standard estimators. Sex-and gestational age (in days)specific z-scores of birth weight were calculated according to the
procedure outlined above for placenta weight (standardized
residuals from the regression of fetal weight at birth on gestational
age at birth [linear and quadratic terms] separately for males and
females of the study sample).
All tests were two-tailed and we set the level of significance at
.05. We dealt with loss to follow-up and missing data (i) in the
exposure scores and outcome variables by restricting analyses to
mother-newborn pairs with complete data, and (ii) in the
covariates by including an extra category for those with missing
information in the analyses (see Table S1).
For statistical analyses, we used Stata software (version 10.0 SE;
Stata Corporation, College Station, Texas).

sample) [22]. We included placenta weight as continuous
dependent variable.

Statistical analyses
We performed the descriptive analyses of maternal and infant
demographic, anthropometric, and clinical baseline characteristics
and of independent and dependent variables by calculating
frequencies and percentages of the discrete variables. We
calculated means and standard deviations for symmetrically
distributed variables and medians and ranges for variables with
non-symmetrical distributions, as distinguished by visual inspection of data plots.
To determine the associations of life stress and emotional
symptoms during pregnancy with placenta weight at birth, we
conducted linear regression analyses. To obtain less biased
estimates, we adjusted our model a priori for several well established
predictors of placenta weight that may confound or suppress
effects, including maternal age, infant sex, parity, maternal prepregnancy body mass index, occurrence of hypertension and
diabetes during pregnancy, and smoking status, with the categories
indicated in Table S1 [21,23,24,25]. We obtained information on
most of these variables from 3 computer-assisted telephone
interviews at approximately 12 and 30 weeks gestation and 6
months postpartum; information on infant sex was retrieved from
the Medical Birth Registry. We inspected residual plots to verify
linearity, normality, and homoscedasticity assumptions and
ensured that multicollinearity between covariates was generally
low based on variance inflation factors. We excluded 208
newborns with biologically unrealistic or extreme values in
obstetric outcomes such as the lowest and uppermost 0.1% of
placenta weight, and for body weight, body length, abdominal
circumference, and head circumference, all values lying outside
the range of their gestational age-specific mean +/2 3 standard
deviations, according to previously established growth charts
[26,27].
Altogether 4842 singletons were born to mothers who
contributed more than one pregnancy to the study. To correct
for possible dependence between birth outcomes in these infants,
all standard errors were calculated with use of the clustered
sandwich estimator. Moreover, we repeated all analyses including
only the first pregnancy of each woman in the cohort to control for
previous reproductive experiences [28].
We report unstandardized (B) regression coefficients, including
95% CIs, standardized (beta) regression coefficients, and, for
illustrative purposes, p-values for each of the predictors (life stress
and emotional symptoms). To additionally test whether the
regression coefficients of the predictors were robust, we crossvalidated each adjusted regression model by using the Chow-test
[29]: We split the total sample into two random parts, amounting
to 75 and 25% of the total sample, and created a new variable that
indicated to which sub-sample each case belonged. We then
computed two interaction terms by multiplying this grouping
variable by each of the two predictors. We re-performed the
separate multiple regression analyses in the total sample, including
the grouping variable as well as the interaction terms. A nonsignificant P-value of the interaction term indicates that the
assumption of no interaction, meaning no difference between the
75 and 25% sub-samples, is compatible with data.
To further explore whether the identified associations were
present across all levels of socioeconomic status, we performed a
posteriori analyses, in which we repeated the calculations, stratifying
according to the pregnant women’s socioeconomic status (based
on the mother’s occupation [30]).
PLoS ONE | www.plosone.org

Results
Study cohort descriptives
Out of the 101042 pregnancies initially enrolled in the Danish
National Birth Cohort (approximately 30% of all Danish births in
the study period and 60% of those invited to the study [13]), we
considered 92676 (92%) eligible for participation. Out of these,
85189 mothers (92%) completed the required interview at 30
weeks of gestation. Complete data on maternal stress during
pregnancy, placenta weight, length of gestation, and fetal sex were
available for 78017 (92%) of the remaining mother-newborn pairs
(Figure 1). Table S1 gives details on maternal and infant baseline
characteristics, including the stress scores, placenta weight and
covariates under study.

