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A B S T R A C T

Prenatal environment has long-lasting effects on offspring development and health. Research on prenatal stress
identified various mechanisms of these effects, from changes in epigenetic and gene expression profiles to
Maternal-Placental-Fetal (MPF) stress biology. There is also evidence for the role of additional risk and protective
factors influencing the impact of prenatal stress on maternal and infant outcomes. Considering these findings, we
present the study protocol of BABIP, a prospective birth cohort from Turkey. The aim of the project is to
investigate the effect of prenatal stress on MPF stress biology (i.e. neuroendocrine, immune and metabolic sys-
tems), differential DNA methylation and gene expression patterns, and infant birth and developmental outcomes.
We are recruiting 150 pregnant women and their babies for a longitudinal project with 4 time points: 20–24 (T1)
and 30–34 (T2) weeks of pregnancy, and 1-month (T3) and 4-months (T4) after giving birth. Maternal early and
prenatal environment (prenatal stress, early life stress, psychosocial resources, and health-related behaviors) are
assessed during pregnancy with MPF stress biology, DNA methylation and gene expression measures. Infant birth
outcomes, DNA methylation and development are assessed postpartum. BABIP is the first prospective birth cohort
from Turkey with extensive measures on prenatal environment and health. Through investigating the multilevel
impact of prenatal stress and related risk and protective factors during and after pregnancy, BABIP will contribute
to our understanding of the mechanisms by which prenatal environment influences infant development and
health. Being the first such cohort from Turkey, it may also allow identification of prenatal risk and protective
factors specific to the context and population in Turkey.
Epidemiological research in the last few decades established the
importance of prenatal environment on offspring’s life-long health and
disease risk (Halfon et al., 2018). Studies on the role of various psycho-
social and behavioral prenatal factors reported persistent changes in
offspring health, observed as early as in birth outcomes (e.g. birth weight,
gestation length) to risk for later cardiovascular, metabolic, immune, and
psychological disorders (Gluckman et al., 2008; Langley-Evans and
McMullen, 2010). These findings led to the development of fetal pro-
gramming approaches to health and disease across the life span (e.g.
Developmental Origins of Health and Disease; Wadhwa et al., 2009).

In this context, prenatal stress has been themost widely examined risk
factor that in humans primarily encompasses exposure to acute and
chronic stressors, mood disorders or low socioeconomic status (SES)
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during pregnancy (Entringer et al., 2010). Prenatal stress has been
associated with adverse health outcomes across the life span, starting
from birth (e.g. preterm birth and low birth weight), to infancy and
childhood (e.g. increased allergies, socioemotional and cognitive prob-
lems, and higher risk for metabolic and psychological disorders), and
adulthood (e.g. higher risk for cardiovascular, neuropsychiatric, meta-
bolic disorders (Entringer et al., 2015; Glover, 2014; Halfon et al., 2018;
Wadhwa et al., 2001). The way prenatal stress leads to these health
problems is suggested to be through changes in Maternal-Placental-Fetal
(MPF) stress biology (Entringer et al., 2010; Osborne et al., 2018; Van
den Bergh et al., 2017; Wadhwa, 2005). So far, prenatal stress has been
linked primarily with neuroendocrine and immune system markers of
MPF stress biology, such as markers of the
tanbul, Turkey.
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Hypothalamic-Pituitary-Adrenal (HPA) axis (e.g. placental Corticotropin
Releasing Hormone (pCRH), adrenocorticotropic hormone (ACTH) and
cortisol) and inflammation (e.g. C-reactive protein (CRP), cytokines like
interleukin (IL) 6, 10, 1β, and Tumor Necrosis Factor-α; Entringer et al.,
2015; Entringer and Wadhwa, 2013; Hantsoo et al., 2019; Plant et al.,
2016; Rakers et al., 2017; Sandman, 2018; Van den Bergh et al., 2017;
Wadhwa, 2005). In addition to these markers, there is emerging evidence
for changes by prenatal stress at the molecular level, such as in epigenetic
(mostly DNA methylation) and gene expression patterns of mothers and
newborns (e.g. Braithwaite et al., 2015; Capron et al., 2018; Kertes et al.,
2016; McGowan and Matthews, 2018; Miller et al., 2017; Sosnowski
et al., 2018). These results from different levels of analysis emphasize the
importance attaining a multilevel perspective in understanding the
impact of prenatal stress.

