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pNational Health Laboratory Services, Port Elizabeth, Eastern Cape, South Africa

Abstract

Background—The Safe Passage Study is a large, prospective, multidisciplinary study designed 

to (1) investigate the association between prenatal alcohol exposure, sudden infant death syndrome 

(SIDS), and stillbirth, and (2) determine the biological basis of the spectrum of phenotypic 

outcomes from exposure, as modified by environmental and genetic factors that increase the risk 

of stillbirth, SIDS, and in surviving children, fetal alcohol spectrum disorders.

Methods—The results provided are based on an interim assessment of 6004 women enrolled, out 

of the 12 000 projected, from the Northern Plains, US, and Cape Town, South Africa, areas known 

to be of high risk for maternal drinking during pregnancy. Research objectives, study design, and 

descriptive statistics, including consent, recruitment, and retention information, are provided.

Results—Overall visit compliance is 87%, and includes prenatal, delivery/newborn, and 

postnatal contacts through 1 year post-delivery. Pregnancy outcome ascertainment is 98% prior to 

medical chart review; less than 2% of women withdraw. Consent for the use of DNA and placental 

tissue exceed 94%, and consent to participate in the autopsy portion of the study is 71%.

Conclusions—The Safe Passage Study is the first multi-site study of SIDS and stillbirth to 

integrate prospectively collected exposure information with multidisciplinary biological 

information in the same maternal and fetal/ infant dyad using a common protocol. Essential 

components of the study design and its success are close ties to the community and rigorous 

systems and processes to ensure compliance with the study protocol and procedures.
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Prenatal alcohol exposure (PAE) is a major public health concern in the US; 52% of women 

report drinking alcohol during their childbearing years and 8% report drinking during 

pregnancy.1 Fetal alcohol spectrum disorders (FASD) is the umbrella term that encompasses 

a continuum of neurodevelopmental disabilities, craniofacial and somatic anomalies, and 

growth impairments attributed to the toxic effects of PAE, affecting 1% of individuals in the 

US.2 Diagnoses that fall under FASD include fetal alcohol syndrome (FAS), partial FAS, 

alcohol-related neurodevelopmental disorder, and alcohol-related birth defects.3 Emerging 

reports suggest an association between PAE and stillbirth and sudden infant death syndrome 

(SIDS), indicating that fetal and infant mortality, as well as neurodevelopmental morbidity, 

may be part of the spectrum of adverse outcomes.4,5

The global burden of stillbirth is large, with approximately 2.65 million third trimester 

stillbirths annually.6 In the US, stillbirth is defined as fetal death at or beyond 20 weeks 

gestation. SIDS is defined as the sudden death of an infant under 1 year of age that remains 

unexplained after a thorough case investigation, including the performance of a complete 

autopsy, an examination of the death scene, and a review of the infant’s clinical history.7 
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SIDS is the leading cause of postneonatal mortality in the US (overall infant mortality rate: 

53.9 per 100 000 livebirths; postneonatal mortality rate: 49.1 per 100 000 livebirths).8

Virtually all existing evidence of PAE’s effect on early mortality is based on retrospective 

studies, and is often compromised by insufficient power and recall bias related to quantity, 

frequency, and timing of exposure.4,5,9 Recognising the need to elucidate the role of PAE in 

early mortality, as well as neurodevelopmental morbidity in survivors, the Eunice Kennedy 

Shriver National Institute of Child Health and Human Development (NICHD) and the 

National Institute on Alcohol Abuse and Alcoholism (NIAAA) established a cooperative 

agreement in 2003 for the Prenatal Alcohol in SIDS and Stillbirth (PASS) Network. The 

National Institute on Deafness and Other Communication Disorders (NIDCD) joined the 

PASS Network in 2011. The objectives of the prospective Safe Passage Study conducted by 

the PASS Network are to (1) investigate the association between PAE, SIDS, and stillbirth, 

and (2) determine the biological basis of the spectrum of phenotypic outcomes from 

exposure, as modified by environmental and genetic factors that increase the risk of 

stillbirth, SIDS, and in surviving children, FASD. Women at high risk for maternal drinking 

during pregnancy are recruited in the Northern Plains (NP), US, and in Cape Town, South 

Africa (SA).9,10 The results provided are based on an interim assessment of 6004 women 

(half of the target) enrolled, and include an overview of the research objectives, study 

design, and descriptive statistics, including consent, recruitment, and retention information.