Multiple Regression Analyses
Table 2 presents the results of the multiple regression analysis
reflecting the associations of life stress and emotional symptoms
with the gestational age- and sex-specific z-score of placenta
weight at birth. After adjustment for maternal age, infant sex,
parity, pre-pregnancy body mass index, hypertension, gestational
diabetes, and smoking, higher life stress during pregnancy was
significantly associated with a higher z-score of placenta weight at
birth. There was no significant association between emotional
symptoms during pregnancy and the z-score of placenta weight at
birth. The adjusted model was highly significant (p,0.001) but
explained only 3.5% of the variance in the outcome measures.
Cross-validation confirmed the stability of the regression
coefficients of life stress and emotional symptoms across the two
random sub-samples (interaction sub-sample group x predictor: all
p.0.05). When we repeated adjusted analyses using only the
women’s first pregnancies, regression coefficients were of similar
magnitude as those presented in Table 2. Estimates of the
associations of life stress and emotional symptoms during
pregnancy, with placenta weight at birth not corrected for length
of gestation, are provided online (see Table S2). In addition, results
of the secondary analyses stratified according to the women’s
socioeconomic status are provided as supplemental material (see
Table S3).
Mediation analysis revealed that the direct association between
life stress and placenta weight accounted for 56.7% of the
observed total relationship between life stress and placenta weight
(B = 8.53, CI = 5.29–11.77, z-score, reported in 1023), while
43.3% of the observed total relationship between life stress and
3
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Figure 1. Flowchart of Study Participants.
doi:10.1371/journal.pone.0014478.g001

the stimulation of the insulin-like growth factor system may be
subject to a placental protein that is highly expressed early in
pregnancy, the pregnancy-associated plasma protein-A (PAPPA)
[42], which can be stimulated by stress-activated signaling
pathways [43]. Interestingly, recent data also suggest a role of
cytokines as potential mediators between stress during pregnancy
and placental growth. For example, elevated psychosocial stress
appears to be linked to lower interleukin 10 (IL10) concentrations
in early pregnancy [44], while il10 deficiency in mice increased
placental size by 28 percent [45]. Finally, in male mice,
psychosocial stress early in pregnancy significantly increased
expression of peroxisome proliferator-activated receptor alpha
(PPARa), insulin-like growth factor binding protein 1 (IGFBP-1),
hypoxia-inducible factor 3a (HIF3), and glucose transporter 4
(GLUT4) [32], suggesting a potential epigenetic mechanism
whereby maternal stress may directly affect placenta gene
expression patterns.
The fact that the relationship between life stress and placenta
weight accounts for only 3–4% of the variance suggests a potential
role for moderators affecting the strength of association between
maternal stress during pregnancy and placenta weight, for

placenta weight was mediated by changes in birth weight
(B = 6.24, CI = 3.96–9.09, z-score, reported in 1023).

Discussion
Our main finding was that life stress but not emotional symptoms
was moderately associated with placenta weight at birth controlled
for length of gestation, indicating that the placenta may play a role
in the regulation of intrauterine processes in response to certain
maternal adversities. Our findings corroborate evidence from
animal studies showing that stress may affect the placenta [32]. In
line with our results, previous human studies suggest that the
placenta has the potential for compensatory growth in response to
other adverse pregnancy exposures [33,34,35].
We do not know what biological processes mediate the
association between life stress and placenta weight, but the
insulin-like growth factor system and the placental growth
hormone system have an impact on placental growth
[36,37,38,39], and an increased production of insulin-like growth
factor hormones and placental growth hormone has been observed
in an unfavorable intrauterine environment [40,41]. Furthermore,
PLoS ONE | www.plosone.org
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Table 2. Adjusted and Unadjusted Regression Coefficients for Placenta Weight at Birth, Corrected for Length of GestationA
(Outcome), According to Life Stress and Emotional Symptoms During Pregnancy (Predictors) (N = 78017).
Parameter estimates of the crudeB model
D

B [95% CI for B]

Beta

Life stress

22.21 [17.95, 26.47]

0.043

Emotional symptoms

22.12 [25.32, 1.08]

20.006

Parameter estimates of the adjustedC model

B [95% CI for B]

BetaD

,0.001

14.77 [10.56, 18.98]

0.029

,0.001

0.193

21.20 [24.37, 1.97]

20.003

0.458

p

p

Placenta weight (ZS)

