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Research

AbstrAct
Objectives To examine associations between maternal 
pregnancy-specific stress and umbilical (UA PI) and 
middle cerebral artery pulsatility indices (MCA PI), 
cerebroplacental ratio, absent end diastolic flow (AEDF), 
birthweight, prematurity, neonatal intensive care unit 
admission and adverse obstetric outcomes in women 
with small for gestational age pregnancies. It was 
hypothesised that maternal pregnancy-specific stress 
would be associated with fetoplacental haemodynamics 
and neonatal outcomes.
Design This is a secondary analysis of data collected for a 
large-scale prospective observational study.
Setting This study was conducted in the seven major 
obstetric hospitals in Ireland and Northern Ireland.
Participants Participants included 331 women who 
participated in the Prospective Observational Trial 
to Optimise Paediatric Health in Intrauterine Growth 
Restriction. Women with singleton pregnancies between 
24 and 36 weeks gestation, estimated fetal weight <10th 
percentile and no major structural or chromosomal 
abnormalities were included.
Primary and secondary outcome measures Serial 
Doppler ultrasound examinations of the umbilical and 
middle cerebral arteries between 20 and 42 weeks 
gestation, Pregnancy Distress Questionnaire (PDQ) 
scores between 23 and 40 weeks gestation and neonatal 
outcomes.
Results Concerns about physical symptoms and body 
image at 35–40 weeks were associated with lower 
odds of abnormal UAPI (OR 0.826, 95% CI 0.696 to 
0.979, p=0.028). PDQ score (OR 1.073, 95% CI 1.012 to 
1.137, p=0.017), concerns about birth and the baby (OR 
1.143, 95% CI 1.037 to 1.260, p=0.007) and concerns 
about physical symptoms and body image (OR 1.283, 
95% CI 1.070 to 1.538, p=0.007) at 29–34 weeks were 

associated with higher odds of abnormal MCA PI. Concerns 
about birth and the baby at 29–34 weeks (OR 1.202, 
95% CI 1.018 to 1.421, p=0.030) were associated with 
higher odds of AEDF. Concerns about physical symptoms 
and body image at 35–40 weeks were associated with 
decreased odds of neonatal intensive care unit admission 
(OR 0.635, 95% CI 0.435 to 0.927, p=0.019).

Strengths and limitations of this study

 ► This study benefits from comprehensive, repeatedly 
collected stress and haemodynamic data, inclusion 
of cerebroplacental ratio and absent end diastolic 
flow analyses, and clinically useful dichotomisation 
of normal or abnormal haemodynamic outcomes.

 ► Moreover, this study benefits from the inclusion 
of neonatal outcomes, the provision of novel 
insights into specific stressors faced by women 
with complicated pregnancies and the inclusion of 
ethnicity and deprivation index scores as potential 
confounding variables.

 ► This study is limited by inconsistent sample sizes 
at each time point, unavailability of stress data for 
the full Prospective Observational Trial to Optimise 
Paediatric Health in Intrauterine Growth Restriction 
cohort, data collection primarily occurring late 
in pregnancy and a lack of a comparison group 
of women with appropriate for gestational age 
pregnancies.

 ► Moreover, this study is limited by the relatively low 
pregnancy-specific stress reported by the sample, 
which can make it difficult to detect clinically 
significant differences, and by the many statistical 
tests conducted, which increase the risk of type I 
error.

http://bmjopen.bmj.com/
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Conclusions These findings suggest that fetoplacental haemodynamics 
may be a mechanistic link between maternal prenatal stress and fetal and 
neonatal well-being, but additional research is required.

InTroducTIon
Pregnancy-specific stress is characterised by concerns about 
fetal health, diet, physical symptoms, labour, mothering and 
relationship changes.1 2 Pregnancy-specific stress is a distinct 
clinical entity,3 and pregnancy-specific stress measures are 
more sensitive than general stress measures in predicting 
preterm birth,4 5 fetal behaviour6 and childhood devel-
opment.7–11 Although evidence links pregnancy-specific 
stress and fetal and infant outcomes, potential mechanistic 
pathways such as fetoplacental haemodynamics remain 
relatively unexplored. A recent systematic review reported 
12 studies of prenatal stress and haemodynamics in preg-
nancy as measured by Doppler ultrasound;12 only three 
measured pregnancy-specific stress.13–15 There is therefore 
an evidence gap regarding potential associations between 
pregnancy-specific stress and fetoplacental haemody-
namics.

Doppler ultrasound indirectly measures fetoplacental 
haemodynamics16 by insonating the umbilical artery (UA) 
and fetal middle cerebral artery (MCA).17 Poor placen-
tation results in increased resistance to blood flow in the 
UA,18 leading to a higher pulsatility index (PI), resistance 
index and systolic/diastolic ratio. Increased UA resistance 
is associated with intrauterine growth restriction (IUGR), 
fetal distress and adverse neurodevelopmental outcomes.19 
In more extreme cases, resistance to UA blood flow rises 
enough that blood flow is no longer observed during 
fetal cardiac diastole, at which point absent end diastolic 
flow (AEDF) is diagnosed. Increased fetal MCA blood 
flow can indicate fetal cardiovascular distress, hypoxia or 
anaemia, and an abnormally low MCA PI can indicate fetal 
‘brain-sparing’ due to severe hypoxia and acidosis.20 Fetal 
brain-sparing can also be indicated by an abnormal cere-
broplacental ratio (CPR), the ratio of MCA PI to UA PI, 
which may be a more sensitive predictor of adverse peri-
natal outcomes than either the UA or MCA PI alone.21–24

The Prospective Observational Trial to Optimise Paedi-
atric Health in Intrauterine Growth Restriction (PORTO) 
was conducted in 2010–2012 in the seven academic obstetric 
centres in Ireland and Northern Ireland. This study involved 
serial ultrasound assessments of 1116 women with small for 
gestational age (SGA) pregnancies25 and presents a unique 
opportunity to explore pregnancy-specific stress in relation 
to a broad range of Doppler ultrasound values.

The aim of this secondary analysis of PORTO data was 
to explore potential relationships among pregnancy-spe-
cific stress, fetoplacental haemodynamics and neonatal 
outcomes in women with SGA pregnancies. It was hypoth-
esised that higher pregnancy-specific stress would be 
associated with abnormal fetal circulation (UA PI, MCA 
PI, CPR and AEDF), prematurity, birth weight < 2500 g, 
admission to a neonatal intensive care unit (NICU) and 
adverse perinatal outcome.

MaTerIals and MeThods
PorTo study
The primary aims of PORTO were to evaluate multivessel 
Doppler changes in SGA fetuses (estimated fetal 
weight (EFW) < 10th percentile) and correlate them 
with paediatric morbidity. Eligibility criteria included 
singleton pregnancies 24+0–36+6 weeks gestation with 
EFW < 10th percentile for GA.26 Fetuses with major 
structural and/or chromosomal abnormalities were 
excluded. Institutional Review Board approval was 
obtained through each centre: the Rotunda Hospital 
Ethics Committee, the Belfast Health and Social Care 
Trust, the Coombe Women’s University Hospital Ethics 
Committee, Cork University Maternity Hospital Ethics 
Committee, University Hospital Galway Ethics Committee 
and the National Maternity Ethics Committee, and partic-
ipants gave written informed consent. PORTO recruited 
1200 consecutive ultrasound-dated singleton pregnan-
cies; 32 (3%) were excluded due to chromosomal and/
or structural abnormalities, 13 (1%) withdrew consent, 
13 (1%) delivered outside of Ireland and 26 (2%) were 
lost to follow-up, leaving a final sample of 1116 women. 
A recruitment flow chart can be found in figure 1. A 
sample size calculation for PORTO study indicated that 
depending on the baseline rates of outcomes considered, 
the study had sufficient power (80%) with a sample size of 
1100; all women who completed a Prenatal Distress Ques-
tionnaire (PDQ) at some point during their participation 
in PORTO were included in the analyses described here.

