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Cohort profile

AbstrAct
Purpose The Deepwater Horizon Oil Spill is the largest 
marine oil spill in US history. Few studies have evaluated 
the potential health effects of this spill on the Gulf Coast 
community. The Women and Their Children’s Health 
(WaTCH) study is a prospective cohort designed to 
investigate the midterm to long-term physical, mental and 
behavioural health effects of exposure to the oil spill.
Participants Women were recruited by telephone from 
pre-existing lists of individuals and households using 
an address-based sampling frame between 2012 and 
2014. Baseline interviews obtained information on oil spill 
exposure, demographics, physical and mental health, and 
health behaviours. Women were also asked to provide 
a household roster, from which a child between 10 and 
17 years was randomly selected and recruited into a 
child substudy. Telephone respondents were invited 
to participate in a home visit in which blood samples, 
anthropometrics and neighbourhood characteristics were 
measured. A follow-up interview was completed between 
2014 and 2016.
Findings to date 2852 women completed the 
baseline interview, 1231 of whom participated in the 
home visit, and 628 children participated in the child’s 
health substudy. The follow-up interview successfully 
reinterviewed 2030 women and 454 children.
Future plans WaTCH continues to conduct follow-up 
surveys, with a third wave of interviews planned in 2017. 
Also, we are looking to enhance the collection of spatially 
related environmental data to facilitate assessment 
of health risks in the study population. In addition, 
opportunities to participate in behavioural interventions 
for subsets of the cohort have been initiated. There are 
ongoing studies that examine the relationship between 
genetic and immunological markers with mental health.

InTroducTIon
deepwater Horizon oil Spill
Oil spills result in profound environmental 
pollution and economic consequences for 

communities in the affected areas. Popula-
tions near oil spills are potentially exposed 
to hazardous components of crude oil, 
including volatile organic carbons and heavy 
metals.1 On 20 April 2010, the British Petro-
leum (BP)-operated Deepwater Horizon 
drilling rig exploded 49 miles off the Missis-
sippi River Delta in Louisiana, killing 11 
workers and burning for approximately 
36 hours before sinking.2 Nearly 210 million 
gallons of crude oil spilled into the Gulf of 
Mexico over an area up to 68 000 square 
miles before the sea-floor wellhead was finally 
capped on 15 July 2010, after many failed 
attempts.3 The Deepwater Horizon Oil Spill 
(DHOS) was the largest accidental marine 
oil spill in the history of the US petroleum 
industry, dwarfing all prior oil tanker spills in 
magnitude and impact on the environment 
and causing extensive damage to marine 

Strengths and limitations of this study

 ► Involved a unique vulnerable population repeatedly 
traumatised by natural and technological disasters.

 ► Used a longitudinal prospective design with active 
retention and follow-up augmented through 
community advisory members

 ► Conducted systematic social observation of 
neighbourhood conditions

 ► Subjects challenging to enumerate and 
sample  population overburdened by research due 
to their experience of numerous disasters, resulting 
in some degree of mistrust of population research 
studies.

 ► Indirect surrogate measurement of oil spill exposure 
constructed after the fact based on self-reported 
subjective measures.
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and wildlife habitats. It contaminated over 1000 miles 
of beach and marsh shoreline from Texas to Florida and 
threatened the viability of the northern Gulf’s commer-
cial fishing and tourism industries.4 5 BP used controlled 
burns, releasing 1.84 million gallons of dispersant chem-
icals into the ecosystem to break up the crude oil, and 
employed several thousand workers and volunteers to 
participate in clean-up activities.2 6 Despite these efforts, 
the Gulf Coast region was severely impacted by the DHOS, 
with damage to the environment, effects to both the 
tourism and fishing industries, and threats to the phys-
ical and mental well-being of residents, clean-up workers 
and volunteers. The impact of the oil spill was of primary 
concern among seven southeast Louisiana parishes — 
Orleans, St Bernard, Jefferson, Plaquemines, Lafourche, 
Terrebonne and St Mary — due to their geographical 
proximity to the wellhead, low elevation and economic 
reliance on fishing and other marine activities.2