Crude Model: F(2,73174) = 63.13, P,0.001, R2 = 0.002
Adjusted Model: F(18, 73174) = 151.79, P,0.001, R2 = 0.035
Note. Life stress and emotional symptoms are continuous variables. CI = confidence interval.
A
As indicated by the gestational age- and sex-specific z-scores of placenta weight at birth. For convenience, the unstandardized regression coefficient estimates (B) (and
their 95% CI) for z-standardized dependent variables are presented in [*1023].
B
Crude model provided in support of transparency.
C
Model adjusted for maternal age, infant sex, pre-pregnancy body mass index, parity, hypertension, gestational diabetes, and smoking.
D
To provide statistical values, which allow comparison of results between separate regression analyses, standardized regression coefficient estimates (beta) were
calculated in addition to the unstandardized regression coefficient estimates (B). As the clustered variance estimation procedure does not provide betas, for illustrative
purposes, betas were calculated with the robust variance estimation procedure.
doi:10.1371/journal.pone.0014478.t002

example genomic variation. Indeed, several genetic factors have
been identified that are directly associated with placental growth,
such as the gene coding for the growth factor receptor-bound
protein 10 (GRB10) [46] and pleckstrin homology-like domain,
family A, member 2 (PHLDA2) [47]. While inactivation of the
maternally-inherited copy of the GRB10 and of PHLDA2 results in
placental growth enhancement [46,47], the potential of these
genes to negatively regulate placenta growth suggests them at the
same time as candidate resilience factors to protect the placenta
against stress-induced overgrowth. Besides this, recent evidence
indicates that polymorphisms in the gene coding for acid
phosphatase 1 (ACP1) are linked with the association between
environmental factors and feto-placental co-development [48].
This provides the hypothesis that the genetic make-up may also
moderate the association between maternal stress and placenta
growth. But also non-genomic factors may act as potential
moderators. For example, the above-mentioned work by Coussons-Read and colleagues [44] points to the importance of social
support which may act as resilience factor against stress-related
changes in cytokine production that may increase occurrence of
poor pregnancy outcomes [49]. In sum, several biological
mechanisms are candidate mediators or moderators of the
association between maternal stress and placenta weight. These
should be scrutinized in future studies.
Our findings may have different implications. First, the placenta
plays a major role in fetal growth [50], and fetal growth depends
on placenta weight across the entire range of the growth spectrum
[51,52]. Hence, increased placenta weight after maternal life stress
may compensate for reduced fetal growth or lead to increased fetal
growth. In line with the latter, we have recently shown in the same
sample that maternal life stress was associated with increased
offspring weight at birth [14]. However notably, 56.7% of the
association between life stress and placenta weight was independent of related variation in birth weight. This suggests that the
relationship between life stress and placenta weight is predominantly reflective of a process independent of fetal growth. Second,
while maternal psychosocial stress may also be one important risk
factor for preterm birth [53], and corticotropin releasing hormone
(CRH), which is highly expressed in the placenta [54] in
concentrations positively related to placental mass [55], is involved
in the timing of parturition [56], the role of placental CRH as a
putative physiological mediator bridging maternal stress and
PLoS ONE | www.plosone.org