clinic visits
Referral for enrolment in PORTO occurred if there was 
clinical suspicion of SGA. A PORTO research sonogra-
pher confirmed EFW < 10th percentile and performed 
a detailed evaluation of fetal anatomy. Data collected 
included maternal and obstetric characteristics, delivery 
and birthweight outcomes, and perinatal morbidity and 
mortality. At enrolment, expectant mothers underwent 
health assessments that included blood pressure, height, 
weight, body mass index (BMI) and smoking and alcohol 
intake data collection. Parity and previous miscarriage 
were recorded; however, data about existing psychi-
atric illnesses, whether pregnancies were planned or 
unplanned or whether participants had a history of expo-
sure to domestic violence were not recorded for PORTO. 
Obstetric management, including fetal surveillance, was 
standardised across all seven centres. This consisted of 
fetal growth assessment and more frequent evaluation 
with UA Doppler, biophysical profile and/or cardioto-
cography. Decision to deliver was at the discretion of the 
individual consultant obstetrician and was generally based 
on abnormal cardiotocography findings. Antenatal corti-
costeroids were administered between 24+0–36+0 weeks 
gestation if delivery was thought to be likely within 1 week. 
Outcomes of infants admitted to NICU were recorded by 
neonatal medical or nursing staff; outcomes for infants 
not admitted to NICU were recorded by research sonog-
raphers.
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ultrasound examination
Ten research sonographers performed all Doppler 
evaluations. Prior to study commencement, structured 
training was provided by maternal-fetal medicine special-
ists, and quality assurance assessments were conducted 
at regular intervals. Surveillance included evaluation 
of amniotic fluid volume, biophysical profile scoring 
and multivessel Doppler of UA, MCA, ductus venosus, 
aortic isthmus and myocardial performance index at 
every subsequent contact with research sonographers. 
CPRs were also calculated for each fetus.27 In the event 
of AEDF, testing was increased at the discretion of the 
consultant obstetrician. All prenatal and ultrasound 
data were recorded on the ultrasound software system 
(Viewpoint; MDI Viewpoint, Jacksonville, Florida, USA) 
and uploaded onto a live, web-based, consolidated data-
base. All sonographic findings were recorded in patient 
case files and were available to managing clinicians. All 
Doppler data were interpreted using published, stan-
dardised references.28

Pregnancy-specific stress
The PDQ was introduced approximately halfway through 
PORTO in a staggered fashion to five of the seven partic-
ipating study centres: Coombe Women and Infants’ 
University Hospital, the National Maternity Hospital, the 
Rotunda Hospital, the Royal Jubilee Maternity Hospital in 
Belfast, Cork University Hospital and University Hospital 
Galway. University Hospital Limerick and Our Lady of 
Lourdes Hospital in Drogheda did not participate in this 
aspect of PORTO data collection. Women completed 
the 12-item PDQ by responding to each item on a five-
point Likert scale ranging from ‘not at all worried’ to 
‘extremely worried’. The PDQ provides an overall score 
and three factor scores.29 Factor 1 measures concerns 
about birth and the health of the baby, factor 2 measures 
concerns about physical symptoms and body image and 
factor 3 measures concerns about emotions and relation-
ships. PDQ scores were collected from women repeatedly 
across gestation, and scores were binned into three equal 
5-week intervals to allow for time-specific exploration of 

Figure 1 Prospective Observational Trial to Optimise Paediatric Health in Intrauterine Growth Restriction (PORTO) flow chart. 
EFW, estimated fetal weight; PDQ, Prenatal Distress Questionnaire.
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the associations between maternal pregnancy-specific 
stress and fetal and neonatal outcomes.

clinical outcome definitions
Vermont Oxford Network definitions30 were used to 
define adverse perinatal outcomes. Abnormal UA PI 
was defined as > 95th percentile,31 abnormal MCA PI 
as < 5th percentile32 and CPR < 1.08 was considered 
abnormal.33 Adverse perinatal outcome was defined as 
a binary composite outcome of any of the following 
outcomes: intraventricular haemorrhage, periventric-
ular leukomalacia, hypoxic ischaemic encephalopathy, 
necrotising enterocolitis, bronchopulmonary dysplasia, 
sepsis or death. Prematurity was defined as delivery 
before 37 weeks gestation.

deprivation index
The 2011 HP All-Island deprivation index uses three 
primary dimensions of disadvantage: demographic 
profile, social class composition and labour market situa-
tion, and provides 2011 Relative Index Scores that range 
from −40 (most disadvantaged) to 40 (most affluent) with 
a mean of 0 and an SD of 10.34

statistical analyses
Binary logistic regression analyses were performed to 
evaluate associations between pregnancy-specific stress, 
fetoplacental haemodynamics and neonatal outcomes. 
For each analysis, the p < 0.05 significance threshold was 
used. SPSS V.22 was used for data management and statis-
tical analyses. Because the literature suggests that maternal 
smoking,35–39 drinking,40 41 ethnicity,42–44 BMI,16 45 blood 
pressure,16 46 47 socioeconomic status48–53 and age43 45 can 
contribute to changes in fetoplacental haemodynamics 
or neonatal outcomes and parity can affect maternal 
psychological distress during pregnancy,54 these vari-
ables were included in the adjusted models. Although 
the literature also suggests that experience of previous 
miscarriage can affect maternal psychological distress 
during pregnancy,54–57 previous miscarriage and maternal 
pregnancy-specific stress were not associated at any time 
point in this sample, so miscarriage was not included in 
the statistical models. In order to reduce the number 
of variables used in the models, mean arterial pressure 
was calculated as 2/3(diastolic blood pressure)+1/3(sys-
tolic blood pressure). The NICU admission model was 
also adjusted for prematurity. PORTO participants with 
missing data relevant to these analyses were excluded 
from the original database.

resulTs
Participants
Of 376 recruited women who completed at least one 
PDQ over the course of the PORTO study, 45 (12%) 
were excluded: 2(0.5%) delivered outside of Ireland, 
4 (1%) were recruited outside of the 24+0–36+6 GA 
recruitment window, 6 (2%) did not meet the EFW 
< 10th percentile inclusion criterion, 12 (3%) had 

pregnancies with congenital anomalies and 21 (6%) 
had incomplete data collection. This resulted in a total 
of 331 women completing the full study protocol; a 
recruitment flow chart is presented in figure 1. A total 
of 82 women completed at least one PDQ within the 
first time point bin, 205 women completed at least one 
PDQ within the second time point bin and 213 women 
completed at least one PDQ within the third time point 
bin; 42 women completed at least one PDQ within all 
three time point bins. The mean maternal age was 29.9 
years, and 86.1% of mothers were of Western European 
origin. The mean GA at enrolment was 29.6 weeks, 
and the mean GA at delivery was 38.2 weeks. Maternal 
demographics and fetal characteristics are summarised 
in table 1. Women in these analyses differed from the 
total PORTO cohort in several ways: women in these 
analyses were enrolled in PORTO study earlier in their 
pregnancies (p=0.003), had higher systolic blood pres-
sure (p=0.048), were more likely to be of European 
extraction (p=0.044), were less likely to have pre-ec-
lampsia (p=0.035) and gave birth later (p=0.016) to 
babies with higher birthweights (p=0.014). Moreover, 
women in these analyses were less likely to have their 
infant admitted to the NICU (p=0.023) and had babies 
with significantly higher 5 min Apgar scores (p=0.001). 
Demographic and clinical characteristics of the 
current sample can be found in table 1, and compari-
sons between women in the overall PORTO cohort and 
those in these analyses can be found in online supple-
mentary table 1.

Pregnancy-specific stress in this sample
Participants reported surprisingly low levels of pregnan-
cy-specific stress considering that they were informed 
that their pregnancies were high risk. Mean PDQ scores 
in this sample ranged from 11.0 (SD 6.64) at 35–40 
weeks to 12.7 (SD 8.07) at 23–28 weeks (table 2). As 
described in table 3, women with AEDF diagnoses 
reported more concerns about eating healthy foods 
and a balanced diet for the baby (p=0.023) and having 
a healthy baby (p=0.013), and more fear about the 
possibility of premature delivery (p<0.001) than women 
without AEDF diagnoses. Interestingly, there were no 
item-level differences between women with normal or 
abnormal UA PI.

Pregnancy-specific stress and fetoplacental haemodynamics
The following sections outline associations found before 
and after adjustment between maternal pregnancy-spe-
cific stress and abnormal UA PI, MCA PI, absent end 
diastolic flow and abnormal CPR.