oil spills and health
There has been little research on the long-term health 
effects resulting from oil spills, despite the fact that from 
the early 1970s to 2010, there have been over 350 spills 
of more than 700 tons of oil, and many of these spills 
directly impacted land and affected coastal communities.7 
The small number of studies that have been conducted to 
date on the human health impact of oil spills, dispersants 
and airborne particulate matter has focused primarily on 
the immediate physical, physiological and psychological 
effects.8–10 Crude oil and dispersants contain many toxic 
components, including a wide range of aromatic/aliphatic 
hydrocarbons, hydrogen sulfide gas, heavy metals and 
sulfonic acid. Exposure to these toxic components may 
result in a variety of adverse physiological effects in the 
immediate aftermath of an oil spill, including respiratory 
irritation, cough and shortness of breath, and central 
nervous system depression.8 11 12 Human health can also 
be indirectly affected by the DHOS through social and 
economic disruption.13–18 Many Gulf Coast residents are 
dependent on local fishing and tourism for their source 
of income, and these industries were severely affected 
by the DHOS and its destruction of the surrounding 
ecosystem.2 19 The ensuing financial liability from oil spills 
often negatively impacts the mental and psychosocial well-
being of an entire household and may possibly manifest 
as behavioural and physical health disorders.18 20 A review 
article by Aguilera et al8 examined several epidemiolog-
ical studies that explored population health effects after 
exposure to oil spills, finding a consistent association 
between oil spill exposure and neurological, respiratory, 
dermal and mental health effects. A more recent review 
concluded that mental and physical/physiological effects 
from oil spills may persist for years.12 The DHOS has 
often been compared with the second largest maritime 
oil spill in the USA, the Exxon Valdez oil spill. In 1989, 
the tanker Exxon Valdez ran aground in Prince William 
Sound, Alaska, and spilled thousands of barrels of oil onto 
the coast, which has had substantial impact on the health 

of surrounding communities.21 22 Several studies have 
examined the health effects from the Exxon Valdez oil 
spill, observing that oil spill-exposed individuals reported 
a higher degree of economic disruption and an increase 
in adverse mental health outcomes, including stress, 
anxiety and depression compared with those without 
spill exposure.22 23 Another study conducted 2 years after 
the Prestige oil spill observed that fishermen who had 
participated in the clean-up efforts were more likely to 
report respiratory problems and exhibit chromosomal 
alterations than those of the same communities who did 
not participate in the clean-up activities.24 To date, only 
a few studies have examined the human health effects 
associated with the DHOS.25 26 Peres et al27 studied the 
physical health of women in southeast Louisiana after the 
DHOS and observed a higher frequency of headaches, 
shortness of breath, watery, burning, itchy eyes, skin rash 
and cough among women who reported higher DHOS 
exposures compared with non-exposed or low-DHOS-ex-
posed women. An additional study examined the mental 
health effects of individuals residing in southern Loui-
siana after the DHOS, reporting that disruption of the 
family and work environment by the DHOS was associ-
ated with negative mental health outcomes, especially 
anxiety and depression.28 A study in Alabama and Florida 
observed that affected communities were more likely to 
report stress, anxiety and depression.25

defining oil spill exposure
Even though there have been several oil spills around the 
world, with fewer studies examining their impacts on indi-
vidual and community health, a consistent, reliable and 
valid measurement of an individual’s oil spill exposure has 
not yet been established or used throughout the disaster 
literature.1 12 Defining what constitutes oil spill exposure 
is a challenging and crucial step in studying and under-
standing the impact oil spills can have on human health 
and well-being. In addition, traditional epidemiological 
studies examining health-related effects of oil spills have 
focused mainly on clean-up workers.8 29 Although clean-up 
workers are the most likely persons to be directly exposed 
to the crude oil, massive oil spills such as the DHOS have a 
far-reaching effect on residents of surrounding communi-
ties. In particular, children are vulnerable and susceptible 
to long-term mental and physical health effects from oil 
spills and other disasters.30 31 In the wake of the DHOS, 
the Institute of Medicine (IOM) called for more research 
to study the physiological, psychological and behavioural 
effects of oil spills.32