Apart from the widespread effects of prenatal stress, previous
research identified additional factors that may alter these effects. First of
all, characteristics of prenatal stressors, such as their type, timing, and
duration, are important to consider while measuring prenatal stress
(reviewed in Wadhwa, 2005). Secondly, various studies emphasized the
role of early life stress (ELS; e.g. childhood traumatic experiences, low
family SES) on prenatal stress and programming of stress biology,
possibly via epigenetic mechanisms (Anacker et al., 2014; Baumeister
et al., 2016; Choi and Sikkema, 2016; Danese and J Lewis, 2017; Danese
et al., 2007; Heim and Binder, 2012; Murgatroyd, 2014). Given the ev-
idence on the intergenerational impact of maternal ELS on offspring
development and health (Buss et al., 2017; Moog et al., 2018; Plant et al.,
2013, 2018), it is necessary to consider maternal ELS while investigating
prenatal stress. Thirdly, prenatal stress was reported to interact with
other health-related behaviors, such as nutrition, sleep and smoking,
which may further influence offspring health (Damron, 2017; Hux et al.,
2017; Lindsay et al., 2017; Okun et al., 2014). For instance, various
studies established associations between nutrition during pregnancy and
metabolic outcomes of the mother and offspring, from lipid profiles (e.g.
cholesterol, triglycerides) and adipokine levels (e.g. leptin, adiponectin)
to BMI, weight gain and obesity measures, influencing maternal and
offspring health (e.g. Gademan et al., 2014; Mudd et al., 2015; Valleau
and Sullivan, 2014). Finally, although there is evidence on the protective
effects of prenatal factors like psychosocial resources (e.g. social support,
self-esteem) on maternal and offspring health during and after pregnancy
(e.g. Franck et al., 2016; Katzow et al., 2019; Li et al., 2017; Stapleton
et al., 2012; Tani and Castagna, 2017), very few studies so far considered
their role in relation to prenatal stress and changes in stress biology (e.g.
Hahn-Holbrook et al., 2013; Luecken et al., 2013; Ross et al., 2019).
Considering these results, it is important to have comprehensive mea-
sures of prenatal stress, together with measures of ELS, health-related
behaviors and psychosocial resources.

In light of the progress in the field summarized above, we initiated the
first prospective birth cohort from Turkey (BABIP - Bogazici Mother-Baby
Relationship Project) that focuses on the role of prenatal risk and pro-
tective factors on stress biology and infant development with the
following aims:

Aim 1: a) To investigate the impact of prenatal stress onmaternal MPF
stress biology during pregnancy (i.e. neuroendocrine, immune and
metabolic systems), and b) whether MPF stress biology mediates this
impact on child birth and developmental outcomes.
Aim 2: To investigate the contributions of maternal ELS, psychosocial
resources and health-related behaviors on the associations investi-
gated at Aim 1.
Aim 3: To investigate differential whole genome blood DNA
methylation and gene expression patterns of women at high and low
quartiles of prenatal stress.
Aim 4: To investigate differential whole genome salivary DNA
methylation patterns of babies born to women at high and low
quartiles of prenatal stress, controlling for postnatal environment.
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1. Methods

1.1. Participants and study design

The project is approved by the Human Research and Ethics Com-
mittee of Bogazici University. We plan to recruit a total of 150 pregnant
women and their babies from Istanbul, Turkey, through doctors’ offices,
flyers and online advertisements. Data collection has already started in
2018 and is expected to continue until April 2020. Women interested in
participation are checked for eligibility via phone interviews and are
included in the study if they are from Turkey, older than 18 years of age,
within 24 weeks of pregnancy, have a singleton intrauterine pregnancy
and no current diagnosis of chronic disorders or severe pregnancy com-
plications. The timeline and procedure of the study is summarized as the
following (Fig. 1): Eligible participants are scheduled for their first visit
at Biruni Laboratories, our collaborating private laboratory near Bogazici
University, during 20–24 weeks of pregnancy (T1). During this visit, oral
and written consents are obtained by trained graduate assistants. After-
wards, participants complete questionnaires, give saliva samples and
have blood their blood samples collected by nurses. They are also
instructed on the saliva sampling procedure at home and provided with
saliva collection kits (including Salivettes, sleep diaries, sampling time
sheets). The whole visit lasts about 1.5–2 hours. The second visit (T2) is
during 30–34 weeks of pregnancy and follows a similar procedure as T1,
except consenting. All the questionnaire and biological samples collected
are transferred immediately to our Psychoepigenetics Laboratory at
Bogazici University and processed and stored there under appropriate
conditions until further use. One-month after giving birth (T3), a paper or
an online questionnaire is sent to mothers assessing maternal health and
psychological well-being as well as infant birth outcomes and health. The
final assessment is conducted 4-months after giving birth (T4) as a home
visit, collecting measures on mothers’ health, psychological well-being,
and relationship with the infant, as well as infant’s saliva and develop-
ment. For their participation, mothers are compensated with information
booklets and 4 online expert seminars about health during pregnancy and
child development. In addition, they receive a detailed report of their
baby’s development at 4 months together with children books.