Umbilical artery
There were no significant associations between PDQ 
scores or factor scores and abnormal UA PI at any time 
point before adjustment for confounders. After adjust-
ment, concerns about physical symptoms and body image 
at 35–40 weeks were significantly associated with lower 

https://dx.doi.org/10.1136/bmjopen-2016-015326
https://dx.doi.org/10.1136/bmjopen-2016-015326
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odds of abnormal UA PI (OR 0.826, 95% CI 0.696 to 
0.979, p=0.028).

Middle cerebral artery
Before adjustment, PDQ score (OR 1.058, 95% CI 1.007 
to 1.111, p=0.026), concerns about birth and the health 
of the baby (OR 1.100, 95% CI 1.018 to 1.188, p=0.015) 
and concerns about physical symptoms and body image 
(OR 1.219, 95% CI 1.040 to 1.428, p=0.015) at 29–34 
weeks were significantly associated with increased odds 
of abnormal MCA PI. After adjustment, PDQ score 

(OR 1.073, 95% CI 1.012 to 1.137, p=0.017), concerns 
about birth and the baby (OR 1.143, 95% CI 1.037 to 
1.260, p=0.007) and concerns about physical symptoms 
and body image (OR 1.283, 95% CI 1.070 to 1.538, 
p=0.007) at 29–34 weeks were significantly associated with 
higher odds of abnormal MCA PI.

absent end diastolic flow
Before adjustment, PDQ score (OR 1.082, 95% CI 1.005 
to 1.166, p=0.037) and concerns about birth and the 
health of the baby (OR 1.216, 95% CI 1.074 to 1.376, 
p=0.002) at 29–34 weeks were significantly associated with 
increased odds of AEDF. After adjustment, only concerns 
about birth and the health of the baby at 29–34 weeks 
(OR 1.202, 95% CI 1.018 to 1.421, p=0.030) were signifi-
cantly associated with higher odds of AEDF.

cerebroplacental ratio
There were no significant associations between PDQ or 
factor scores and CPR <1.08 before or after adjustment. 
The results of the unadjusted and adjusted binary logistic 
regression models for pregnancy-specific stress in relation 
to abnormal fetoplacental haemodynamics are shown 
in online supplementary table 2. Figure 2 depicts the 
abnormal UA PI and MCA PI analyses.

Pregnancy-specific stress and neonatal outcomes
The following sections outline associations found before 
and after adjustment between maternal pregnancy-spe-
cific stress and prematurity, NICU admission, birth weight 
< 2500 g and composite adverse perinatal outcome.

Prematurity
Concerns about birth and the health of the baby at 29–34 
weeks were significantly associated with greater odds of 
prematurity before adjustment (OR 1.084, 95% CI 1.008 
to 1.166, p=0.031), but this association was no longer 
present following adjustment.

Table 2 Pregnancy-specific stress in this sample

Pregnancy Distress Questionnaire 
score n Mean SD

23–28 weeks 80 12.70 8.07

   Birth and the health of the baby 81 7.69 4.79

   Physical symptoms and body image 82 2.97 2.41

   Relationships and emotions 80 2.02 2.19

29–34 weeks 197 12.07 7.11

   Birth and the health of the baby 203 7.45 4.40

   Physical symptoms and body image 205 2.72 2.19

   Relationships and emotions 203 1.84 1.98

35–40 weeks 213 11.26 6.56

   Birth and the health of the baby 197 6.75 4.35

   Physical symptoms and body image 203 2.54 2.06

   Relationships and emotions 204 1.65 1.85

Table 1 Characteristics of participants

Characteristics (n=331)

Maternal characteristics

  Deprivation index score  1.07±12.50

  Height (cm) 162.41±6.41

  Weight (kg) 64.15±13.3

  BMI 24.29±4.67

  Age (years) 29.88±5.65

  GA at enrolment in PORTO (weeks) 29.56±4.01

  Diastolic blood pressure 67.53±9.55

  Systolic blood pressure 114.54±14.59

  European ethnicity 285 (86.1)

  Spontaneous conception 329 (99.4)

  Smoker 76 (23.0)

  Drinker 6 (1.8)

  Pre-eclampsia 21 (6.3)

Infant characteristics

  Birth weight (g) 2573.88±658.69

  GA at delivery (weeks) 38.16±2.73

  Preterm (<37 weeks) 68 (20.5)

    Late/moderately (32 to <37 weeks) 51 (15.4)

    Very (28 to <32 weeks) 15 (4.5)

    Extremely (<28 weeks) 2 (0.6)

  Admitted to NICU 77 (23.3)

  Adverse perinatal outcome 11 (3.3)

  Apgar score at 1 min 8.58±1.06

  Apgar score at 5 min 9.58±0.60

  Abnormal UA PI (IUGR) 122 (36.9)

  AEDF 20 (6.0)

  GA at AEDF diagnosis 29.45±3.68

  Abnormal MCA PI 114 (34.4)

  Abnormal CPR 57 (17.2)

Continuous variables represented as mean±SD and categorical 
variables as n (%).
AEDF, absent end diastolic flow; BMI, body mass index; 
CPR, cerebroplacental ratio; GA, gestational age; 
IUGR, intrauterine growth restriction; MCA, middle cerebral artery; 
NICU, neonatal intensive care unit; PI, pulsatility index; PORTO, 
Prospective Observational Trial to Optimise Paediatric Health 
in Intrauterine Growth Restriction; UA, umbilical artery.

https://dx.doi.org/10.1136/bmjopen-2016-015326
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nIcu admission
Before adjustment, concerns about birth and the health 
of the baby at 29–34 weeks (OR 1.096, 95% CI 1.023 to 
1.175, p=0.009) were associated with increased odds of 
NICU admission, while concerns about physical symp-
toms and body image at 35–40 weeks (OR 0.724, 95% CI 
0.541 to 0.969, p=0.030) were associated with decreased 
odds of NICU admission. After statistical adjustment, 

concerns about physical symptoms and body image at 
35–40 weeks remained associated with decreased odds 
of NICU admission (OR 0.635, 95% CI 0.435 to 0.927, 
p=0.019).

Birthweight < 2500 g
Concerns about birth and the health of the baby at 29–34 
weeks were associated with greater odds of birthweight < 

Table 3 Differences in Pregnancy Distress Questionnaire (PDQ) items between women with normal and abnormal umbilical 
artery pulsatility index (UA PI) and absence or presence of absent end diastolic flow (AEDF)

PDQ item
Normal UA PI 
(n=209)

Abnormal UA 
PI (n=122) p Value

No AEDF 
(n=311)

AEDF
(n=20) p Value

  Mean (SD) Mean (SD)