Most epidemiological observational studies established 
after the DHOS event were initiated 1–2 years after the 
spill occurred and were therefore unable to capture 
oil spill exposure information at the time of the spill 
from participants. Therefore, they required some form 
of retrospective assessment. Exposures may be directly 
measured using sophisticated equipment or assays, or 
they can be inferred through questionnaires asking about 
the presence of the environmental agent of interest. With 
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respect to the oil spill, exposure was not simply a single 
agent in a defined setting. Rather it was long-lasting, 
widespread and a complex mixture of unspecified chem-
ical, physical, environmental, economic and emotional 
experiences individuals in the community faced. Some-
times, a complex mix of exposures occurring in a broad 
geographical setting may be considered as valid as specific 
measures of a single agent when being considered in the 
context of public health setting.33 Previous oil spill studies 
have demonstrated this approach. Most relevant to the 
present study is the approach adopted by Palinkas et al34 
in studying the Exxon Valdez oil spill. They employed a 
framework used in previous disaster research whereby 
study participants were classified based on their exposure 
to the oil spill and subsequent events using a series of ques-
tions about physical, economic and behavioural impacts. 
This approach has been used in numerous studies that 
examine the environmental impact of oil spill exposures 
on communities and individuals, and is adopted here.

Study objective
The currently available literature is suggestive of increased 
adverse physical and mental health outcomes associated 
with oil spills, although the evidence is often limited to 
those with the greatest exposure, such as clean-up workers, 
and may not be generalisable to the broader impacted 
community. In response to the IOM32 report calling for 
studies of health effects from the DHOS, we established 
the Women and Their Children’s Health (WaTCH) study 
with the goal of improving understanding of community 
effects from the oil spill. This study focuses on the health 
of adult women and their children residing in the most 
heavily affected areas of Louisiana. Women in particular 
represent a vulnerable yet influential population. They 
are often central to decision-making processes within 
families, especially with respect to decisions regarding 
health, support, diet and child-rearing. The purpose 
of this paper is to describe the study design, challenges 
in recruitment and the study population of a cohort of 
women and children from southeast Louisiana.

coHorT deScrIpTIon
WaTcH organisation and administration
The WaTCH study is a prospective cohort study 
conducted by the Louisiana State University Health 
Sciences (LSUHSC-NO) School of Public Health (SPH) 
in collaboration with investigators from New York 
University and Colorado State University. The primary 
funding for the study came from the National Institute 
of Environmental Sciences (NIEHS) Deepwater Horizon 
Research Consortia programme,35 which was a 5-year, 
$25.2 million effort creating community–university part-
nerships aimed at addressing the health effects stemming 
from the oil spill. The WaTCH fieldwork was conducted 
in Louisiana by investigators and study staff located at the 
LSUHSC-NO SPH. Data collection and management was 
centralised in the SPH Epidemiology programme. The 

study leadership team was represented by the Co-Prin-
cipal investigators, the Co-Investigators and a community 
liaison. As mandated by the NIEHS Deepwater Consortia 
programme, a community advisory board (CAB) was 
convened to provide input on the recruitment of subjects 
and dissemination of study findings. All WaTCH protocols 
were approved by the institutional review boards (IRBs) 
at LSUHSC-NO, New York University and Colorado State 
University. This study was also awarded a Certificate of 
Confidentiality from the National Institutes of Health, 
which helps researchers protect the privacy of human 
research participants enrolled in sensitive health-related 
research. These certificates protect against compulsory 
legal demands, such as court orders and subpoenas, for 
identifying information or identifying characteristics of 
a research participant.36 The WaTCH study focuses on 
community and individual resiliency, mental health and 
physical health. WaTCH consists of two major projects: 
(1) an examination of the acute and long-term human 
health effects of the DHOS and its clean-up among adult 
women in the community; and (2) an examination of 
how the effects of the oil spill influence the emotional 
well-being of children and adolescents.

Study design, subject identification, recruitment and 
enrolment
Our overall strategy was to establish a cohort of women 
and their children residing in the seven most heavily 
affected parishes (counties) in southeast Louisiana: 
Orleans, St Bernard, Jefferson, Plaquemines, Lafourche, 
Terrebonne and St Mary. This defined region, shown in 
figure 1, includes a population of approximately 725 000 
people. All participants arose from this primary study 
base.