reduced length of gestation remains weak [57,58]. Third, high
placenta weight has previously been shown to be a risk factor for
hypertension in the offspring and maternal cancer [1,2], indicating
that in concert with other risk factors, increases in placenta weight
related to common stress may be clinically relevant.
Important strengths of this study include the prospective data
collection for a total of 78017 mother-newborn pairs allowing to
detect even subtle associations, the linkage of a comprehensive
medical birth registry providing data which we expect to be
without systematic measurement errors, and the definition of
maternal stress with a focus on everyday occurrence (rather than
rare disasters), which has major relevance within the general
population. Moreover, we were able to adjust our analyses for a
number of major potential confounders. Therefore, we believe it is
unlikely that residual confounding has biased our results but our
findings need to be corroborated in an independent data set.
Further, we verified the stability of our results by cross-validation
and repeated all analyses including only the first pregnancy of each
woman in the cohort to control for previous reproductive
experiences [28], which resulted in no relevant change in the
estimates. Finally, life stress and emotional symptoms scores in the
study cohort were comparable to previously reported degrees of
life stress and emotional symptoms in adults [15,19]. However, the
here reported scores were lower than depressive symptoms scores
assessed by the Edinburgh Postnatal Depression Scale, in pregnant
women [59]. This may be due to a lower sensitivity of the response
categories of our scales.
There are also limitations. First, we did not have data on the
timing of stress exposure, which has been shown to play a role in
the relation between maternal stress and placental changes in
animals [32]. However, both life stress and emotional symptoms
most likely reflect rather chronic stress states, which are often
impossible to time precisely. Second, we used information on
placenta weight at birth, controlling for length of gestation by
calculating gestational-age adjusted z-scores [22], but we did not
have data on growth rates for any time periods of gestation. To
obtain more detailed data on the relationship between perceived
maternal stress and placental growth trajectory, future studies
should use repeated placental ultrasound measures [60]; this is,
however, almost impossible within a population-based cohort.
Of all eligible mother-newborn pairs, 92% participated in the
required interview, and of these, we included 92% in our analyses.
5
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However, on the basis of the good retention rate and the high
percentage of complete data, we think it is unlikely that loss of
mother-newborn pairs has introduced relevant bias.
As the interview in which information on maternal stress was
assessed was taken between 6 and 7 months of gestation, no
information on maternal stress was available for those pregnancies
that terminated before the interview and, hence, these mothernewborn pairs were excluded from our analyses. Consequently, we
have limited data on extreme preterm births. Moreover, the
relationship between life stress and gestational age-adjusted
placenta weight might not be generalized to pregnant women
with a low socioeconomic status. The reasons should be
scrutinized in future studies.
Future studies are also needed to learn about the underlying
physiological mechanisms and clinical relevance of the observed
associations. As placenta weight only gives crude insights into the
role of the placenta in fetal programming of long-term health [61],
stress-related alterations in placental structure and function should
be addressed in more detail.
In this cohort, common life stress but not emotional symptoms
during pregnancy was associated with moderately increased
placenta weight at birth controlled for length of gestation.

regression coefficient estimates (B). As the clustered variance
estimation procedure does not provide betas, for illustrative
purposes, betas were calculated with the robust variance
estimation procedure.
Found at: doi:10.1371/journal.pone.0014478.s002 (0.03 MB
DOC)
Table S3 Adjusted and Unadjusted Regression Coefficients for
Placenta Weight at Birth, Corrected for Length of Gestation
(Outcome)A, According to Life Stress and Emotional Symptoms
During Pregnancy (Predictors), Stratified According to Socioeconomic Status (N = 78017). Note. Life stress and emotional
symptoms are continuous variables. CI = confidence interval.
SES = socioeconomic status. A As indicated by the gestational
age- and sex-specific z-scores of placenta weight at birth. For
convenience, the unstandardized regression coefficient estimates
(B) (and their 95% CI) for z-standardized dependent variables are
presented in [*1023]. B Crude model provided in support of
transparency. C Model adjusted for maternal age, infant sex, prepregnancy body mass index, parity, hypertension, gestational
diabetes, and smoking. D To provide statistical values, which allow
comparison of results between separate regression analyses,
standardized regression coefficient estimates (beta) were calculated
in addition to the unstandardized regression coefficient estimates
(B). As the clustered variance estimation procedure does not
provide betas, for illustrative purposes, betas were calculated with
the robust variance estimation procedure.
Found at: doi:10.1371/journal.pone.0014478.s003 (0.04 MB
DOC)

Supporting Information
Table S1 Characteristics of the Study Cohort of Mother-

Newborn Pairs. Note: d = day. A If variables were symmetrically
distributed. B If variables were not symmetrically distributed.
Found at: doi:10.1371/journal.pone.0014478.s001 (0.06 MB
DOC)

Acknowledgments

Table S2 Adjusted and Unadjusted Regression Coefficients for
Absolute Placenta Weight at Birth (Outcome), According to Life
Stress and Emotional Symptoms During Pregnancy (Predictors)
(N = 78017). Note. Life stress and emotional symptoms are
continuous variables. CI = confidence interval. A Crude model
provided in support of transparency. B Model adjusted for
maternal age, infant sex, pre-pregnancy body mass index, parity,
hypertension, gestational diabetes, and smoking. C To provide
statistical values, which allow comparison of results between
separate regression analyses, standardized regression coefficient
estimates (beta) were calculated in addition to the unstandardized

We thank Prof. J. Meyer for critical reading of the manuscript.
Information reported in the manuscript has been presented in part at the
6th World Congress on Developmental Origins of Health and Disease, Santiago,
Chile.