1.2. Maternal early and perinatal environmental measures

Participants complete standardized questionnaires in Turkish about
demographics, health history (e.g. diagnoses, medications), health-
related behaviors (e.g. nutrition, sleep, smoking), psychosocial re-
sources (e.g. social support, self-esteem), ELS (e.g. childhood traumatic
experiences, family SES) and prenatal stress (e.g. SES, health, psycho-
logical well-being, pregnancy-related worry). For state measures, such as
psychological well-being (i.e. current depression and anxiety symptoms),
the same measures are completed at multiple time points. At T3 & T4,
mothers also report on any birth complications and health problems.

1.3. MPF stress biology measures

MPF stress biology markers of the neuroendocrine (blood pCRH,
salivary cortisol across two days), immune (CRP, IL-6) and metabolic
systems (leptin, cholesterol (HDL& LDL)) will be measured at T1 and T2.
For salivary cortisol, measures of cortisol awakening response, diurnal
slope and total cortisol output will be calculated from samples collected
across the day.

1.4. Molecular measures

At the molecular level, whole genome DNA methylation and gene
expression arrays will be performed from blood samples collected at T1
by PAXgene DNA and RNA tubes, respectively. Differential DNA
methylation and gene expression patterns of individuals at high and low
quartiles of prenatal stress will be compared, controlling for



Fig. 1. Project timeline and summary of maternal and infant measures.

Table 1
Descriptive characteristics of maternal and infant outcomes.

Maternal outcomes M (SD) or %

Age 32.80 (3.7)
Married 100%
Pre-pregnancy BMI 22.95 (5.17)
Planned pregnancy 85%
Nulliparous 71%
Education (higher education %) 83%
Satisfaction with housing conditions 75%
Smoking before pregnancy 30%
Smoking during pregnancy 12%

Infant birth outcomes

Sex (% girls) 33%
Gestation length (weeks) 39.67 (0.9)
Birth weight (kg) 3.33 (0.3)
Birth height (cm) 48.83 (1.3)
Birth head circumference (cm) 35.40 (1.4)
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demographics, ELS, health and health-related behaviors and psychoso-
cial resources.

1.5. Infant measures

After giving birth (T3& T4), mothers complete questionnaires related
to infant’s birth outcomes (e.g. birth weight, height and head circum-
ference, gestation length), health, and breastfeeding, nutrition and sleep
routines. During the visit at T4, trained graduate assistants collect saliva
samples from the infants via Oragene OG-250 kits for whole genomeDNA
methylation analysis and measure infants’ motor, social, cognitive and
communicative development via standardized developmental tests. Dif-
ferential salivary DNA methylation patterns of infants will be compared
between those born to mothers from high and low quartiles of prenatal
stress, controlling for demographics, ELS, health and health-related be-
haviors, and psychosocial resources, and postnatal maternal and infant
environment (e.g. health, routines, psychological well-being).

1.6. Data privacy, management and analysis plan

All participants are assigned with ID numbers throughout the study
and no personal information is utilized on any of the measures collected.
Only the principal investigator and graduate project assistants are pro-
vided access to the online password-protected file with identifying in-
formation. All of the questionnaires and biological samples collected are
immediately transferred to and stored under lock at our laboratory at
Bogazici University until further analysis. Data is entered into files in
Bogazici University’s secured network. In case of withdrawal from the
study, all of participants’ questionnaires, biological samples and data are
destroyed according to appropriate guidelines.

Composite scores of prenatal stress, ELS, and psychosocial behavior
will be created from the different questionnaires used for each variable.
For testing Aims 1& 2, mixed-effects regression models will be utilized to
test the effects on MPF stress biology markers at T1 and T2. For whole
genome DNAmethylation and gene expression arrays, samples of women
3

at the high and low quartiles of prenatal stress and their infants will be
processed. Differential DNA methylation and gene expression patterns
will be calculated between high and low prenatal stress groups, con-
trolling for aforementioned covariates. Differentially expressed genes
will be confirmed by qPCRs. Further bioinformatic analysis will be con-
ducted for determining gene networks influenced by prenatal stress.