Methods

Overview of the PASS Network

The PASS Network is a collaborative effort among the NICHD, NIAAA, and NIDCD; two 

comprehensive clinical sites (CCS), one in the NP, US, and the other in Cape Town, SA; a 

developmental biology and pathology centre; a physiology assessment centre; and a 

centralised data coordinating and analysis centre. Internal network oversight is provided by 

the steering committee, and external oversight is provided by an independent advisory and 

safety monitoring board, as well as numerous institutional review boards (IRBs) and tribal 

communities.

Hypotheses

The primary hypothesis of the Safe Passage Study is that PAE increases the risk for SIDS 

and stillbirth. Multiple secondary hypotheses are based upon the premise that in addition to 

FASD, some stillbirths and SIDS cases may be part of a spectrum of disorders that result 

from PAE in combination with other maternal, environmental, and genetic factors that 

impinge directly on the central or autonomic nervous systems of the fetus, or secondarily 

upon the fetus via placental mechanisms. The secondary hypotheses relate to interactions 

among PAE and maternal, environmental, and genetic factors as modifiers of the function 

and structure of the placenta, development of the fetal and infant face and brain (three-

dimensional ultrasound), autonomic function in the fetus and infant, cortical and brainstem 

activity in the infant [electroencephalography (EEG) and auditory function pathway 

assessments, respectively], and neurotransmitter and synaptic maturation in the cerebral 

cortex and brainstem of the fetus and infant (Figure 1).
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Design

The planned enrolment period for the Safe Passage Study is 7.5 years, from August 2007 to 

January 2015, with subsequent follow-up for 1 year post-delivery. The main study protocol 

is implemented for 12 000 pregnant women enrolled in the study, while an embedded study 

protocol includes a randomly selected subset of 3750 women who were enrolled prior to 24 

weeks gestation and consented to additional study assessments. The incorporation of the 

embedded study provides more in-depth information pertinent to specific secondary 

hypotheses, while minimising costs and resources.

Power calculations utilised published rates of SIDS, stillbirth, and PAE (see Table 1 and 

Supporting Information Appendix S1) and information from a retrospective study of 

antecedent risk factors for SIDS in the NP American Indians [Aberdeen Area Infant 

Mortality Study (AAIMS)] reporting a relative risk (RR) of 6.7 for SIDS among women 

with PAE in the first trimester as compared to unexposed women.9 Conservatively assuming 

that the risk of SIDS is tripled, 49% of women will be exposed to PAE during pregnancy, 

and 10% attrition, 11 622 women were required. The targeted sample size of 12 000 women 

enrolled (7000 from SA and 5000 in the NP) is expected to yield a sample of 98 stillbirths 

and 37 SIDS cases to ensure 80% power to detect an RR of 3 with a chi-square test for 

proportions with continuity correction and a two-sided level of significance of 5%. Based on 

the rates of stillbirth reported in Table 1 (8/1000 and 15/1000 in the NP and SA, 

respectively),14,15 a sample size of 12 000 will ensure >95% power to detect an RR of at 

least 2 comparing women with PAE with those without PAE. The study is not designed to 

investigate genetic and biological interactions or perform subgroup analyses (e.g. by site, 

cause of death). However, these relationships will be explored as appropriate.