Author Contributions
Conceived and designed the experiments: MT JO GM. Performed the
experiments: MT JO GM. Analyzed the data: MT NG JO AM GM.
Wrote the paper: MT. Critically revised the paper: GM NG JO AM.

References
1. Barker DJ, Bull AR, Osmond C, Simmonds SJ (1990) Fetal and placental size
and risk of hypertension in adult life. Bmj 301: 259–262.
2. Naeye RL (1987) Do placental weights have clinical significance? Hum Pathol
18: 387–391.
3. Gluckman PD, Hanson MA, Cooper C, Thornburg KL (2008) Effect of in utero
and early-life conditions on adult health and disease. N Engl J Med 359: 61–73.
4. Jansson T, Powell TL (2007) Role of the placenta in fetal programming:
underlying mechanisms and potential interventional approaches. Clin Sci (Lond)
113: 1–13.
5. Fowden AL, Forhead AJ, Coan PM, Burton GJ (2008) The placenta and
intrauterine programming. J Neuroendocrinol 20: 439–450.
6. Baptiste-Roberts K, Salafia CM, Nicholson WK, Duggan A, Wang NY, et al.
(2008) Maternal risk factors for abnormal placental growth: the national
collaborative perinatal project. BMC Pregnancy Childbirth 8: 44.
7. Hansen D, Lou HC, Olsen J (2000) Serious life events and congenital
malformations: a national study with complete follow-up. Lancet 356: 875–880.
8. Sondergaard C, Olsen J, Friis-Hasche E, Dirdal M, Thrane N, et al. (2003)
Psychosocial distress during pregnancy and the risk of infantile colic: a follow-up
study. Acta Paediatr 92: 811–816.
9. Wadhwa PD, Sandman CA, Porto M, Dunkel-Schetter C, Garite TJ (1993) The
association between prenatal stress and infant birth weight and gestational age at
birth: a prospective investigation. Am J Obstet Gynecol 169: 858–865.
10. Pacak K, Palkovits M (2001) Stressor specificity of central neuroendocrine
responses: implications for stress-related disorders. Endocr Rev 22: 502–548.
11. Richardson HN, Zorrilla EP, Mandyam CD, Rivier CL (2006) Exposure to
repetitive versus varied stress during prenatal development generates two distinct

PLoS ONE | www.plosone.org

12.

13.

14.

15.

16.
17.
18.
19.
20.

6

anxiogenic and neuroendocrine profiles in adulthood. Endocrinology 147:
2506–2517.
Fowden AL, Giussani DA, Forhead AJ (2006) Intrauterine programming of
physiological systems: causes and consequences. Physiology (Bethesda) 21:
29–37.
Olsen J, Melbye M, Olsen SF, Sorensen TI, Aaby P, et al. (2001) The Danish
National Birth Cohort–its background, structure and aim. Scand J Public Health
29: 300–307.
Tegethoff M, Greene N, Olsen J, Meyer AH, Meinlschmidt G (2010) Maternal
psychosocial adversity during pregnancy is associated with length of gestation
and offspring size at birth: evidence from a population-based cohort study.
Psychosom Med 72: 419–426.
Fink P, Orbol E, Hansen MS, Sondergaard L, De Jonge P (2004) Detecting
mental disorders in general hospitals by the SCL-8 scale. J Psychosom Res 56:
371–375.
Derogatis LR (1977) SCL-90: Administration, Scoring, and Procedures Manual
-1. for the R(evised) Version Baltimore: John Hopkins University Press.
Goldberg D (1972) The Detection of Psychiatric Illness by Questionnaire.
London: Oxford University Press.
Bland JM, Altman DG (2002) Statistics Notes: Validating scales and indexes.
Bmj 324: 606–607.
Norbeck JS (1984) Modification of life event questionnaires for use with female
respondents. Res Nurs Health 7: 61–71.
Kanner AD, Coyne JC, Schaefer C, Lazarus RS (1981) Comparison of two
modes of stress measurement: daily hassles and uplifts versus major life events.
J Behav Med 4: 1–39.