Inclusion
Eligibility requirements for the adult women initially 
included being between 18 and 80 years of age; ability 
to complete the study interview in English; absence of 
cognitive impairment; and residence in one of the study 
parishes on 20 April 2010. We excluded women who were 
participating in the NIEHS GuLF Study, an intramural 
study investigating health effects among DHOS clean-up 
workers.29 After approximately 6 months, we lowered the 
upper age limit to 50 years of age to better recruit a greater 
proportion of women with eligible adolescent children. 
The population of adult women was enumerated from 
pre-existing lists of individuals and households using an 
address-based sampling frame provided by Marketing 
Systems Group (MSG). Address-based sampling uses the 
US Postal Service’s Computerized Delivery Sequence file 
(CDS), which MSG licenses. The CDS database contains 
over 135 million residential addresses and provides nearly 
100% coverage of all households in the USA. The CDS 
file contains a variety of address types, including city style, 
rural routes, post office boxes, seasonal, vacant and drop 
points. Sampling frames can be defined by any level of 
geography (postal or census) from census block up to 
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national. Additionally, a combination of address types can 
be targeted to satisfy the requirements of the research 
project. Household characteristics of age and gender 
were added to the ABS sample to further restrict the 
frame. Cellular telephone samples were not included due 
to limited availability of targeted numbers and high cost.

We initially conducted two-stage cluster sampling to 
ensure that we undersampled individuals from Orleans 
and Jefferson parishes, the two larger, more urban 
parishes. We specifically undersampled the northern, 
urban portions of these parishes because significant oil 
spill exposure was unlikely. MSG provided a sampling 
frame of approximately 48 000 valid addresses with phone 
numbers. Other than the two urban parishes, we sought 
to assure proportional representation relative to the 
2010 census in the cohort across all census tracts in the 
five-parish region. We also enrolled additional women 
referred to the study through friends, neighbours, other 
parties or direct marketing. We anticipated that a number 
of interested volunteers would hear about the study 
through community efforts to enhance recruitment. We 
had a CAB to assist recruitment through several commu-
nity engagement and community outreach recruitment 
activities. Women who contacted us through the study 

website or by calling a toll free number were considered 
for the study if they met the eligibility criteria described 
above.

Recruitment began when potential female participants 
were mailed an introductory letter describing the nature 
of the study (telephone interview, home visit, blood, 
urine collection and remuneration) and inviting them 
to participate. This was followed 1–2 weeks later by a 
screening recruitment telephone call from a trained inter-
viewer who ascertained the availability of an eligible adult 
woman residing at the address, provided further detail 
concerning the investigation and formally requested her 
participation. If we did not have a valid phone number 
for the potential participant, another letter was sent 
requesting that she either call a toll free number or use a 
secure web portal indicating her willingness to participate 
in the study. Interviews were conducted by the primary 
study staff at the LSUHSC-NO SPH in New Orleans as 
well by the LSU Public Policy Research Lab in Baton 
Rouge. All interviewers were trained and quality control 
measures were implemented to assure standardisation.

Interviewers were instructed to call each number at least 
12 times. Call attempts were also repeated after contact 
information was updated using a commercial tracing 

Figure 1 Map of Louisiana with study base shaded.
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service (Accurint). Between August of 2012 and June of 
2014, calls were made to 42 649 telephone numbers in an 
attempt to reach potentially eligible women for participa-
tion in the WaTCH study.

