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Why was the cohort set up?

The Stress in Pregnancy (SIP) Study cohort was set up in

New York City in 2009 through funding made available by

the National Institute of Mental Health (NIMH), to under-

stand the extent to which an adverse environment in utero

can alter fetal growth and development, with potential life-

long impacts on health and disease, based on the theoretical

framework of the ‘Developmental Origins of Health and

Diseases (DoHaD) Hypothesis’.1–6 Growing evidence7–9

suggests that not only the genome but also the epigenome,

the heritable, quasi-stable yet dynamic control of gene ex-

pression, can be modulated by the environment, and plays a

vital role in defining health and disease in growing off-

spring.10–12 Preclinical studies demonstrated that antenatal

stress leads to dysregulated neurobehavioural functioning

and problems with development, providing a solid platform

for hypothesis testing in human studies. Human studies

have also demonstrated that antenatal exposure to broadly

defined stress (i.e. stressful life events and psychological

problems) is linked to long-term neurobehavioural

problems in offspring,13,14 such as autism,15,16 schizophre-

nia17–20 and attention deficit/hyperactivity disorder,21–23 as

well as growth-related suboptimal reproductive outcomes

such as intra-uterine growth restriction (IUGR)24–26 and

obesity,27–29 through epigenetic mechanisms.

Human studies remain hampered by methodological re-

strictions, including: (i) the inability to randomize pregnant

women in varying stressful condition and to systematically

control for the level and timing of any exposure; (ii) stressful

events (i.e. divorce, job loss) may not be independent of the

mother’s genetic background, psychopathology and socioe-

conomic status (SES); and (iii) measures of psychosocial

stress during pregnancy are generally broad, frequently

measured by daily problems and upheavals30 or stressful life

events from ordinary life.31,32 These measures often lack the

negative valence for researchers to understand the nature of

the relationship, and researchers may therefore be unable to

elucidate whether a tipping point in the degree of stress ex-

posure exists or the role of timing of exposure. To address

this, in 2013 the SIP Study evolved by capitalizing on a ser-

ious and unfortunate natural disaster, Superstorm Sandy

which devastated the New York City area, affecting a subset

of the SIP cohort (n¼ 416). Our quasi-experiment has

allowed the study to evaluate normative stress (resulting

from everyday life events) in addition to traumatic stress (re-

sulting from extreme and/or life-threatening events), allow-

ing us to pinpoint both timing and duration, in addition to

addressing key restrictions in prospective human data on

antenatal stress and childhood development by randomly

controlling for individual resources and susceptibility.

Post Sandy, we are in a unique position to evaluate

stress exposure to disaster, and potential neurodevelop-

mental precursors to the emergence of developmental psy-

chopathology later in childhood. Understanding GxE

(Gene-Environment Interaction) effects, especially during

sensitive periods of brain development, and conducting a

thorough evaluation of neurodevelopment during early

childhood, are at the core of the study objective. In sum,

the study extends the evaluation of neurodevelopmental
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phenotypes of children and further investigates if and how

the timing of exposure to stress (i.e. Superstorm Sandy)

leads to different manifestations of neurobehavioural im-

pairment, or moderates the effects of more normative

stress on neurobehavioural impairment. The study, there-

fore, attempts to monitor neurobehavioural trajectories

among offspring in early- and mid-childhood–critical peri-

ods of rapid left hemisphere development, which controls

language, writing, logic, mathematical and gross motor

skill development.

Who is in the cohort?

Beginning in 2009 at the Mount Sinai Hospital, women in

their second trimester receiving antenatal care in the OB/GYN

Table 1. Demographic and perinatal characteristics among participating mothers

Total sample Subsample 1

Eligible sample who

are actively in follow-up

Subsample 2

Those who selected for

a case/control

natural disaster study

Mean (SD) Mean (SD) Mean (SD)

Parental characteristics (N ¼ 768) (N ¼ 576) (N ¼ 385)

Mother’s age 27.43 (5.8) 27.54 (5.9) 27.69 (6.0)

Father’s age 29.89 (7.5) 29.84 (7.5) 30.03 (7.4)

Parity 2.93 (2.3) 2.96 (2.2) 2.84 (2.1)

Race N (%) N (%) N (%)

White 79 (10.3) 65 (11.3) 60 (14.4)

Black 198 (25.8) 136 (23.6) 95 (22.8)

Hispanics 399 (52.0) 297 (51.6) 209 (50.2)