1. I find weight gain during pregnancy 
troubling

0.78 (0.88) 0.73 (0.96) 0.632 0.77 (0.92) 0.58 (0.75) 0.375

2. Physical symptoms of pregnancy such as 
nausea, vomiting, swollen feet or backaches 
irritate me

1.36 (1.03) 1.14 (0.94) 0.053 1.27 (0.99) 1.39 (1.18) 0.622

3. I am worried about handling the baby when 
I first come home from the hospital

0.74 (0.91) 0.80 (1.01) 0.590 0.74 (0.93) 1.03 (1.17) 0.201

4. Emotional ups and downs during pregnancy 
annoy me

1.07 (1.00) 1.04 (0.96) 0.768 1.04 (0.97) 1.35 (1.15) 0.170

5. I am troubled that my relationships with 
other people important to me are changing 
due to my pregnancy

0.43 (0.75) 0.35 (0.58) 0.279 0.41 (0.70) 0.22 (0.45) 0.263

6. I am worried about eating healthy foods and 
a balanced diet for the baby

1.11 (1.01) 1.20 (1.16) 0.481 1.11 (1.06) 1.67 (1.10) 0.023

7. Overall, the changes in my body shape and 
size during pregnancy bother me

0.64 (0.81) 0.49 (0.72) 0.078 0.58 (0.78) 0.53 (0.73) 0.742

8. I am concerned that having a new baby will 
alter my relationship with the baby’s father

0.42 (0.80) 0.32 (0.63) 0.218 0.40 (0.75) 0.18 (0.49) 0.073

9. I worry about having an unhealthy baby 1.85 (1.17) 1.96 (1.26) 0.440 1.85 (1.19) 2.54 (1.28) 0.013

10. I am anxious about labour and delivery 1.89 (1.13) 1.73 (1.10) 0.204 1.84 (1.11) 1.58 (1.25) 0.299

11. The possibility of premature delivery 
frightens me

1.62 (1.18) 1.65 (1.23) 0.833 1.57 (1.15) 2.53 (1.44) <0.001

12. I am worried that I might not become 
emotionally attached to the baby

0.40 (0.78) 0.32 (0.59) 0.355 0.36 (0.72) 0.50 (0.66) 0.406

Figure 2 Abnormal umbilical artery pulsatility index (UA PI) and middle cerebral artery (MCA) PI as predicted by pregnancy-
specific stress. ORs >1.0 represent increased odds of the outcome occurring, while ORs <1.0 indicate decreased odds of 
the outcome occurring. Points represent ORs and brackets represent 95% CIs. Unadjusted models are represented in black. 
Adjusted models (grey) include maternal smoking, drinking, Western European origin, body mass index, mean arterial pressure, 
deprivation index score, parity and age at enrolment in the Prospective Observational Trial to Optimise Paediatric Health 
in Intrauterine Growth Restriction. PDQ, Pregnancy Distress Questionnaire.
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2500 g before (OR 1.080, 95% CI 1.012 to 1.153, p=0.020) 
but not after adjustment.

adverse perinatal outcome
There were no significant associations between preg-
nancy-specific stress and adverse perinatal outcome. 
The results of the unadjusted and adjusted binary 
logistic regression models for pregnancy-specific stress 
in relation to birthweight and NICU admission are 
provided in figure 3, and the unadjusted and adjusted 
analyses regarding neonatal outcomes are provided in 
online supplementary table 3.

dIscussIon
Pregnancy-specific stress was associated in this sample 
with increased odds of AEDF and abnormal MCA PI, and 
decreased odds of abnormal UA PI and NICU admis-
sion. However, these associations were small and varied 
according to the timing and nature of stress reported. 
Only three studies have explored associations between 
pregnancy-specific stress and Doppler ultrasound param-
eters, and this is the first exploration of associations 
between pregnancy-specific stress and MCA PI, CPR and 
AEDF in women with SGA pregnancies.

The association between concerns about physical symp-
toms and body image at 35–40 weeks and decreased odds 
of NICU admission is surprising. Women with higher 
concerns about physical symptoms and body image may 
be more conscious about nutrition and physical activity; 
however, this cannot be explored further as nutrition and 
exercise data were not collected for PORTO. It may be 
of interest in future studies to collect nutrition, physical 
activity and health-related behavioural data.

Associations between pregnancy-specific stress and 
both decreased odds of abnormal UA PI and increased 
odds of AEDF may appear contradictory. It is possible 
that women with healthier pregnancies, who may there-
fore be experiencing lower concerns about birth and the 
health of the baby, might instead have more concerns 

about physical symptoms and body image, which were 
associated with lower odds of abnormal UA PI. More-
over, women with AEDF were informed of their further 
increased medical risk, admitted as inpatients, and 
provided with a premature delivery plan, and therefore 
represent a unique population within this study. In order 
to determine whether there were associations between 
pregnancy-specific stress and subsequent AEDF, it would 
have been necessary to collect baseline PDQ data before 
diagnosis. AEDF diagnosis may also have increased preg-
nancy-specific stress; women with AEDF had higher mean 
PDQ scores and reported more concerns about eating 
health foods and a balanced diet for the baby, having an 
unhealthy baby and the prospect of premature delivery 
than women without AEDF (table 3). It is also possible 
that greater concerns about birth and the health of the 
baby may result in reduced concerns about other aspects 
of pregnancy. Increased monitoring or participation in 
PORTO may also have partially but not entirely amelio-
rated stress associated with AEDF diagnosis. Women with 
AEDF may represent a particularly vulnerable population 
that would benefit from additional support. It would be 
useful in future studies to include comparison groups of 
women with low-risk pregnancies to determine whether 
regular monitoring or study participation ameliorates 
pregnancy-specific stress, and whether this differs by 
medical risk severity.

Maternal pregnancy-specific stress may also trigger 
an inflammatory state characterised by increased nitric 
oxide (NO) and corticotrophin-releasing hormone 
(CRH), which may result in decreased resistance to blood 
flow in the UA. Research suggests that stress triggers an 
NO upregulation, chronic stress is associated with vaso-
dilation, NO inhibition increases umbilical-placental 
vasoconstriction and decreases umbilical blood flow, and 
abnormal UA Doppler waveforms are associated with 
lower NO activity.58–63 Similarly, CRH, a peptide hormone 
that plays an important role in stress, is also found in 
human placentas,64 is partly mediated by NO65 and is 

Figure 3 Birthweight < 2500 g and NICU admission as predicted by pregnancy-specific stress. ORs >1.0 represent increased 
odds of the outcome occurring, while ORs <1.0 indicate decreased odds of the outcome occurring. Points represent ORs 
and brackets represent 95% CIs. Unadjusted models are represented in black. Adjusted models (grey) include maternal 
smoking, drinking, Western European origin, body mass index, mean arterial pressure, deprivation index score, parity and age 
at enrolment in the Prospective Observational Trial to Optimise Paediatric Health in Intrauterine Growth Restriction. Adjusted 
neonatal intensive care unit (NICU) admission models also include adjustment for prematurity. PDQ, Pregnancy Distress 
Questionnaire. 
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one of the most potent fetal vasodilators.66 There may 
be an adaptive placental mechanism in which increased 
CRH release to the fetus is triggered by fetal hypoxia or 
acidosis.67–69

Due to insufficient studies that comprehensively measure 
biopsychosocial factors in relation to haemodynamics in 
pregnancy, it is only possible to theorise about reasons for 
associations between pregnancy-specific stress and fetopla-
cental haemodynamics. Because pregnancy-specific stress 
was not measured in the current study prior to recruit-
ment to a study about higher-risk pregnancy, and women 
in PORTO were not blinded to their Doppler results, it is 
not possible in the current analyses to determine whether 
increases in pregnancy-specific stress caused the haemody-
namic changes or adverse neonatal outcomes observed. 
Future studies would benefit from measuring maternal 
mental health variables prior to the first Doppler ultra-
sound assessment. There is also a need for additional 
research examining potential associations among psycho-
social data, haemodynamics and biomarkers. Future 
studies would also benefit from a more multidimensional 
approach to prenatal stress,70–72 measuring racism expo-
sure,4 73–75 chronic stress, major life events,76 health-related 
behaviours,71 domestic violence exposure,77–79 resilience80 
and partner/social support.76 80–82 Such studies would 
contribute to a more nuanced, biopsychosocial model of 
obstetric research. Moreover, future studies assessing associ-
ations between maternal mental health and fetal and infant 
well-being in the context of SGA or growth-restricted preg-
nancy would benefit from including fetal biometry, uterine 
artery Doppler velocimetry and analysis of placental histo-
morphology.

This study has several limitations. Inconsistent sample 
sizes at each time point limit immediate clinical utility, 
result in varying statistical power and prevent analyses for 
all outcomes at all time points. Because the PDQ was not 
introduced until approximately halfway through PORTO 
and was not collected in all centres, stress data were not 
available for the full PORTO cohort and many women 
did not have stress data collected until late in pregnancy. 
This may have resulted in selection bias and does not 
permit generalisation of these findings to other stages 
of pregnancy. Differences in key clinical characteristics, 
including pre-eclampsia, GA at delivery, birthweight, 
Apgar scores at 5 min and NICU admission, suggest that 
women included in these analyses may have been expe-
riencing somewhat healthier pregnancies than the rest 
of the PORTO cohort. Relatively low pregnancy-spe-
cific stress reported also limits detection of associations 
between maternal stress and fetal or neonatal outcomes. 
Women with appropriate for GA pregnancies were also 
not included in PORTO; these findings may therefore 
not be generalisable to the general obstetric popula-
tion. Medication use, illicit substance use, psychiatric 
diagnoses, domestic violence exposure and whether 
pregnancies were planned or unplanned were also not 
recorded. Only three studies linking prenatal stress and 
haemodynamics in pregnancy excluded women taking 

psychiatric medication;15 83 84 this is a limitation in the 
evidence on this topic.85 Likewise, although unplanned 
pregnancy has been associated with maternal depression 
and anxiety86–88 and intimate partner violence during 
pregnancy has been associated with an increased risk of 
low birthweight and prematurity,89 90 these factors are 
rarely considered in similar studies.