Telephone interview
Women who agreed to participate and provided verbal 
consent (a waiver of documentation of informed consent 
for the telephone interview portion of the study was 
granted by the IRB) were administered a computer-as-
sisted telephone interview. Study data were collected 
and managed using REDCap (Research Electronic Data 
Capture) electronic data capture tools hosted at the 
Epidemiology Data Center at the LSUHSC SPH. REDCap 
is a secure, web-based application designed to support 
data capture for research studies, providing (1) an intui-
tive interface for validated data entry; (2) audit trails for 
tracking data manipulation and export procedures; (3) 
automated export procedures for seamless data down-
loads to common statistical packages; and (4) procedures 
for importing data from external sources.37 The ques-
tionnaire included detailed questions on demographic 
characteristics, physical and mental health history, expo-
sure to the oil spill or its clean-up, medication use, lifestyle 
characteristics such as diet, smoking, alcohol consump-
tion, physical activity, occupational history, and exposure 
to prior hurricanes and other exposure information. 
There were also questions regarding healthcare access, 
social support, social capital, resource loss, financial or 
economic hardship and other measures of resiliency. 
Reasons for declining participation were recorded. Many 
of the questionnaire instruments employed were previ-
ously validated and publicly available (eg, the NIEHS 
GuLF study or PhenX Toolkit) or obtained from other 
epidemiological studies or national surveys.29 38

Home visit and biospecimen collection
All participants were asked at the end of the baseline 
telephone interview to participate in a home visit where 
biological samples (blood or saliva and urine) and anthro-
pometric measures (height, weight, waist circumference 
and hip circumference) were going to be collected. If the 
study subject agreed to the home visit, the information 
was forwarded to an independent contractor responsible 
for the home visit. Certified medical assistants (CMAs) 
who could do both phlebotomy and interviewing (for 
the mother and child substudy described below) were 
recruited through DOCS Global, a clinical resourcing 
provider. The CMAs completed the home visits, with 
training, supervision and supplies provided centrally 
by the WaTCH study coordinators. Each participant 
provided written informed consent for the anthropo-
metric measures and collection of biological specimens, 
as well as for documentation of the telephone interview. 
Each participant was asked to provide a blood sample; 
however, if she was unable or unwilling to do so, she was 
asked to give a saliva sample using an Oragene self-collec-
tion kit (DNA Genotek). If a participant did not wish to 

have a home visit but consented to give a saliva sample, 
an Oragene self-collection kit was mailed directly to the 
participant. The CMA obtained weight (kg), height (m) 
and hip and waist circumference (cm) three times using 
a digital scale and tape measure. For each subject, the 
CMA collected approximately 16 cc of blood (four 4 mL 
tubes) and 30 cc of urine. The following blood samples 
were obtained: two lavender EDTA tubes for plasma and 
leucocytes; and two red top tubes with no additives for 
serum and clots. Collected samples were transported 
on ice to the LSUHSC SPH Laboratory within 24 hours 
of collection for processing and storage. Blood samples 
were processed to extract serum, plasma and buffy coat. 
Urine and aliquots of serum, plasma and buffy coat were 
stored long term at −80°C. Saliva samples were stored at 
room temperature according to standard protocol. DNA 
was extracted from cells contained in the buffy coat using 
the Qiagen QIAamp Blood Mini Kit and from saliva using 
the DNA Genotek prepIT-C2D kit. Extracted DNA was 
stored in −20°C. Participants in the study received remu-
neration for their time and effort. Remuneration was 
originally $25 for a phone interview, $20 for a home visit, 
$15 for a mother interview and $15 for a child interview. 
After approximately 6 months, the amount of remunera-
tion to the adult women was increased to $40 for phone 
interview and $25 for anthropometrics and biospecimen 
collection.

neighbourhood audit
Before the home visit, the CMA conducted a neighbour-
hood assessment of the immediate block face surrounding 
participants’ homes. The neighbourhood audit was used 
to obtain an estimate of the amount of social disorder on 
the participants’ street as one measure of environmental 
stress. The instrument has been previously validated and 
adapted from prior studies39 and included 25 items rating 
the block face and street of each participant’s residence. 
Information was obtained on land use and condition, as 
well as on volume of traffic, condition of street, noise, 
smells, presence of abandoned cars, garbage/litter/
broken glass, graffiti and presence of recreational facili-
ties.

child impact substudy
Before terminating the adult telephone survey, women 
who reported having a child between the ages of 10 and 17 
years of age living at home at the time of the oil spill were 
invited to participate in the child impact substudy. The 
interviewer described the child impact substudy and 
asked whether the respondent would be willing to have 
her child participate. Upon agreement to participate, 
one child per family between the ages of 10 and 17 years 
was randomly selected from among all the children aged 
10–17 years in the home. If the selected child was physi-
cally or mentally unable to participate, another child was 
randomly selected from within the household. A face-
to-face interview was scheduled during a time in which 
the woman and selected child were both available for 
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an interview. We strove to have this visit coincide with 
the women’s home visit for biospecimen collection. If a 
woman refused to participate in the home visit for biospe-
cimen collection yet had an eligible child, we offered her 
an opportunity to complete the mother and child portion 
as a telephone interview.