Asian 74 (9.6) 66 (11.5) 44 (10.6)

Others 18 (2.3) 12 (2.1) 8 (1.9)

Marital status N (%) N (%) N (%)

Married 246 (32.1) 191 (33.1) 165 (39.7)

Common-law 61 (8.0) 39 (6.8) 24 (5.8)

Single 445 (58.0) 334 (58.1) 219 (52.6)

Widowed 4 (0.5) 3 (0.5) 2 (0.5)

Divorced/separated 11 (1.3) 8 (1.4) 6 (1.4)

Refused 1 (0.1) 1 (0.1)

Education level N (%) N (%) N (%)

Primary school 30 (3.9) 22 (3.8) 14 (3.4)

Some high school 133 (17.3) 103 (17.9) 56 (13.5)

High school of GEDa 185 (24.1) 133 (23.1) 86 (20.7)

Some college 202 (26.3) 156 (27.1) 119 (28.6)

AAb 87 (11.3) 58 (10.1) 40 (9.6)

BAb 83 (10.8) 64 (11.1) 61 (14.7

Graduate/professionalc 48 (6.3) 40 (6.9) 40 (9.6)

Superstorm Sandy timing N (%) N (%) N (%)

Pre-Sandy 422 (54.8) 287 (49.8) 163 (39.2)

Third trimester 64 (8.3) 48 (8.3) 44 (10.6)

Second trimester 53 (6.9) 44 (7.6) 39 (9.4)

First trimester 159 (20.9) 135 (23.4) 113 (27.2)

Post-Sandy 72 (9.4) 62 (10.8) 57 (13.7)

Pre-pregnancy weight mean (SD) (kg.) 69.29 (40.9) 68.73 (40.0) 68.36 (40.5)

Sample sizes in mothers and offspring differ because there are 43 siblings in the total sample, 38 siblings in the eligible and active sampl, and 31 siblings in the

case/control natural disaster study.
aGeneral Educational Development (GED) tests are a group of four subject tests which, when passed, provide certification that the test taker has American high

school-level academic skills.
bAn associate of arts degree (AA) is an undergraduate academic degree awarded by colleges and universities in the USA upon completion of a course of study

lasting 2 years. It is considered to be a higher level of education than a high school diploma or GED but less than a Bachelor of Arts degree (BA) which is an under-

graduate academic degree with 4 years of matriculation.
cA graduate/professional degree includes higher level postgraduate degrees (Master’s, MD, JD, PhD etc).
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Department were invited to participate in the SIP study. In

2012, the study expanded recruitment to women in the OB/

GYN Department at New York Presbyterian-Queens. The co-

hort consists of an urban population encompassing a diverse

range of ethnic/racial backgrounds and socioeconomic strata,

with a majority of participants considered ethnic (Black,

Hispanic and/or Asian) and financial minorities (low SES,

living below the poverty line). Participating women are of high

parity with an average of three previous pregnancies, ranging

from 0 to 12. Inclusion criteria required absence of obstetric

risk factors such as HIV positivity, significant congenital

anomalies, neurological dysfunction, fetal chromosomal or

fetal anomalies or inborn errors in metabolism, and plans to re-

locate out of the geographical area during the duration of the

study. Written informed consent was obtained from all eligible

women, for all study procedures; 763 women with 806 preg-

nancies (43 mothers enrolled with multiple pregnancies) were

assessed for eligibility. Of those 763, 54 women (6.8%) did

not meet inclusion criteria and were excluded from participa-

tion, thus 719 women consented to participate. Of these, 29

women (3.6%) were lost due to antenatal and perinatal death

(15 miscarriage, 10 fetal demise, 4 stillbirth), resulting in a total

of 690 mothers (722 neonates), including 10 sets of twins at

birth. During the postpartum period three neonates died and

five infants were removed from their mother’s care by Child

Protective Services. Furthermore, 42 mothers relocated to a

geographical area outside the study region and 58 mothers

withdrew by 18 months postpartum. Thus, the final cohort in-

cludes 614 children, including nine sets of twins. Of those ac-

tive 614 participants, unique to the SIP cohort is the subsample

of 416 offspring comprising the natural disaster quasi-

experiment, which includes women who experienced

Superstorm Sandy during pregnancy (i.e. cases), and women

who did not (i.e. controls).