Importantly, conducting many statistical tests increases 
the likelihood that significant findings may be false 
positives. However, the Bonferroni correction was deter-
mined to be overly conservative for these analyses for 
two reasons. First, pregnancy-specific stress was highly 
correlated across gestation and the tests were therefore 
highly dependent, which was confirmed in this sample 
using Pearson’s correlations among the three binned PDQ 
scores. Second, this is the first repeated, time-sensitive 
analysis of associations between pregnancy-specific stress 
and fetoplacental haemodynamics or neonatal outcomes, 
and in the interest of avoiding type II errors, multiple 
comparison corrections were not performed. The results 
presented here should therefore be considered potential 
targets for future research rather than conclusive indi-
cations of the time-specific impact of pregnancy-specific 
stress on fetal well-being or neonatal outcomes.

This study also has several strengths. Comprehensive, 
repeatedly collected stress and haemodynamic data were 
available for a relatively large sample of women, CPRs 
could be calculated and there were sufficient women with 
AEDF to allow analysis for most time points. Although 
analysing stress at three time points reduces statistical 
power, it allows for time-specific insights into the effects 
of pregnancy-specific stress on Doppler ultrasound 
parameters and neonatal outcomes currently lacking in 
available studies. The overall sample size and sample sizes 
at each time point in the current study are also relatively 
large within the context of the available literature on 
prenatal stress and fetoplacental Doppler velocimetry.12 
Moreover, because this was an SGA sample, it was possible 
to examine associations between maternal stress and 
abnormal Doppler findings, while most studies to date 
have reported statistically but not clinically significant 
associations with continuous outcomes. None of the 12 
studies reporting associations between prenatal stress and 
Doppler ultrasound also reported neonatal outcomes.12 
Factor scores also permit novel insights about stressors 
faced by women with complicated pregnancies. This study 
further benefited from including ethnicity and depri-
vation index scores as potential confounding variables. 
Despite evidence linking socioeconomic status and preg-
nancy complications,48–53 few of the 12 previous studies 
adjusted for socioeconomic factors.

In summary, this study presents findings that preg-
nancy-specific stress was associated with increased odds 
of AEDF and abnormal MCA PI and reduced odds of 
abnormal UA PI and NICU admission in 331 women 
with SGA pregnancies. This study represents a valuable 
addition to research into associations between maternal 
prenatal stress and fetal and neonatal outcomes due to its 
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relatively large sample sizes, comprehensive data collec-
tion, repeated design, clinically useful dichotomisation of 
normal/abnormal blood flow and analysis of both overall 
stress and three specific stressors. These findings suggest 
that pregnancy-specific stress can be associated with 
fetoplacental haemodynamics and neonatal outcomes 
in women with SGA pregnancies, and merits further 
research attention.

Author affiliations
1School of Nursing and Midwifery, Queen’s University Belfast, Belfast, Northern 
Ireland
2Newborn Medicine, Brigham and Women's Hospital and Harvard Medical School, 
Boston, MA, USA
3Department of Pediatrics, University of British Columbia, Vancouver, British 
Columbia, Canada
4Child and Family Research Institute, Vancouver, British Columbia, Canada
5UCD CSTAR and School of Public Health, Physiotherapy and Sports Science, 
University College Dublin, Dublin, Ireland
6Department of Obstetrics and Gynaecology, Coombe Women and Infants University 
Hospital, Dublin, Ireland
7Department of Obstetrics and Gynaecology, Rotunda Hospital, Dublin, Ireland
8University College Dublin Centre for Human Reproduction, Coombe Women and 
Infants University Hospital, Dublin, Ireland
9Department of Obstetrics and Gynaecology, University College Cork, Cork University 
Maternity Hospital, Cork, Ireland
10Department of Obstetrics and Gynaecology, Royal Jubilee Maternity Hospital, 
Belfast, Northern Ireland
11Department of Obstetrics and Gynaecology, National University of Ireland, Galway, 
Ireland
12Department of Obstetrics and Gynaecology, Mid-Western Regional Maternity 
Hospital, Limerick, Ireland
13Department of Epidemiology and Public Health, Royal College of Surgeons in 
Ireland, Dublin, Ireland
14Department of Obstetrics and Gynaecology, Royal College of Surgeons in Ireland, 
Dublin, Ireland
15National Perinatal Epidemiology Unit, Oxford University, Oxford, UK
16UCD Perinatal Research Centre, Obstetrics and Gynaecology, School of Medicine, 
University College Dublin, National Maternity Hospital, Dublin, Ireland

Correction notice This paper has been amended since it was published Online 
First. Owing to a scripting error, some of the publisher names in the references 
were replaced with 'BMJ Publishing Group'. This only affected the full text version, 
not the PDF. We have since corrected theseerrors and the correct publishers have 
been inserted into the references.

Acknowledgements The authors thank the women who participated in the PORTO 
study, Dr Fiona Lynn for pregnancy-specific stress data entry, Dr Oliver Perra for 
data analysis guidance and the team of Perinatal Ireland research sonographers: 
Amanda Ali, Annette Burke, Fiona Cody, Emma Doolin, Phyl Gargan, Azy Khalid, 
Cecelia Mulcahy, Hilda O’Keefe, Wendy Ooi and Edel Varden.

Contributors TAL made substantial contributions to the analysis and interpretation 
of the data for this manuscript, drafted the initial manuscript, revised it critically for 
important intellectual content, approved the final version for publication and agrees 
to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and 
resolved. REG, FAA and FMMcA made substantial contributions to the analysis and 
interpretation of the data for this manuscript, revised the manuscript critically for 
important intellectual content, approved the final version for publication and agree 
to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and 
resolved. FAA and FMMcA also made substantial contributions to the conception 
and design of the work and the acquisition of the data for this manuscript. RS 
made substantial contributions to the analysis and interpretation of the data for this 
manuscript, revised it critically for important intellectual content, approved the final 
version for publication and agrees to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved. SD, MPG, MMK, KO’D, AH, JJM, GB, 
PD, ECT and FDM made substantial contributions to the conception and design of 

the work and the acquisition of the data for this manuscript, revised it critically for 
important intellectual content, approved the final version for publication and agree 
to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and 
resolved.

Funding TAL held a PhD studentship from Queen’s University Belfast in Northern 
Ireland, UK. The PORTO study was conducted by the Perinatal Ireland Research 
Consortium, a nationwide collaborative research network comprising of the seven 
largest academic obstetric centers in Ireland. The study was funded by the Health 
Research Board (HRB).

Competing interests None declared.

Ethics approval Institutional Review Boards at all participating centres.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement The authors welcome requests for any unpublished data 
associated with this study.

Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

references
 1. Alderdice F, Lynn F. Factor structure of the prenatal distress 

questionnaire. Midwifery 2011;27:553–9.
 2. Huizink AC, Mulder EJ, Robles de Medina PG, et al. Is pregnancy 

anxiety a distinctive syndrome? Early Hum Dev 2004;79:81–91.
 3. Blackmore ER, Gustafsson H, Gilchrist M, et al. Pregnancy-related 

anxiety: evidence of distinct clinical significance from a prospective 
longitudinal study. J Affect Disord 2016;197:251–8.

 4. Dole N, Savitz DA, Hertz-Picciotto I, et al. Maternal stress and 
preterm birth. Am J Epidemiol 2003;157:14–24.

 5. Kramer MS, Lydon J, Séguin L, et al. Stress pathways to 
spontaneous preterm birth: the role of stressors, psychological 
distress, and stress hormones. Am J Epidemiol 2009;169:1319–26.

 6. DiPietro JA, Hilton SC, Hawkins M, et al. Maternal stress and 
affect influence fetal neurobehavioral development. Dev Psychol 
2002;38:659–68.

 7. Huizink AC, Robles de Medina PG, Mulder EJ, et al. Stress during 
pregnancy is associated with developmental outcome in infancy. J 
Child Psychol Psychiatry 2003;44:810–8.