Recruiting, screening, and enrolment

Each CCS is responsible for recruiting, enrolling, and following participants in accordance 

with the common study protocol and for disseminating information back to participating 

communities. The Northern Plains CCS is comprised of five clinical sites in North Dakota 

and South Dakota, including two sites on American Indian Reservations. The Stellenbosch 

CCS recruits from Bishop Lavis and Belhar residential areas within Cape Town, SA, and 

serves mainly the mixed ancestry population.19

Screening and enrolment occur at prenatal clinics affiliated with each CCS between 6 weeks 

gestation up to, but not including, delivery. During the recruitment or enrolment visit, 

participants provide informed consent that includes consent for specific study components/

assessments (e.g. collection of placental tissue, use of specimens for future studies, contact 

for future studies) and authorisation for the collection of personally identifiable information. 

Women are provided these options so that they can decline aspects of the study that conflict 

with their personal needs or cultural beliefs. In the event of fetal or infant demise, a separate 

informed consent is required for collection of autopsy tissue, and access to the autopsy 

report and death scene investigation (infant demise only) for research. Of the participants 

who enrol prior to 24 weeks gestation, one in three are randomly selected and invited to 

participate in the embedded study. Educational materials on the potential effects of alcohol 
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and tobacco exposure during pregnancy and safe sleeping practices for infants are provided 

to all participants.

Inclusion and exclusion criteria—A woman is eligible if all of the following criteria 

are met: (1) able to provide informed consent, (2) pregnant with one or two fetuses, (3) 16 

years of age or older, (4) gestational age of at least 6 weeks, 0 days and not at the delivery 

admission, and (5) able to speak English or Afrikaans. A woman is excluded if any of the 

following criteria are met: (1) planned abortion, (2) planned relocation from catchment area 

prior to delivery, or (3) advice against participation by a health care provider (e.g. requires 

additional medical care).

Schedule of evaluations and events

Overview—The Safe Passage Study common protocol was developed and is maintained by 

the PASS Network steering committee. There are three clinical assessment periods: prenatal, 

delivery/newborn, and postnatal (Figure 2). Depending on the timing of enrolment, women 

have up to three prenatal visits: 20–24 weeks, 28–32 weeks (embedded study only), and 34+ 

weeks. Clinical coordinators at each CCS monitor labour and delivery admissions daily to 

determine if a study participant has delivered, and if so obtain pregnancy outcome 

information. If a liveborn infant is delivered preterm (prior to 37 weeks gestation), the 

newborn visit and all subsequent postnatal visits are adjusted for prematurity (39–41 weeks 

gestational age-adjusted interval). Postnatal visits occur at 1 month and 1 year, and at the 1 

year visit, confirmation as to whether the infant is alive is made through personal contact 

and by review of both death records and medical charts. PASS personnel receive 

notifications of infant demises through well-established relationships with the forensic 

officers in the catchment areas.20 Upon notification of demise, an attempt is made to 

immediately consent women for the fetal or infant demise arm of the study. At any time 

during the study, the participant may withdraw.

Assessments (Figure 2)—Self-reported maternal characteristics (e.g. demographics, 

medical, and obstetric history), and dietary and psychosocial (i.e. depression, resilience, 

traumatic and threatening experiences, anxiety, and perceived stress) information, are 

collected at the earliest prenatal visit. Anthropometry, self-reported exposure (e.g. alcohol, 

tobacco, marijuana, methamphetamines), and fetal physiology [e.g. heart rate (HR), heart 

rate variability (HRV), movement, HR-movement coupling] are collected at each prenatal 

visit. Biometry and Doppler ultrasound velocimetry of uterine and fetal vessels are 

performed for embedded study participants. Postnatal newborn and/or 1 month visits include 

autonomic, cardiorespiratory, cortical activity, and auditory assessments, self-reported 

exposure, infant care practices, infant anthropometrics, facial dysmorphology photographs, 

and the Amiel-Tison Neurologic Assessment at term.21 At the 1 year visit, the Mullen Scales 

of Early Learning22 is administered to assess cognitive ability and motor development 

(embedded study), and infant anthropometrics and facial dysmorphology photographs are 

collected. Maternal (pregnancy through delivery) and infant (newborn to 1 year) charts are 

abstracted to obtain information regarding growth, physical exam/fetal structure, laboratory 

testing, medications and interventions, clinical events, co-morbidities, and diagnoses. 
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Serious adverse events, unanticipated problems, and concomitant services are collected at 

each participant visit, contact, or event, and are reported according to regulatory guidelines.