Between 614 followed and 197 non-responders (includ-

ing lost to follow-up, withdrawn and deceased in a total of

811 recruited into the study), there was no difference in ma-

ternal age (26.9 vs 27.5, P¼ 0.26), paternal age (30.4 vs

29.8, P ¼ 0.71), parity (2.83 vs 2.96, P ¼ 0.52), offspring

gender, male (55.6% vs 51.0%, P ¼ 0.46), marital status (P

¼ 0.35) or maternal education (P ¼ 0.25). However, there

was a notable difference in race (P¼ 0.001, wherein a larger

proportion of Asian but smaller proportion of Blacks re-

sponded). Between 416 invited and 198 not-invited partici-

pants in a total of 614 who were actively followed, there

was no difference in maternal age (27.3 vs 27.7, P ¼ 0.42),

paternal age (28.8 vs 30.0, P ¼ 0.21), parity (2.36 vs 2.17,

P ¼ 0.23) or offspring gender, male (52.6% vs 50.0%, P ¼
0.54). However, there was a marginal difference in: racial

composition (P ¼ 0.08) such that a larger proportion of

Whites but smaller proportion of Blacks continued to par-

ticipate; in marital status (P ¼ 0.001), whereby more

Table 2. Demographic and perinatal characteristics among participating children, N (%)

Total sample Subsample 1

Eligible sample who are

actively in follow-up

Subsample 2

Those who selected for a

case/control natural disaster study

Child characteristics (N ¼ 811) (N ¼ 614) (N ¼ 416)

Gender

Male 352 (43.4) 312 (50.8) 207 (49.8)

Female 334 (41.3) 302 (49.2) 209 (50.2)

Unknown 125 (15.3) �- �-

Birth outcomes

Birthweight (kg) 3.20 (0.64) 3.24 (0.58) 3.24 (0.58)

Gestational age (week) 38.79 (2.41) 39.01 (2.02) 38.87 (2.08)

1-min Apgar score 8.62 (1.08) 8.69 (0.87) 8.70 (0.86)

5-min Apgar score 8.87 (0.65) 8.94 (0.30) 8.91 (0.49)

Head circumference (cm) 33.52 (2.76) 33.72 (2.42) 33.81 (2.43)

Body length (cm) 49.94 (3.79) 50.02 (3.71) 50.15 (3.86)

Placenta weight (g) 664.19 (181.19) 660.48 (159.08) 649.19 (147.74)

Number of siblings

None 245 (30.2) 171 (27.9) 128 (30.8)

1 169 (20.8) 129 (21.0) 88 (21.2)

2 140 (17.3) 114 (18.6) 69 (16.6)

3 102 (12.6) 92 (15.0) 63 (15.1)

4þ 143 (17.6) 106 (17.2) 67 (16.1)

Unknown 12 (1.5) 2 (0.3) 1 (0.2)

Sample sizes in mothers and offspring differ because there are 43 siblings in the total sample, 38 siblings in the eligible and active sample, and 31 siblings in the

case/control natural disaster study.
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married and fewer single or common law-married partici-

pants continued to respond; and in maternal education (P <

0.001), where women with greater education responded

more than those with less education.

How often have they been followed up?

Research staff regularly contacted participants during their se-

cond and third trimesters to collect biospecimens, fill out

questionnaires and complete structured clinical interviews for

psychopathology with a clinical research interviewer. A study

hotline was established on the labour and delivery (L&D)

floor, allowing the L&D nurses and residents to inform the

study team immediately after the participant was admitted

for delivery. Biospecimens were collected within 2 h and

required information, including birth and obstetric outcomes,

were extracted from medical charts during postpartum recov-

ery. At 6 months postpartum, participants completed ques-

tionnaires about their infants and themselves, and again at 18

months during which mothers were invited to participate

with their children in a follow-up study at 24 months post-

partum. In the follow-up study, mothers and their children

are invited to a child-friendly assessment centre at Queens

College annually up to 48 months. Due to the nature of this

cohort, which is composed of an urban population at high

risk for perinatal complications and neonatal/infant mortal-

ity, mobility is high, resulting in loss of follow-up.

What has been measured?

All study data collection is presented in Tables 3 and 4.

For information regarding candidate genes under investiga-

tion in the study, refer to Table 5.