 8. DiPietro JA, Novak MF, Costigan KA, et al. Maternal psychological 
distress during pregnancy in relation to child development at age 
two. Child Dev 2006;77:573–87.

 9. Davis EP, Sandman CA. The timing of prenatal exposure to maternal 
cortisol and psychosocial stress is associated with human infant 
cognitive development. Child Dev 2010;81:131–48.

 10. Buss C, Davis EP, Muftuler LT, et al. High pregnancy anxiety during 
mid-gestation is associated with decreased gray matter density in 
6-9-year-old children. Psychoneuroendocrinology 2010;35:141–53.

 11. Buss C, Davis EP, Hobel CJ, et al. Maternal pregnancy-specific 
anxiety is associated with child executive function at 6-9 years age. 
Stress 2011;14:665–76.

 12. Levine TA, Alderdice FA, Grunau RE, et al. Prenatal stress and 
hemodynamics in pregnancy: a systematic review. Arch Womens 
Ment Health 2016;19:721–39. Epub ahead of print.

 13. Helbig A, Kaasen A, Malt UF, et al. Psychological distress after 
recent detection of fetal malformation: short-term effect on second-
trimester uteroplacental and fetoplacental circulation. BJOG 
2011;118:1653–7.

 14. Helbig A, Kaasen A, Malt UF, et al. Does antenatal maternal 
psychological distress affect placental circulation in the third 
trimester? PLoS One 2013;8:e57071.

 15. Mendelson T, DiPietro JA, Costigan KA, et al. Associations of 
maternal psychological factors with umbilical and uterine blood flow. 
J Psychosom Obstet Gynaecol 2011;32:3–9.

 16. Harville EW, Savitz DA, Dole N, et al. Stress and placental resistance 
measured by Doppler ultrasound in early and mid-pregnancy. 
Ultrasound Obstet Gynecol 2008;32:23–30.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.midw.2010.05.003
http://dx.doi.org/10.1016/j.earlhumdev.2004.04.014
http://dx.doi.org/10.1016/j.jad.2016.03.008
http://dx.doi.org/10.1093/aje/kwf176
http://dx.doi.org/10.1093/aje/kwp061
http://dx.doi.org/10.1037/0012-1649.38.5.659
http://dx.doi.org/10.1111/1469-7610.00166
http://dx.doi.org/10.1111/1469-7610.00166
http://dx.doi.org/10.1111/j.1467-8624.2006.00891.x
http://dx.doi.org/10.1111/j.1467-8624.2009.01385.x
http://dx.doi.org/10.1016/j.psyneuen.2009.07.010
http://dx.doi.org/10.3109/10253890.2011.623250
http://dx.doi.org/10.1007/s00737-016-0645-1
http://dx.doi.org/10.1007/s00737-016-0645-1
http://dx.doi.org/10.1111/j.1471-0528.2011.03155.x
http://dx.doi.org/10.1371/journal.pone.0057071
http://dx.doi.org/10.3109/0167482X.2010.544427
http://dx.doi.org/10.1002/uog.5344


10 Levine TA, et al. BMJ Open 2017;7:e015326. doi:10.1136/bmjopen-2016-015326

Open Access 

 17. Kochenour NK. Doppler velocimetry in pregnancy. Seminars in 
Ultrasound, CT and MRI 1993;14:249–66.

 18. Adamson SL, Morrow RJ, Bascom PA, et al. Effect of placental 
resistance, arterial diameter, and blood pressure on the uterine 
arterial velocity waveform: a computer modeling approach. 
Ultrasound Med Biol 1989;15:437–42.

 19. Bartha JL, Comino-Delgado R, Gonzalez-Mena C, et al. Umbilical 
blood flow and neonatal morphometry: a multivariate analysis. Eur J 
Obstet Gynecol Reprod Biol 1998;79:27–33.

 20. Johnson P, Stojilkovic T, Sarkar P. Middle cerebral artery Doppler in 
severe intrauterine growth restriction. Ultrasound Obstet Gynecol 
2001;17:416–20.

 21. Odibo AO, Riddick C, Pare E, et al. Cerebroplacental Doppler Ratio 
and adverse perinatal outcomes in Intrauterine Growth restriction. 
Journal of Ultrasound in Medicine 2005;24:1223–8.

 22. Gramellini D, Folli MC, Raboni S, et al. Cerebral-umbilical Doppler 
ratio as a predictor of adverse perinatal outcome. Obstet Gynecol 
1992;79:416–20.

 23. Arias F. Accuracy of the middle-cerebral-to-umbilical-artery 
resistance index ratio in the prediction of neonatal outcome in 
patients at high risk for fetal and neonatal complications. Am J 
Obstet Gynecol 1994;171:1541–5.

 24. Bahado-Singh RO, Kovanci E, Jeffres A, et al. The Doppler 
cerebroplacental ratio and perinatal outcome in intrauterine growth 
restriction. Am J Obstet Gynecol 1999;180:750–6.

 25. Unterscheider J, Daly S, Geary MP, et al. Optimizing the definition of 
intrauterine growth restriction: the multicenter prospective PORTO 
Study. Am J Obstet Gynecol. In Press. 2013;208:290.e1–290.e6.

 26. Hadlock FP, Harrist RB, Sharman RS, et al. Estimation of fetal weight 
with the use of head, body, and femur measurements--a prospective 
study. Am J Obstet Gynecol 1985;151:333–7.

 27. Baschat AA, Gembruch U. The Cerebroplacental Doppler ratio 
revisited. Ultrasound Obstet Gynecol 2003;21:124–7.

 28. Unterscheider J, Daly S, Geary MP, et al. Predictable Progressive 
Doppler deterioration in IUGR: does it really exist? Am J Obstet 
Gynecol 2013;209:539.e1–539.e7.

 29. Alderdice F, Savage-McGlynn E, Martin C, et al. The prenatal distress 
questionnaire: an investigation of factor structure in a high risk 
population. J Reprod Infant Psychol 2013;31:456–64.

 30. Horbar JD. The Vermont Oxford Network: evidence-based quality 
improvement for neonatology. Pediatrics. In Press. 1999;103:350–9.

 31. Acharya G, Wilsgaard T, Berntsen GK, et al. Reference ranges 
for serial measurements of umbilical artery Doppler indices in the 
second half of pregnancy. Am J Obstet Gynecol 2005;192:937–44.

 32. Ebbing C, Rasmussen S, Kiserud T. Middle cerebral artery blood 
flow velocities and pulsatility index and the cerebroplacental 
pulsatility ratio: longitudinal reference ranges and terms for serial 
measurements. Ultrasound Obstet Gynecol 2007;30:287–96.

 33. Flood K, Unterscheider J, Daly S, et al. The role of brain sparing in 
the prediction of adverse outcomes in intrauterine growth restriction: 
results of the multicenter PORTO Study. Am J Obstet Gynecol. In 
Press. 2014;211:288.e1–288.e5.

 34. Haase T, Pratschke J, Gleeson J. The 2011 all-island HP deprivation 
index: consistent deprivation measures for the island of ireland. 
based on the 2011 census of deprivation 2014.

 35. Akolekar R, Sarno L, Wright A, et al. Fetal middle cerebral artery and 
umbilical artery pulsatility index: effects of maternal characteristics 
and medical history. Ultrasound Obstet Gynecol 2015;45:402–8.

 36. Rua EA, Porto ML, Ramos JP, et al. Effects of tobacco smoking 
during pregnancy on oxidative stress in the umbilical cord and 
mononuclear blood cells of neonates. J Biomed Sci. In Press. 
2014;21:105.

 37. Milnerowicz-Nabzdyk E, Bizoń A. Effect of cigarette smoking on 
vascular flows in pregnancies complicated by intrauterine growth 
restriction. Reprod Toxicol 2014;50:27–35.

 38. Yildiz S, Sezer S, Boyar H, et al. Impact of passive smoking on 
uterine, umbilical, and fetal middle cerebral artery blood flows. Jpn J 
Radiol 2011;29:718–24.

 39. Machado JB, Plínio Filho VM, Petersen GO, et al. Quantitative effects 
of tobacco smoking exposure on the maternal-fetal circulation. BMC 
Pregnancy Childbirth. In Press. 2011;11:24.