Alcohol exposure assessment—Alcohol exposure information is captured using the 

validated Timeline Follow-Back (TLFB) method.23,24 At each prenatal visit, this 

information is collected for the last reported drinking day (and 30 days prior). Additionally, 

at the recruitment interview, peri-conception (2 weeks prior and 2 weeks following the last 

menstrual period) alcohol intake is collected. Detailed information is obtained to standardise 

and calculate the total grams of alcohol consumed on each drinking day or episode.25 

Specifically, the type(s) of alcoholic beverage consumed, whether the drink was frozen or 

included ice, number and size of containers, number of persons sharing, and duration is 

collected for each drinking day. Total grams of alcohol consumed per drink is calculated and 

converted into standard drinks using the NIAAA definition of one standard drink equals 14 

g of pure alcohol.25

Physiology assessments—The Physiology Assessment Center (PAC) leads the 

investigation into the relationship between potential adverse effects of PAE (alone or in 

combination with other exposures) and autonomic, respiratory, and brain function in the 

fetus and infant, as these effects may impair central homeostatic regulation and increase the 

risk for stillbirth and SIDS. Measures of fetal HR, HRV, movement, and HR-movement 

coupling are assessed at up to three fetal visits using ultrasound. Beat-to-beat variability in 

the fetus and mother are collected simultaneously using a transabdominal fetal 

electrocardiograph. Infant measures of cardiorespiratory function during sleep, as well as 

responses to head-up tilt challenge, are obtained at the newborn and 1 month visits. During 

the infant visits, cortical activity (EEG) and auditory function [auditory brainstem responses 

(ABR) and transient evoked otoacoustic emissions (TEOAE)] are assessed.

Developmental biology and pathology assessments—The Developmental Biology 

and Pathology Center (DBPC) leads the investigation into the potential adverse effects of 

PAE (alone or in combination with other exposures) upon the placenta and developing fetal 

and infant brain. The main objectives of the neuropathological studies are to determine the 

relationship between PAE and the (1) neurotransmitter development of brainstem sites that 

control homeostatic function, relative to SIDS and stillbirth, and (2) neurotransmitter 

development and synaptogenesis in areas of the cerebral cortex related to abnormal 

cognitive function in individuals with FASD. Genetic research includes investigating the 

effect of PAE and modifications to genetic mechanisms that impact phenotypic outcomes 

(i.e. stillbirth, SIDS, or FASD). For each demise, all relevant clinical, autopsy, and other 

pertinent (death scene investigation, placental pathology) information is reviewed by the 

pathology subcommittee led by the DBPC, and comprised of experts in paediatrics, 

obstetrics, dysmorphology, genetics, paediatric/placental pathology, paediatric 

neuropathology, and forensic pathology. The demises are classified according to previously 

published systems, as well as a stillbirth classification system developed for the study (see 

Supporting Information Appendix S1).7,26–30 Demise adjudication requires 100% consensus 

while blinded to prenatal exposures. Specimens collected for the Safe Passage Study include 

maternal and infant saliva or umbilical cord blood for DNA analysis (all participants), 
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meconium (all), placental samples (embedded study), and brain samples (autopsied 

stillbirths and infant demises). Specimens are shipped for long-term storage to Fisher 

Bioservices in Rockville, MD.

Biostatistics, regulatory compliance, quality assurance, and data management

The Data Coordinating and Analysis Center (DCAC) is responsible for the study design and 

data analysis, biostatistical issues, and the development of systems and processes to provide 

centralised data management and ensure compliance with good clinical practices31 and 

regulatory guidelines. The DCAC oversees (1) the development and maintenance of the 

common protocol, ancillary studies, consent forms, manual of operations, and regulatory 

binder, and ensures that yearly IRB protocol and consent form approvals are completed and 

documented at each site/centre; (2) the development and maintenance of all case report 

forms (CRFs) and electronic web-based tracking, data entry, and reporting systems; and (3) 

quality assurance monitoring of all protocols and study procedures, as well as monitoring of 

statistical assumptions utilised to size the study.