Data collection during the antenatal period

At recruitment (< 28 weeks of pregnancy) mothers com-

plete a battery of self-report questionnaires to collect:

demographic data; lifestyle antenatal risks; and a compre-

hensive assessment of normative stress covering perceived

stress pregnancy-related anxieties,33 postnatal depression,34

state and trait anxiety and stressful life events.35 History of

psychological problems38 in the mother and father of the

baby is assessed via mother’s report. Furthermore, a trained

research interviewer with a degree in clinical psychology

assesses maternal psychopathology via clinical interview

(Structured Clinical Interview for DSM-IV for Axis I diag-

noses, or SCID-I).39 Maternal urine samples are collected

twice, at the second and third trimesters, in polypropylene

containers and aliquoted into 8 1-ml cryovials for storage.

During the second trimester, maternal blood samples are

collected by the attending nurse, including two 7.5-ml

preservative-free heparin DNA tubes, one tube to extract

serum and one PAX gene tube to extract RNA. Blood in

serum tubes is centrifuged, and extracted serum and DNA

tubes are aliquoted. PAX gene tubes are stored at room

temperature for 2 h. All samples are stored at �80�C.

Table 3. Data collection and examinations conducted during

the antenatal period and at delivery

Pregnant woman

(maternal)

Demographic/social Ethnicity/race, marital status, education

level, age, housing, occupation,

employment

Lifestyle Smoking, drinking, substance use

Normative stress Perceived Stress Scale (PSS-14)33

Depression symptoms (EPDS)34

State/Trait Anxiety (STAI)35

Pregnancy-specific anxiety (PRAQ-R)30

Stressful Life Events Interview (LEI)36

Psychopathology Family history of psychological symptom-

atology (FHS)37

History of psychiatric illness (SCID IV-R

Axis I)38

Superstorm Sandy

(traumatic stress)

Superstorm Sandy traumatic exposure

(TEI)39

Impact of Events Scale (IES)40

Posttraumatic Diagnostics Scale – (PDS

general)41

Posttraumatic Diagnostic Scales – (PDS

Superstorm Sandy specific)

Posttraumatic Checklist (PCL-C)42

Social Adjustment Scale (SAS-SR)43

Obstetric outcomes History of pregnancy/childbirth, obstetric

complications

Medical record review

Pre-pregnancy weight

Blood pressure

Weight gain

Placenta weight

Biospecimens Urine at 2nd and 3rd trimesters

Blood (plasma, serum, PAX for RNA)

Placenta biopsies

Father of child

(paternal)

Psychological Family history of psychological symptom-

atology (FHS)37

Demographics Age, race, employment

Newborn (offspring)

Birth outcomes Perinatal complications

Birthweight

Head circumference

Body length

Apgar (at 1 min & 5 min)

Biospecimens Umbilical cord blood

Terminal meconium

International Journal of Epidemiology, 2017, Vol. 46, No. 5 1388c



Data collection at delivery

At delivery, birth records including traditional indicators

of pregnancy outcomes (i.e. birthweight, gestational age at

birth, Apgar scores, head circumference, body length), ob-

stetric information (e.g. preeclampsia, gestational diabetes,

caesarean section) and neonatal problems (e.g. jaundice,

macrosomia, shoulder dystocia, breech extraction, NICU

admission) are collected via patient chart. Birth tissues

(i.e, placenta, umbilical cord blood) and terminal

meconium are collected following delivery by L&D staff

on duty.

Placenta tissues

Each placenta is first weighed and recorded by research

staff. Then placenta biopsies, free of maternal decidua, are

collected from each placenta quadrant midway between

the cord insertion and the placental rim. The collected tis-

sues are first placed into a liquid nitrogen tank for 24 h for

‘snap freezing’ and then stored at �80�C.

Umbilical cord blood

Before the placenta is delivered, a segment of the cord is

cleansed with an alcohol wipe and a 10-ml syringe with a

19-gauge safety butterfly needle is used to withdraw blood.

The blood in the syringe is emptied into two 7.5-ml

preservative-free heparin DNA tubes, one tube to extract

serum and one PAX gene tube to extract RNA. Blood in

serum tubes is centrifuged, and extracted serum and DNA

tubes are aliquoted. PAX gene tubes are stored at room

temperature for 2 h. All samples are stored at �80�C.