December 2010 | Volume 5 | Issue 12 | e14478

Pregnancy Stress and Placenta

21. Coall DA, Charles AK, Salafia CM (2008) Gross Placental Structure
in a Low-Risk Population of Singleton, Term, First-Born Infants. Pediatr Dev
Pathol: 1.
22. Leon DA, Lithell HO, Vagero D, Koupilova I, Mohsen R, et al. (1998) Reduced
fetal growth rate and increased risk of death from ischaemic heart disease: cohort
study of 15 000 Swedish men and women born 1915-29. Bmj 317: 241–245.
23. Kucuk M, Doymaz F (2009) Placental weight and placental weight-to-birth
weight ratio are increased in diet- and exercise-treated gestational diabetes
mellitus subjects but not in subjects with one abnormal value on 100-g oral
glucose tolerance test. J Diabetes Complications 23: 25–31.
24. Salafia CM, Zhang J, Charles AK, Bresnahan M, Shrout P, et al. (2008)
Placental characteristics and birthweight. Paediatr Perinat Epidemiol 22:
229–239.
25. Williams LA, Evans SF, Newnham JP (1997) Prospective cohort study of factors
influencing the relative weights of the placenta and the newborn infant. Bmj 314:
1864–1868.
26. Figueras F, Torrents M, Munoz A, Comas C, Antolin E, et al. (2002) References
intervals for fetal biometrical parameters. Eur J Obstet Gynecol Reprod Biol
105: 25–30.
27. Niklasson A, Albertsson-Wikland K (2008) Continuous growth reference from
24th week of gestation to 24 months by gender. BMC Pediatr 8: 8.
28. Olsen J (2008) Confounding by exposure history and prior outcome.
Epidemiology 19: 635–636; author reply 636.
29. Chow GC (1960) Tests of Equality Between Sets of Coefficients in Two Linear
Regressions. Econometrica 28: 591–605.
30. Bech BH, Nohr EA, Vaeth M, Henriksen TB, Olsen J (2005) Coffee and fetal
death: a cohort study with prospective data. Am J Epidemiol 162: 983–990.
31. Preacher KJ, Hayes AF (2004) SPSS and SAS procedures for estimating indirect
effects in simple mediation models. Behav Res Methods Instrum Comput 36:
717–731.
32. Mueller BR, Bale TL (2008) Sex-specific programming of offspring emotionality
after stress early in pregnancy. J Neurosci 28: 9055–9065.
33. Lumey LH (1998) Compensatory placental growth after restricted maternal
nutrition in early pregnancy. Placenta 19: 105–111.
34. Kruger H, Arias-Stella J (1970) The placenta and the newborn infant at high
altitudes. Am J Obstet Gynecol 106: 586–591.
35. Hindmarsh PC, Geary MP, Rodeck CH, Jackson MR, Kingdom JC (2000)
Effect of early maternal iron stores on placental weight and structure. Lancet
356: 719–723.
36. Forbes K, Westwood M (2008) The IGF axis and placental function. a mini
review. Horm Res 69: 129–137.
37. Mills NC, D’Ercole AJ, Underwood LE, Ilan J (1986) Synthesis of somatomedin
C/insulin-like growth factor I by human placenta. Mol Biol Rep 11: 231–236.
38. Constancia M, Hemberger M, Hughes J, Dean W, Ferguson-Smith A, et al.
(2002) Placental-specific IGF-II is a major modulator of placental and fetal
growth. Nature 417: 945–948.
39. Fuglsang J, Ovesen P (2006) Aspects of placental growth hormone physiology.
Growth Horm IGF Res 16: 67–85.
40. Fatayerji N, Engelmann GL, Myers T, Handa RJ (1996) In utero exposure to
ethanol alters mRNA for insulin-like growth factors and insulin-like growth
factor-binding proteins in placenta and lung of fetal rats. Alcohol Clin Exp Res
20: 94–100.
41. Mittal P, Espinoza J, Hassan S, Kusanovic JP, Edwin SS, et al. (2007) Placental
growth hormone is increased in the maternal and fetal serum of patients with
preeclampsia. J Matern Fetal Neonatal Med 20: 651–659.
42. Lawrence JB, Oxvig C, Overgaard MT, Sottrup-Jensen L, Gleich GJ, et al.
(1999) The insulin-like growth factor (IGF)-dependent IGF binding protein-4

PLoS ONE | www.plosone.org

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.
54.

55.

56.
57.

58.

59.

60.

61.