 40. Carter RC, Wainwright H, Molteno CD, et al. Alcohol, 
Methamphetamine, and Marijuana exposure have distinct effects on 
the human placenta. Alcohol Clin Exp Res 2016;40:753–64.

 41. Lehikoinen A, Ordén MR, Heinonen S, et al. Maternal drug or alcohol 
abuse is associated with decreased head size from mid-pregnancy 
to childhood. Acta Paediatr 2016;105:817–22.

 42. Seravalli V, Block-Abraham DM, Turan OM, et al. Second-trimester 
prediction of delivery of a small-for-gestational-age neonate: 
integrating Sequential Doppler information, Fetal biometry, and 
Maternal characteristics. Prenat Diagn 2014;34:1037–43.

 43. Seravalli V, Block-Abraham DM, Turan OM, et al. First-trimester 
prediction of small-for-gestational age neonates incorporating fetal 
doppler parameters and maternal characteristics. Am J Obstet 
Gynecol. In Press. 2014;211:261.e1–261.e8.

 44. Familiari A, Bhide A, Morlando M, et al. Mid-pregnancy fetal 
biometry, uterine artery Doppler indices and maternal demographic 
characteristics: role in prediction of small-for-gestational-age birth. 
Acta Obstet Gynecol Scand 2016;95:238–44.

 45. Reynolds LP, Borowicz PP, Caton JS, et al. Uteroplacental vascular 
development and placental function: an update. Int J Dev Biol 
2010;54(2-3):355–66.

 46. Gupta S, Misra R, Ghosh UK, et al. Comparison of foetomaternal 
circulation in normal pregnancies and pregnancy induced 
hypertension using color doppler studies. Indian J Physiol Pharmacol 
2014;58:284–9.

 47. Lopez-Mendez MA, Martinez-Gaytan V, Cortes-Flores R, et al. 
Doppler ultrasound evaluation in preeclampsia. BMC Res Notes 
2013;6:477.

 48. Haelterman E, Qvist R, Barlow P, et al. Social deprivation and poor 
access to care as risk factors for severe pre-eclampsia. Eur J Obstet 
Gynecol Reprod Biol 2003;111:25–32.

 49. Moser K, Li L, Power C. Social inequalities in low birth weight in 
England and Wales: trends and implications for future population 
health. J Epidemiol Community Health 2003;57:687–91.

 50. Peacock JL, Bland JM, Anderson HR. Preterm delivery: effects of 
socioeconomic factors, psychological stress, smoking, alcohol, and 
caffeine. BMJ 1995;311:531–5.

 51. Raum E, Arabin B, Schlaud M, et al. The impact of maternal 
education on intrauterine growth: a comparison of former West and 
East Germany. Int J Epidemiol 2001;30:81–7.

 52. Silva LM, Coolman M, Steegers EA, et al. Low socioeconomic status 
is a risk factor for preeclampsia: the generation R study. J Hypertens 
2008;26:1200–8.

 53. Silva LM, Jansen PW, Steegers EA, et al. Mother's educational level 
and fetal growth: the genesis of health inequalities. Int J Epidemiol 
2010;39:1250–61.

 54. Woods-Giscombé CL, Lobel M, Crandell JL. The impact of 
miscarriage and parity on patterns of maternal distress in pregnancy. 
Res Nurs Health 2010;33:316–28.

 55. Tsartsara E, Johnson MP. The impact of miscarriage on women's 
pregnancy-specific anxiety and feelings of prenatal maternal-
fetal attachment during the course of a subsequent pregnancy: 
an exploratory follow-up study. J Psychosom Obstet Gynaecol 
2006;27:173–82.

 56. Geller PA, Kerns D, Klier CM. Anxiety following miscarriage and 
the subsequent pregnancy: a review of the literature and future 
directions. J Psychosom Res 2004;56:35–45.

 57. DeBackere KJ, Hill PD, Kavanaugh KL. The parental experience 
of pregnancy after perinatal loss. J Obstet Gynecol Neonatal Nurs 
2008;37:525–37.

 58. Chang JK, Roman C, Heymann MA. Effect of endothelium-derived 
relaxing factor inhibition on the umbilical-placental circulation in fetal 
lambs in utero. Am J Obstet Gynecol 1992;166:727–34.

 59. Giles WB, Trudinger BJ, Baird PJ. Fetal umbilical artery flow velocity 
waveforms and placental resistance: pathological correlation. Br J 
Obstet Gynaecol 1985;92:31–8.

 60. Grunewald C, Kublickas M, Carlström K, et al. Effects of nitroglycerin 
on the uterine and umbilical circulation in severe preeclampsia. 
Obstet Gynecol 1995;86:600–4.

 61. Olivenza R, Moro MA, Lizasoain I, et al. Chronic stress induces the 
expression of inducible nitric oxide synthase in rat brain cortex. J 
Neurochem 2000;74:785–91.

 62. Bruder-Nascimento T, Campos DH, Cicogna AC, et al. Chronic 
stress improves NO- and Ca2+ flux-dependent vascular function: a 
pharmacological study. Arq Bras Cardiol 2015;104:226–33.

 63. Giles W, O'Callaghan S, Read M, et al. Placental nitric oxide synthase 
activity and abnormal umbilical artery flow velocity waveforms. 
Obstet Gynecol 1997;89:49–52.

 64. Roe CM, Leitch IM, Boura AL, et al. Nitric oxide regulation of 
corticotropin-releasing hormone release from the human perfused 
placenta in vitro. J Clin Endocrinol Metab 1996;81:763–9.

 65. Clifton VL, Read MA, Leitch IM, et al. Corticotropin-releasing hormone-
induced vasodilatation in the human fetal-placental circulation: 
involvement of the nitric oxide-cyclic guanosine 3',5'-monophosphate-
mediated pathway. J Clin Endocrinol Metab 1995;80:2888–93.

 66. Clifton VL, Read MA, Leitch IM, et al. Corticotropin-releasing 
hormone vasodilation in the human fetal circulation. Journal of 
Clinical Endocrinology and Metabolism 1994;76:666–9.

 67. Nodwell A, Carmichael L, Fraser M, et al. Placental release of 
corticotrophin-releasing hormone across the umbilical circulation of 
the human newborn. Placenta 1999;20(2-3):197–202.

http://dx.doi.org/10.1016/S0887-2171(05)80100-3
http://dx.doi.org/10.1016/S0887-2171(05)80100-3
http://dx.doi.org/10.1016/0301-5629(89)90096-3
http://dx.doi.org/10.1016/S0301-2115(98)00025-6
http://dx.doi.org/10.1016/S0301-2115(98)00025-6
http://dx.doi.org/10.1046/j.1469-0705.2001.00404.x
http://dx.doi.org/10.7863/jum.2005.24.9.1223
http://dx.doi.org/10.1097/00006250-199203000-00018
http://dx.doi.org/10.1016/S0002-9378(99)70283-8
http://dx.doi.org/10.1016/j.ajog.2013.02.007
http://dx.doi.org/10.1016/0002-9378(85)90298-4
http://dx.doi.org/10.1002/uog.20
http://dx.doi.org/10.1016/j.ajog.2013.08.039
http://dx.doi.org/10.1016/j.ajog.2013.08.039
http://dx.doi.org/10.1080/02646838.2013.830210
http://dx.doi.org/10.1016/j.ajog.2004.09.019
http://dx.doi.org/10.1002/uog.4088
http://dx.doi.org/10.1016/j.ajog.2014.05.008
http://dx.doi.org/10.1002/uog.14824
http://dx.doi.org/10.1186/s12929-014-0105-z
http://dx.doi.org/10.1016/j.reprotox.2014.10.002
http://dx.doi.org/10.1007/s11604-011-0622-6
http://dx.doi.org/10.1007/s11604-011-0622-6
http://dx.doi.org/10.1186/1471-2393-11-24
http://dx.doi.org/10.1186/1471-2393-11-24
http://dx.doi.org/10.1111/acer.13022
http://dx.doi.org/10.1111/apa.13416
http://dx.doi.org/10.1002/pd.4418
http://dx.doi.org/10.1016/j.ajog.2014.03.022
http://dx.doi.org/10.1016/j.ajog.2014.03.022
http://dx.doi.org/10.1111/aogs.12804
http://dx.doi.org/10.1387/ijdb.082799lr
http://dx.doi.org/10.1186/1756-0500-6-477
http://dx.doi.org/10.1016/S0301-2115(03)00161-1
http://dx.doi.org/10.1016/S0301-2115(03)00161-1
http://dx.doi.org/10.1136/jech.57.9.687
http://dx.doi.org/10.1136/bmj.311.7004.531
http://dx.doi.org/10.1093/ije/30.1.81
http://dx.doi.org/10.1097/HJH.0b013e3282fcc36e
http://dx.doi.org/10.1093/ije/dyq069
http://dx.doi.org/10.1002/nur.20389
http://dx.doi.org/10.1080/01674820600646198
http://dx.doi.org/10.1016/S0022-3999(03)00042-4
http://dx.doi.org/10.1111/j.1552-6909.2008.00275.x
http://dx.doi.org/10.1016/0002-9378(92)91704-E
http://dx.doi.org/10.1111/j.1471-0528.1985.tb01045.x
http://dx.doi.org/10.1111/j.1471-0528.1985.tb01045.x
http://dx.doi.org/10.1016/0029-7844(95)00197-Y
http://dx.doi.org/10.1046/j.1471-4159.2000.740785.x
http://dx.doi.org/10.1046/j.1471-4159.2000.740785.x
http://dx.doi.org/10.5935/abc.20140207
http://dx.doi.org/10.1016/S0029-7844(96)00371-7
http://dx.doi.org/10.1210/jcem.81.2.8636301
http://dx.doi.org/10.1210/jcem.80.10.7559870
http://dx.doi.org/10.1053/plac.1998.0357