Meconium

If the newborn passes transient meconium during labour, it

is collected by the L&D nurse on duty. If the newborn did

not pass meconium during the labour, their first soiled

Table 4. Data collection after the birth of the child, timimg

Mother’s assessment

Demographics

Marital status, education level, hous-

ing, occupation, employment

24, 36, 48 months

Normative stress

Depression symptoms (EPDS)34 6, 18, 24, 36, 48 months

Parenting Stress Index (PSI-4)44 6, 18, 24, 36, 48 months

Psychopathology and functional impairment

Maternal Perinatal PTSD (PPQ)45 6 months (retrospective)

Perceived Stress Scale (PSS-14)33 6, 18, 24, 36, 48 months

Posttraumatic Stress Disorder

Checklist (PCL-C)42

24, 36, 48 months

Mini International Neuropsychiatric

Interview (MINI)46

24, 36, 48 months

Parental Bonding Instrument (PBI)47 24, 36, 48 months

Social functioning (SAS-SR)43 24, 36, 48 months

Social environment

Social Support (MOS-SS)48 24, 36, 48 months

Home environment inventory

(HOME)49

24, 36, 48 months

Physical, environmental exposures

Antenatal Environmental Exposure 24, 36, 48 months

Antenatal Auditory Exposure 6 months (retrospective)

Antenatal Recreational Exercise50 6 months (retrospective)

Lifestyle

Smoking, drinking, substance use 24, 36, 48 months

Dietary behaviours51 24, 36, 48 months

Psychophysiology

Skin conductance 24, 36, 48 months

Respiratory sinus arrhythmia 24, 36, 48 months

Heart rate and heart rate variability 24, 36, 48 months

Observation

Interaction between child and mother 24, 36, 48 months

Biospecimens

Buccal swab 24, 36, 48 months

Saliva 24, 36, 48 months

Hair 24, 36, 48 months

Toenail clippings 24, 36, 48 months

Child’s assessment

Neurodevelopment

Child temperament via maternal report

(IBQ, ECBQ, CBQ)52–54

6, 18, 24, 36, 48 months

Brief Infant¼Toddler Social &

Emotional Assessment (B/ITSEA)55,56

24, 36, 48 months

Behavioral Assessment System for

Children (BASC)57

24, 36, 48 months

Cognitive development (Bayley-III)58 24, 36 months

Receptive and expressive communica-

tion (Bayley-III)58

24, 36 months

Fine and gross motor (Bayley-III)58 24, 36 months

Social-emotional development (Bayley-

III)58

24, 36 months

Verbal comprehension (WPPSI-IV)59 48 months

Visual spatial ability (WPPSI-IV)59 48 months

Working memory (WPPSI-IV)59 48 months

Physical development

Height/weight 24, 36, 48 months

Head circumference 24, 36, 48 months

Medical record 24, 36, 48 months

(continued)

Table 4. Continued

Mother’s assessment

Psychophysiology

Skin conductance 24, 36, 48 months

Respiratory sinus arrhythmia 24, 36, 48 months

Heart rate variability 24, 36, 48 months

Observation

Interaction between mother and child 24, 36, 48 months

Psychopathology

Preschool Age Psychiatric Assessment

(PAPA)60

24, 36 months

Biospecimens

Buccal swab 24, 36, 48 months

Saliva 24, 36, 48 months

Hair 24, 36, 48 months

Toenail clippings 24, 36, 48 months
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diapers are collected by postpartum nurses for meconium

sampling. Study staff then combine meconium samples

from collected diapers using a spatula into cryovials for

storage at �80�C.

Data collection postpartum

Postpartum follow up (at 6, 18, 24, 36 and 48 months) in-

cludes routine collection of self-report data annually,

including maternal depression and infant/child tempera-

mental profiles [Infant Behavior Questionnaire Revised

(IBQ-R)53 at 6 months and the Early Childhood Behavior

Questionnaire (ECBQ)54 at 18 months]. At 24 months

postpartum, follow-up data collection begins across differ-

ent methods and informants, including: (i) mother’s report;

(ii) child direct assessment; (iii) research staff observation;

(iv) psychophysiological startle probe; and (v) biospecimen

collection.

Mother’s report

Mother’s report provides the following information: demo-

graphic characteristics, normative stress (depressive symp-

toms and parenting stress), perinatal post-traumatic stress

syndrome (PTSD), perceived stress, PTSD symptoms, par-

ental bonding, and social functioning, social support,

home environment, retrospective report of antenatal

environmental exposures, exercise, lifestyle habits (e.g.

smoking, marijuana use, drinking) and diet/nutrition. In

addition, a comprehensive assessment is made of child be-

haviour and socio-emotional status with: (i) the Brief

Infant-Toddler Social-Emotional Assessment (BITSEA)55

which examines four dimensions: externalizing behaviours,

internalizing behaviours, dysregulation and competence;

and the Behaviour Assessment System for Children, 2nd

Edition, Parent Rating (BASC2-P)57 which measures posi-

tive (adaptive) and negative (clinical) dimensions of

behaviour.