Statistical methods

The results presented are based on an interim (halfway through enrolment target, n = 6004) 

assessment and are descriptive in nature, and as agreed by the steering committee do not 

include information regarding exposure or outcome rates related to the primary hypothesis. 

Reporting results on exposure or primary outcome information prior to study completion 

may bias or impact recruitment and retention of participants, cause therapeutic drift (i.e. 

alter medical provider practices at a given site/centre), alter the focus of information 

collected by study staff, or alter participant report. Analyses were performed using sas/stat® 

software, Version 9.3, Copyright © 2011 (Cary, NC, US).

Results

Screening, consent, and enrolment

As of 7 July 2011, 9753 women were approached and 6004 were enrolled (Figure 3); these 

women and their infants were followed for one age-adjusted year post-delivery (through 5 

April 2013). The enrolled women represent three diverse populations: Caucasians (25%), 

American Indians (17%), and women of mixed ancestry (57%) [other/not specified (1%)]. 

Of the 26% of women who refused to participate, most indicated a lack of interest (65%) or 

time (25%).

Of the 6004 women enrolled in the study, 99% agreed to participate in all study 

components/ evaluations (Figure 2), with the exception of collection of placental tissue 

(94% agreed), use of specimens for future studies (96% agreed), and contact for future 

studies (96% agreed). Consent rates to be contacted for future studies were mixed ancestry 

(98%), Caucasian (92%), and American Indian (94%). Consent rates for collection of 

placental tissue were mixed ancestry (90%), Caucasian (100%), and American Indian 

(96%). Of the parents who experienced a fetal or infant demise, 71% consented to 

participate in the autopsy portion of the study, and of those, 92% provided consent to brain 

tissue donation and 84% to specimen use in future studies.
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Participant characterisation, follow-up information, and compliance rates

The 6004 women enrolled represent 6066 infants/ fetuses (1.1% were twin pregnancies) and 

95 (1.6%) women withdrew consent (Figure 3). Women were 25.9 ± 5.8 (mean ± standard 

deviation) years of age at the time of enrolment. High school completion rates were 

Caucasian (96%), American Indian (57%), and mixed ancestry (23%). The overall visit 

compliance was 87.2% for all visits, including prenatal, delivery/ newborn, and postnatal 

contacts (Table 2). Over 95% of women completed at least one prenatal study visit in 

addition to the recruitment interview. Pregnancy outcome was obtained in 98% of women 

prior to review of medical records. Women delivered at 39.0 ± 2.1 weeks gestation; 12% 

delivered preterm. The newborn or 1 month assessment was completed for 96% of women, 

and the 1 year outcome has been ascertained on 88%; the latter has increased to over 90% in 

the past year (data not shown). Approximately 3% of the participants experienced a fetal or 

infant demise. Visit compliance for American Indian women (72%) was lower on every 

scheduled assessment compared with Caucasian and mixed ancestry women (89% and 91%, 

respectively) (Table 2). Over 48 000 fetal (21 505) and infant (27 268) physiology files, 145 

911 CRFs, 2359 ultrasounds, 20 183 specimens, and 46 286 infant photographs have been 

collected and are currently being analysed.

Comments

The Safe Passage Study is the first multi-site study of SIDS and stillbirth to integrate 

prospectively collected adverse exposure information with multidisciplinary biological 

information in the same maternal and fetal/infant dyad using a common protocol. The 

collection of physiological assessments of fetuses and infants who may succumb to stillbirth 

or SIDS is unique, may identify abnormal physiological profiles of risk for early death, and 

will produce the largest database of prospective serial HR, HRV, respiratory patterns, tilt 

responses, EEGs, ABRs, and TEOAEs available to date. These rich physiological data, 

linked with prospectively collected serial exposure information, will provide critically 

needed information about the effect of PAE upon a spectrum of neural processes. The 