1.7. Descriptive characteristics

Currently, 65 pregnant women participated in the study (T1) and 20
are scheduled to participate starting from their 20th week of pregnancy.
Six participants withdrew from the study after T1 due to moving to other
cities, unwillingness to participate, and time and logistic constraints. The
descriptive characteristics of the remaining women and the babies
assessed so far (N¼ 6) are summarized in Table 1.
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2. Discussion

BABIP is the first prospective birth cohort from Turkey investigating
the impact of prenatal stress on infant development and health through
multiple MPF stress biology and molecular measures. It also has a sig-
nificance by considering the role of ELS, psychosocial resources and
health-related behaviors together with prenatal stress. Through this
project, we aim to contribute to our understanding of the underlying
pathways and mother-infant outcomes influenced by prenatal stress.
Considering that most of the existing studies of prenatal stress in Turkey
so far focused on maternal health (e.g. Bolak Boratav et al. (2016) on
postpartum depression) and infant birth outcomes (e.g. Uguz et al.
(2013) on birth weight and gestation length) rather than biological
mechanisms, this cohort will also allow determining any aspects of the
prenatal environment and stress biology that is important for the context
and population of Turkey.

Until now, we have encountered some challenges in our study that
needs to be acknowledged together with other limitations. Our first
challenge is the representativeness of the population in terms of SES.
Majority of our participants are from middle to high SES. We identified
the main reasons for less participation from lower SES groups as time and
logistic difficulties (e.g. working and transportation conditions) and bias
for providing biological samples. In order to overcome this challenge, we
are now communicating with local municipalities and family health
centers for reaching out to women from lower SES neighborhoods. In
addition, we are developing strategies for supporting their time and lo-
gistic constraints. Secondly, although we implemented some measures of
compliance (e.g. log-sheets, text messages), we have not used objective
measures of compliance for the daily saliva sampling, such as sleep-
monitoring watches or time-recording collection bottles. We plan to
use these measures for a subset of our remaining participants to compare
with their self-reports. Thirdly, we do not have any physiological mea-
sures from the babies that would complement our understanding of the
impact of prenatal environment on the offspring’s physiology. We
currently plan to extend our baby assessments to include salivary
neuroendocrine markers. Fourthly, we have not integrated the role of
genetic factors into our analysis yet, although they are known to mod-
erate the effects of environment (Bagot and Meaney, 2010). Future
projects may include addition of genomic measures to account for the
effects of any genetic polymorphisms. Finally, although we collect indi-
rect measures of fathers’ environment from the mothers, we do not have
paternal self-reports or biological measures. Considering the evidence
from animal and limited human studies on the role of paternal envi-
ronment and biology on the offspring development and health (e.g. Chan
et al., 2018; Kinnally and Capitanio, 2015; Korja et al., 2018; Mychasiuk
et al., 2013; Ramchandani et al., 2008; Rodgers et al., 2013), future
studies should benefit from considering paternal measures as well.

In order to translate the topics of our project and raise public
awareness on prenatal care and health in Turkey, we implemented
several public education components into BABIP. In addition to the in-
formation booklets and seminars provided to the participants, we orga-
nized a public symposium on “Living Healthy during and after
Pregnancy” with the support of many researchers and medical pro-
fessionals from different disciplines. Furthermore, in the context of
Maternal Mental Health Week 2019, we organized a public symposium
on “Maternal Mental Health” in collaboration with Turkey Maternal
Mental Health Platform. We also joined the representation of Turkey in
the Postpartum Support International network that aims to support and
raise awareness for the importance of maternal mental health during and
after pregnancy. We plan to continue growing these public education
components even further with including new topics related to prenatal
environment and health.

Currently, we are applying for additional funding with national and
international collaborators to continue incorporating additional maternal
measures during pregnancy and following up babies beyond 4 months.
Our primary goals are to include mother’s ultrasound measures during
4

pregnancy, and baby’s attachment, sleep monitoring, neuroendocrine
and microbiome measures at 6–12 months. We also have an ongoing
collaboration with researchers from Germany, Drs. Sonja Entringer
(Charite Universitatmedizin, Berlin) and Jacob Spallek (Brandenburg
University of Technology, Cottbus-Senftenberg), as part of a multi-cohort
project on the intergenerational transmission of health disparities in
Turkish immigrants in Germany (Spallek et al., under review). We will
share part of our data from BABIP to serve as a Turkish comparison group
from Turkey, while investigating health disparities between Turkish-
origin immigrants and Germans living in Germany. Inclusion of results
from a Turkish population living in Turkey will be important to identify
any changes in stress biology specific to genetic background and/or
environmental factors independent of migration background. Through
these collaborations, we aim to compare our results with different birth
cohorts around the world and collectively increase our understanding of
the impact of prenatal environment that would aid in developing pre-
natal care policies for enhancing mother and infant health.
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