Clinical interview with mothers

Clinical interviews to assess mother’s psychopathology are

conducted with mothers at annual visits (24, 36 and 48

months) using the MINI International Neuropsychiatric

Assessment, a structured clinical interview to assess Axis-I

symptomatology according to the DSM-IV. The Preschool

Age Psychiatric Assessment (PAPA)60 is used to ascertain

psychopathology in a selected sample of offspring ages 2-4

years, via mothers’ reports.

Direct clinical assessment

Concomitantly, offspring are assessed annually, beginning

at 24 months, via the Bayley Scales of Infant and Toddler

Development–Third Edition (Bayley-III),58 and

Table 5. List of candidate genes that are under investigation in the study

HPA system 11b-HSD21 [NM_00196]2 NR3C1 [NM_001204264] CRHR1 [NM_001145146] CRH2R

[NM_001202481] CRHBP [NM_001882] POMC [NM_001035256] MAOA [NM_000240]

MAOB [NM_000898] CFL1 [NM_005507] CREB1 [NM_004379] CREBBP [NM_004380]

DYRK1A [NM_001396] 11b-HSB1 [NM_005525] NCOR1 [NM_006311] NCOR2 [NM_006312]

UCN [NM_003353] UCN3 [NM_053049] AVP [NM_000490] AVPR1A [NM_000706] AVPR1B

[NM_00707] NR3C1 [NM_000176] NR3C2 [NM_000901] NR4A1 [NM_002135]

Neurodevelopment ZNF507 [NM_001206198] MECP2 [NM_004992] SRD5A3 [NM_024592] PON3 [NM_000940]

CDKL5 [NM_0031592] KIRREL3 [NM_032531] FOXP1 [NM_001244808] ZNHIT6

[NM_017953] ADRA1A [NM_152547] ADRA1B [NM_000879] ADRA2A [NM_00681] DAOA

[NM_172370] DBH [NM_000787] HTR1B [NM_000863] NRG1 [NM_013959] SNAP25

[NM_130811] TPH1 [NM_004179] TPH2 [NM_173353] OXT [NM_000915] OXTR

[NM_000916]

Autonomic Nervous System (ANS) REN [NM_000537] CYP11B2 [NM_000498] PHOX2B [NM_003924] SEMA3B [NM_004636]

PAX6 [NM_000280] chAT [NM_020985] ABCB1 [NM_000927] DLGAP2 [NM_004745] IKBKG

[NM_003639] NPY [NM_000905]

Dopamine System DAT [NM_001044] DRD1 [NM_000794] DRD2 [NM_000795] DRD4 [NM_000797] PRL

[NM_000948] TH [NM_199292] AMPD1 [NM_000036] ATP1A1 [NM_000701] SNCA

[NM_000345] NR4A2 [NM_006186] COMT [NM_000754] SLC18A2 [NM_003054]

Serotonin System HTR1A [NM_000524] HTR3A [NM_213621] SLC6A4 [NM_001045] BDNF [NM_170735] HTR2C

[NM_001256760] HTR4 [NM_000870] HTR5A [NM_024012]

Inflammation IFNG [NM_000619] IL10 [NM_000572] IL17A [NM_002190] IL1RB [NM_018725] IL-6

[NM_000600] IL1B [NM_000576] IL8 [NM_000584] LTA [NM_000595] TNF [NM_000594]

TREM2 [NM_018965]

1Gene
2Gene bank code
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subsequently via the Wechsler Preschool and Primary Scale

of Intelligence–Fourth EditionTM (WPPSI-IV).59 The

Bayley-III evaluates each child along five key domains

(cognitive, language, motor, social-emotional and adaptive

development). The WPPSI-IV provides primary index

scales including the verbal comprehension index, working

memory index and processing speed index.

Psychophysiological assessment using startle

Mother and child complete a psychophysiological assess-

ment annually to collect skin conductance rate, respiratory

sinus arrhythmia and heart rate in response to a startle

paradigm using the Biopac integrated program via the

MP150 system with Acknowledge software (Biopac

Systems, Goleta, CA).

Figure 1. The level of global methylation (%) in the cord blood and the placenta tissues by maternal gestational diabetes mellitus (GDM), pre-eclamp-

sia, and obesity.61

1388f International Journal of Epidemiology, 2017, Vol. 46, No. 5



Growth

Offspring physical development including height, weight

and head circumference is recorded at each visit.