neuropathological studies are also unique in that they represent the first ever analysis of 

prospectively collected exposure information linked with cellular, neurochemical, and 

molecular parameters in the human brain in autopsied fetuses and infants. The linkage of 

neuropathological studies with prospectively collected physiological information has the 

potential to increase our understanding of the pathological mechanism of SIDS, which has 

remained elusive for decades. A potential significant contribution of the Safe Passage Study 

is the development of algorithms for the early identification of fetuses and infants potentially 

at risk for adverse outcomes, such as stillbirth, SIDS, and FASD. The risk profile will be 

based upon the analysis and integration of physiological profiles in the fetus/infant and 

placental, genetic, and maternal factors. The PASS Network will comply with the data 

sharing policy of the National Institutes of Health (NIH). Availability of tribal data will be 

dependent upon the requirements of the tribal review boards.

The reliability and validity of maternal self-reported exposure and biomarkers to detect 

exposure during pregnancy vary among study designs. As compared with biomarkers, the 

granular detail with respect to timing, frequency, and amount of exposure is more easily 
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obtained through self-report.32 However, there are inherent issues with self-report, such as 

recall bias,33 fear of social stigma, punishment, guilt, and other factors.32,34 Further, data 

collected during pregnancy as compared with post pregnancy have demonstrated issues with 

test–retest reliability.35 In the Safe Passage Study, women are eligible to enrol as early as 6 

weeks gestation; however, it has been shown that women who are heavily exposed may not 

participate, may enrol later in pregnancy, or may be less compliant with visits.36 Despite 

these potential limitations, the TLFB method has been widely accepted as a measure of self-

reported exposure. Our data indicate that women are drinking various and sometimes 

hazardous amounts throughout pregnancy, and preliminary analyses demonstrate excellent 

performance characteristics between self-report and meconium biomarkers (PASS data, 

publications pending).

Over the course of the Safe Passage Study, the enrolment, follow-up, and retention rates, as 

well as exposure and outcome rates, have been extensively monitored and are consistent 

with the estimates used to size/power the study (Table 1). Given that obtaining consent for 

research [in particular, the use of autopsy (brain) and DNA samples] can be problematic in 

socio-economically disadvantaged and minority populations,37,38 the rates in the Safe 

Passage Study are exceptional and attest to early involvement and ongoing commitment of 

the communities to the mission of the Safe Passage Study (Supporting Information 

Appendix S1). Based upon the experience of the clinical sites in the Safe Passage Study in 

obtaining autopsy tissues for research, we have reported suggested guidelines for obtaining 

such consent in socioeconomically disadvantaged populations that we consider of potential 

value to investigators involved in similar types of research (Odendaal et al. 2011).38

Stillbirth, SIDS, and FASD disproportionately afflict socio-economically disadvantaged 

populations and minority populations.9,10,12,14–18 However, it is likely that these findings 

will be universally applicable due to potential associations found between common cellular 

and molecular mechanisms of PAE upon the developing fetus and placenta. These findings 

may translate to preventive and intervention strategies in communities most burdened by 

these disorders and to the population at large.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Model of adverse perinatal outcomes related to prenatal alcohol exposure and the role of 

environmental and genetic modifiers. ANS, autonomic nervous system; CNS, central 

nervous system.
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Figure 2. 
Schedule of evaluations and events. Hx, history; U/S, ultrasound.
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Figure 3. 
Consolidated standards of reporting trials chart. aOf those eligible for the contact.
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Table 1

Published sudden infant death syndrome (SIDS), stillbirth, and fetal alcohol syndrome (FAS) rates

Parameter Overall US American Indians in Northern Plains, US Mixed ancestry in South Africa

Any drinking during pregnancy 8.0%1 57.6%9 40.5%10

SIDS rate 0.53/100011 3.46/10009 3.41/100012

Stillbirth rate 6.2/100013 8/100014 15/100015

FAS rate 0.5–2.0/100016 3.9–8.5/100017,18 40.5–46.4/100010
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