7

protease secreted by human fibroblasts is pregnancy-associated plasma proteinA. Proc Natl Acad Sci U S A 96: 3149–3153.
Resch ZT, Oxvig C, Bale LK, Conover CA (2006) Stress-activated signaling
pathways mediate the stimulation of pregnancy-associated plasma protein-A
expression in cultured human fibroblasts. Endocrinology 147: 885–890.
Coussons-Read ME, Okun ML, Nettles CD (2007) Psychosocial stress increases
inflammatory markers and alters cytokine production across pregnancy. Brain
Behav Immun 21: 343–350.
Roberts CT, White CA, Wiemer NG, Ramsay A, Robertson SA (2003) Altered
placental development in interleukin-10 null mutant mice. Placenta 24 (Suppl
A): S94–99.
Charalambous M, Smith FM, Bennett WR, Crew TE, Mackenzie F, et al. (2003)
Disruption of the imprinted Grb10 gene leads to disproportionate overgrowth by
an Igf2-independent mechanism. Proc Natl Acad Sci U S A 100: 8292–8297.
Frank D, Fortino W, Clark L, Musalo R, Wang W, et al. (2002) Placental
overgrowth in mice lacking the imprinted gene Ipl. Proc Natl Acad Sci U S A 99:
7490–7495.
Gloria-Bottini F, Pietropolli A, Coppeta L, Magrini A, Bergamaschi A, et al.
(2008) The genetics of feto-placental development: a study of acid phosphatase
locus 1 and adenosine deaminase polymorphisms in a consecutive series of
newborn infants. Reprod Biol Endocrinol 6: 38.
Coussons-Read ME, Okun ML, Schmitt MP, Giese S (2005) Prenatal stress
alters cytokine levels in a manner that may endanger human pregnancy.
Psychosom Med 67: 625–631.
Gude NM, Roberts CT, Kalionis B, King RG (2004) Growth and function of
the normal human placenta. Thromb Res 114: 397–407.
Hafner E, Metzenbauer M, Hofinger D, Munkel M, Gassner R, et al. (2003)
Placental growth from the first to the second trimester of pregnancy in SGAfoetuses and pre-eclamptic pregnancies compared to normal foetuses. Placenta
24: 336–342.
Taricco E, Radaelli T, Nobile de Santis MS, Cetin I (2003) Foetal and placental
weights in relation to maternal characteristics in gestational diabetes. Placenta
24: 343–347.
Dole N, Savitz DA, Hertz-Picciotto I, Siega-Riz AM, McMahon MJ, et al.
(2003) Maternal stress and preterm birth. Am J Epidemiol 157: 14–24.
Usui T, Nakai Y, Tsukada T, Jingami H, Takahashi H, et al. (1988) Expression
of adrenocorticotropin-releasing hormone precursor gene in placenta and other
nonhypothalamic tissues in man. Mol Endocrinol 2: 871–875.
Warren WB, Goland RS, Wardlaw SL, Stark RI, Fox HE, et al. (1990) Elevated
maternal plasma corticotropin releasing hormone levels in twin gestation.
J Perinat Med 18: 39–44.
McLean M, Bisits A, Davies J, Woods R, Lowry P, et al. (1995) A placental clock
controlling the length of human pregnancy. Nat Med 1: 460–463.
Wadhwa PD, Culhane JF, Rauh V, Barve SS (2001) Stress and preterm birth:
neuroendocrine, immune/inflammatory, and vascular mechanisms. Matern
Child Health J 5: 119–125.
Kramer MS, Lydon J, Seguin L, Goulet L, Kahn SR, et al. (2010) Non-stressrelated factors associated with maternal corticotrophin-releasing hormone
(CRH) concentration. Paediatr Perinat Epidemiol 24: 390–397.
Carter FA, Carter JD, Luty SE, Wilson DA, Frampton CM, et al. (2005)
Screening and treatment for depression during pregnancy: a cautionary note.
Aust N Z J Psychiatry 39: 255–261.
de Paula CF, Ruano R, Campos JA, Zugaib M (2008) Placental volumes
measured by 3-dimensional ultrasonography in normal pregnancies from 12 to
40 weeks’ gestation. J Ultrasound Med 27: 1583–1590.
Godfrey KM (2002) The role of the placenta in fetal programming-a review.
Placenta 23 (Suppl A): S20–27.

December 2010 | Volume 5 | Issue 12 | e14478