Specimen collection

Maternal and child hair, toenails, saliva and buccal swabs

are collected at each annual visit and stored in the study’s

biorepository.

Data collection about the level of trauma and

experience during Superstorm Sandy

Unique to this cohort is the collection of traumatic stress

exposure to natural disaster (i.e. Superstorm Sandy), via a

comprehensive battery of self-report questionnaires

assessing storm-specific exposure, impact of the event,

post-traumatic symptoms and impairment in social

functioning.

Key findings and publications

Preliminary data from the SIP Study cohort demonstrates

interesting findings across several disciplines, including

genomics, microbiology, physiology and neuropsychology.

Global methylation in the placenta and umbilical cord

blood differed between women with and without antenatal

metabolic disorders [i.e. gestational diabetes (GDM), pre-

eclampsia and obesity] and it was further associated with

fetal/infant growth. Suggestive negative associations of glo-

bal methylation level in the placenta with infant body

length and head circumference were found. It is possible

that the placenta tissue, but not umbilical cord blood, may

be epigenetically programmed by maternal GDM, pre-

eclampsia and obesity to carry out its own specific func-

tions that influence fetal growth.61 We also found that

mitochondrial DNA may help regulate stress in pregnancy.

Specifically, the expression of the protein-coding mito-

chondrial-encoded gene MT-ND2 was positively associ-

ated with indices of stress in pregnancy.62 Furthermore, we

have explored the impact of maternal stress in pregnancy

in the offspring’s developing immune system. Increased

levels of IL-1b, IL-4, IL-5, IL-6 and IL-8 were found to be

associated with maternal stress in pregnancy, indicating

that it may influence cytokine levels, in particular Th2-

related cytokines. These findings may suggest that new-

borns to mothers with elevated levels of stress in pregnancy

have a predisposition to immune-related disorders.63

Among microbiological outcomes, we have demonstrated

that meconium contains diversified microbiota, suggesting

that the initial colonization of gut flora may begin before

birth. Meconium contains diversified microbiota irrespect-

ive of mode of delivery, and the fetal microbiome of new-

borns of mothers with diabetes is enriched for the same

bacterial taxa as those found in the fecal microbiome of

adult diabetics. In addition, we found that pregnancy-

specific anxiety was the most robust predictor for overall

meconium microbiota composition, with greater preg-

nancy-specific anxiety associated with lower levels of

Enterococcacae.64

Outcomes in focus among preliminary analyses include

neurobehavioural indices and psychophysiological meas-

ures of autonomic nervous system functioning. First,

more adverse neurobehavioural outcomes in offspring of

mothers exposed to Superstorm Sandy during pregnancy

(i.e. cases, n¼ 269) than offspring of mothers who were

unexposed (i.e. controls, n¼ 345) were observed.

Specifically, at 6 months old, cases as compared with

controls exhibited a more difficult temperament profile

with greater negativity and lower emotion regulation (Y

Nomura, unpublished results). Among physiological out-

comes, an interaction was found between antenatal can-

nabis exposure and tobacco exposure and outcomes

Table 6. Main Effects of Maternal GDM, Preeclampsia, and Obesity during Pregnancy on Global Methylation (%) in t he Placenta

Tissues and Cord Blood in the Multivariable Model

Global Methylation Placenta Tissue Global Methylation Umbilical Cord Blood

Statistics Statistics

Unadjusted Model Adjusted Model Unadjusted Model Adjusted Model

Maternal Characteristics B SE P Value B SE P Value B SE P Value B SE P Value

GDM 4.34 1.25 0.001 4.47 1.22 0.003 3.45 3.27 0.30 3.72 3.44 0.29

Preeclampsia 2.90 1.51 0.06 3.02 1.48 0.05 �0.29 3.96 0.94 �0.68 4.17 0.87

Obesity �2.40 0.89 0.01 �2.54 0.97 0.01 0.33 2.32 0.89 1.41 2.74 0.61

Abbreviations: GDM, gestational diabetes mellitus; SE, standard error.
aIn the unadjusted model, no confounders were included. In adjusted models, the effects of sex of the baby, mother’s educational attainment at birth of her

child, welfare status, marital status, and ethnicity were statistically controlled for. Maternal GDM, preeclampsia, and obesity during pregnancy were analysed in

the same model simultaneously.
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indicative of blunted autonomic responsivity as indicated

by decreased electrodermal activity (EDA) amplitude re-

sponses to startle.65

Taken together, in utero exposure to stress, maternal

endocrine disorders (e.g. GDM and preeclampsia) and in-

fection appear to have negative impacts on optimal neuro-

behavioural development of young children. Particularly

notable was the impact of objective stress (i.e. natural dis-

aster exposure) during pregnancy on neurobehavioural

indices.