 11Levine TA, et al. BMJ Open 2017;7:e015326. doi:10.1136/bmjopen-2016-015326

Open Access

 68. Jones CT, Gu W, Parer JT. The control of the output of corticotropin-
releasing hormone from sheep placenta. Journal of Developmental 
Physiology 1989;11:121–34.

 69. Sug-Tang A, Bocking AD, Brooks AN, et al. Effects of restricting 
uteroplacental blood flow on concentrations of corticotrophin-
releasing hormone, adrenocorticotrophin, cortisol, and prostaglandin 
E2 in the sheep fetus during late pregnancy. Can J Physiol Pharmacol 
1992;70:1396–402.

 70. Lobel M, Conceptualizations LM. Conceptualizations, measurement, 
and effects of prenatal maternal stress on birth outcomes. J Behav 
Med 1994;17:225–72.

 71. Lobel M, Cannella DL, Graham JE, et al. Prenatal health behaviors, 
and birth outcomes. Health Psychology 2008;27:604–15.

 72. Lobel M, Hamilton JG, Cannella DT. Psychosocial perspectives 
on Pregnancy: prenatal maternal stress and coping. Soc Personal 
Psychol Compass 2008;2:1600–23.

 73. Duncan AF, Watterberg KL, Nolen TL, et al. Effect of 
ethnicity and race on cognitive and language testing at 
age 18-22 months in extremely preterm infants. J Pediatr 
2012;160:966–71.

 74. Giscombé CL, Lobel M, Giscombé CL, Lobel M. Explaining 
disproportionately high rates of adverse birth outcomes among 
african Americans: the impact of stress, racism, and related factors 
in pregnancy. Psychol Bull 2005;131:662–83.

 75. Hilmert CJ, Dominguez TP, Schetter CD, et al. Lifetime racism and 
blood pressure changes during pregnancy: implications for fetal 
growth. Health Psychol 2014;33:43–51.

 76. Dunkel Schetter C, Niles AN, Guardino CM, et al. Demographic, 
medical, and Psychosocial Predictors of Pregnancy anxiety. Paediatr 
Perinat Epidemiol 2016;30:421–9.

 77. Cerulli C, Talbot NL, Tang W, et al. Co-occurring intimate partner 
violence and mental health diagnoses in perinatal women. J Womens 
Health 2011;20:1797–803.

 78. Crempien RC, Rojas G, Cumsille P, et al; Domestic violence during 
pregnancy and mental health: exploratory study in primary health 
centers in peñalolén. Obstetrics and Gynecology: International 
Scholarly Research Network, 2011.

 79. Faramarzi M, Esmaelzadeh S, Prevalence MS. Maternal 
complications and birth outcome of physical, sexual, and 
emotional domestic violence during pregnancy. Acta Medica 
Iranica 2005;43:115–22.

 80. Roos A, Geerts L, Koen N, et al. Psychosocial predictors of 
fetoplacental blood flow during pregnancy. Compr Psychiatry 
2015;57:125–31.

 81. Feldman PJ, Dunkel-Schetter C, Sandman CA, et al. Maternal social 
support predicts birth weight and fetal growth in human pregnancy. 
Psychosom Med 2000;62:715–25.

 82. Stapleton LR, Schetter CD, Westling E, et al. Perceived partner 
support in pregnancy predicts lower maternal and infant distress. J 
Fam Psychol 2012;26:453–63.

 83. Sjöström K, Valentin L, Thelin T, et al. Maternal anxiety in late 
pregnancy and fetal hemodynamics. Eur J Obstet Gynecol Reprod 
Biol 1997;74:149–55.

 84. Maina G, Saracco P, Giolito MR, et al. Impact of maternal 
psychological distress on fetal weight, prematurity and intrauterine 
growth retardation. J Affect Disord 2008;111(2-3):214–20.

 85. Monk C, Newport DJ, Korotkin JH, et al. Uterine blood flow in a 
psychiatric population: impact of maternal depression, anxiety, and 
psychotropic medication. Biol Psychiatry 2012;72:483–90.

 86. Biaggi A, Conroy S, Pawlby S, et al. Identifying the women at risk 
of antenatal anxiety and depression: a systematic review. J Affect 
Disord 2016;191:62–77.

 87. Bahk J, Yun SC, Kim YM, et al. Impact of unintended pregnancy on 
maternal mental health: a causal analysis using follow up data of the 
Panel Study on korean children (PSKC). BMC Pregnancy Childbirth. 
In Press. 2015;15:85.

 88. Bayrampour H, McDonald S, Tough S. Risk factors of transient and 
persistent anxiety during pregnancy. Midwifery 2015;31:582–9.

 89. Janssen PA, Holt VL, Sugg NK, et al. Intimate partner violence and 
adverse pregnancy outcomes: a population-based study. Am J 
Obstet Gynecol 2003;188:1341–7.

 90. Donovan BM, Spracklen CN, Schweizer ML, et al. Intimate partner 
violence during pregnancy and the risk for adverse infant outcomes: 
a systematic review and meta-analysis. BJOG 2016;123:1289–99.

http://dx.doi.org/10.1139/y92-196
http://dx.doi.org/10.1007/BF01857952
http://dx.doi.org/10.1007/BF01857952
http://dx.doi.org/10.1111/j.1751-9004.2008.00119.x
http://dx.doi.org/10.1111/j.1751-9004.2008.00119.x
http://dx.doi.org/10.1016/j.jpeds.2011.12.009
http://dx.doi.org/10.1037/0033-2909.131.5.662
http://dx.doi.org/10.1037/a0031160
http://dx.doi.org/10.1111/ppe.12300
http://dx.doi.org/10.1111/ppe.12300
http://dx.doi.org/10.1089/jwh.2010.2201
http://dx.doi.org/10.1089/jwh.2010.2201
http://dx.doi.org/10.1016/j.comppsych.2014.11.011
http://dx.doi.org/10.1097/00006842-200009000-00016
http://dx.doi.org/10.1037/a0028332
http://dx.doi.org/10.1037/a0028332
http://dx.doi.org/10.1016/S0301-2115(97)00100-0
http://dx.doi.org/10.1016/S0301-2115(97)00100-0
http://dx.doi.org/10.1016/j.jad.2008.02.017
http://dx.doi.org/10.1016/j.biopsych.2012.05.006
http://dx.doi.org/10.1016/j.jad.2015.11.014
http://dx.doi.org/10.1016/j.jad.2015.11.014
http://dx.doi.org/10.1186/s12884-015-0505-4
http://dx.doi.org/10.1016/j.midw.2015.02.009
http://dx.doi.org/10.1067/mob.2003.274
http://dx.doi.org/10.1067/mob.2003.274
http://dx.doi.org/10.1111/1471-0528.13928