What are the main strengths and
weaknesses?

The breadth and depth of the data collected in the SIP

study are a significant strength. Information collected in

the SIP Study cohort includes: (i) a wide range of biospeci-

mens across different times during pregnancy (second and

third trimesters), at birth and in the postpartum period (6

months, 18 months, 24 months, 36 months and 48

months); (ii) various biospecimens from mothers and off-

spring during antenatal and perinatal periods (blood,

urine, placenta tissues, umbilical cord blood and meco-

nium) and at annual follow-up beginning at 2 years of age

(saliva, hair and nail clippings); (iii) multidimensional clin-

ical assessments including face-to-face interviews during

pregnancy (maternal psychopathology) and at annual

follow-up (child neurodevelopmental, neurocognitive and

psychopathological assessments); (iv) comprehensive ques-

tionnaire data spanning several domains known to influ-

ence the developmental trajectory of the offspring (i.e.

psychosocial stress, perinatal PTSD, psychosocial familial

stress, attachment style, social support, coping and mater-

nal psychopathology); (v) collection of psychophysio-

logical data at multiple time points from both mother and

child; and (vi) observational data on mother-child

interactions.

In addition, the cohort is composed of an urban ethnic

and financial minority population which is considered to

be the most ‘high-risk’ for developing major childhood dis-

orders, including ante- and perinatal birth problems,

asthma, obesity and impaired neurobehavioural develop-

ment. This population could potentially provide a unique

insight into the most high-risk group in terms of several

antenatal and postnatal risks for suboptimal offspring de-

velopment. The most notable strength of our population is

that a subgroup of our participants were exposed to

Superstorm Sandy at different times in relation to their

pregnancy (pre-, during and post-pregnancy) to a varying

degree, providing us with the opportunity to conduct a nat-

ural experiment of psychosocial stress. The stress caused

by Superstorm Sandy’s devastation occurred independently

of SES, and psychological or genetic characteristics.

Together with epi-/genetic measurements and early child-

hood behavioural data, and precisely timed stress exposure

(by index to Superstorm Sandy), we are able to enhance

our capability not only to elucidate the mechanisms of

gene and environment interaction influencing the trajec-

tory of neurobehavioural development, but also to exam-

ine the window of susceptibility to stress.

The study also has limitations. First, the sample size is

relatively small in comparison with large-scale birth cohort

studies. Overall, we consented 806 women. Of those,

751 were eligible for a participation. Of these eligible par-

ticipants, 58 (7.7%) withdrew from the study during the

6 years following its inception. Furthermore, the mortality

rate was fairly high; 32 participants out of the remaining

693 participants (4.6%) were lost by mortality during

antenatal, perinatal and neonatal periods. In addition, as

our participants are a metropolitan population, mobility is

also fairly high: 42 women (6.4%) were lost to follow-up

or moved out of state, and an additional 5 mothers lost

their custody by CPS intervention, resulting in a total of

614 active participants. Thus the findings may be limited

in generalizability.

Second, some of our data are collected by maternal self-

report which is always subject to bias. Although we had

mothers fill in extensive child temperament questionnaires

at multiple times (6, 18, 24, 36 and 48 months of age),

as mothers were our single informants, we need to be cau-

tious about the potential bias resulting from her own

psychological well-being. It is largely held that tempera-

ment is a relatively stable index and is less likely to fluctu-

ate over time. Availability of the multiple measurements

could indeed help evaluate the extent to which each moth-

er’s report was affected by her psychological well-being.

As the study also includes clinician-administered neurode-

velopmental, neurobehavioural and neurocognitive assess-

ments, we could further evaluate the predictive ability of

temperament on suboptimal developmental problems later

in life. We intend to capitalize on our extensive bioreposi-

tory, to examine biomarkers to further validate other

means of measurement (i.e. mother’s report, clinical inter-

view and psychophysiology).

Can I get hold of the data? Where can I find
out more?

Researchers interested in exploring the possibility of col-

laboration should contact the Principal Investigator,

Professor Yoko Nomura [yoko.nomura@qc.cuny.edu].
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