Home visit for women and children
Home visits for the participating adult women were 
handled as described above for consent and biospec-
imen collection. For those women with a participating 
child, additional parental consent and child assent were 
obtained by the CMA at the time of the home visit before 
the parent and child interviews started.

The mother and child interviews for the child impact 
substudy included (1) a 45 min interview of the mother 
or guardian of the child, including parent and house-
hold-level factors regarding the child’s physical and 
emotional health, academic achievement, behaviour 
and development; household needs and resources; and 
neighbourhood characteristics to supplement the tele-
phone survey; and 2) a 15 min interview of the child 
about his or her thoughts and feelings regarding the 
oil spill, coping strategies, hopelessness, stress and 
behaviour. The women were remunerated an additional 
$25 for completing the child assessment interview, and 
children were given $25. All in-home data collection 
for women and children was accomplished using iPads 
running the iForm application. iForm is a cloud-based 
mobile data collection platform that allows secure 
form-based data collection with or without internet 
connectivity. Global Positioning System (GPS) data 
acquisition of CMAs and study participant locations and 
residences also occurred.

Quality control
To ensure consistency, participant safety and confidenti-
ality, CMAs were trained and activities were standardised 
and periodically reassessed during the study period. Inter-
view and biological sample collection data were reviewed 
on an ongoing basis to identify process or procedure vari-
ation among study staff, and feedback was given when 
corrections were needed to maintain consistency.

In addition, the project manager randomly selected 
10% of the study participants after telephone interviews, 
and study visits were completed to assess CMA perfor-
mance and solicit feedback about the home visit.

Follow-up survey
A follow-up (wave II) telephone survey was implemented 
from September 2014 to June 2016. The follow-up ques-
tions reassessed information collected during the baseline 
phone interview, including demographics, physical and 
mental health, behaviours and other exposures. New 
modules were added including questions to assess the 
following personal characteristics: conservation and loss 
of resources, resiliency, social capital, perceived stress, life 
events and post-traumatic stress.

Women in the WaTCH study were recontacted for 
inclusion in the wave II follow-up. Each adult WaTCH 
participant received a letter describing the nature of the 
wave II questionnaire, followed by a telephone call from 
an LSUHSC-NO-based interviewer to ascertain the willing-
ness of the participant to complete the follow-up survey. 
Interviewers called each number at least 12 times. The 
calling cycle was repeated after sending reminder post 
cards. Contact information was updated using Accurint. 
For completion of the wave II questionnaire, participants 
received $40 for their time and effort.

For the children’s substudy, brief follow-up telephone 
interviews were conducted with mothers and their chil-
dren. Similar recontact approaches described above were 
attempted to locate mothers and their children. Child 
interview questions reassessed information collected 
during the baseline interview, including demographics, 
physical and mental health, social behaviours and school 
information. Mothers and children also each received 
$25 for their time and effort.

cohort retention
Participants receive annual newsletters, holiday cards and 
other mailings, including an annual reminder to update 
contact information either through the study website ( 
sph. lsuhsc. edu/ watch) or by calling a toll free number. In 
addition to providing information about the study, these 
mailings keep the participant contact database up-to-date. 
It is anticipated that study participants will be followed 
by telephone interview every 2–3 years dependent on 
the available research support funding.

dHoS exposure
To characterise exposure to the DHOS, the WaTCH study 
used six oil spill exposure questions that Palinkas et al23 
developed for the 1989 Exxon Valdez oil spill and added 
three additional questions on the financial impact of the 
DHOS and the participant’s experience in smelling the 
oil. Table 1 lists the WaTCH interview items used to assess 
potential exposures to the DHOS. Since these nine items 
were highly correlated with each other, we used a data-
driven approach, exploratory factor analysis, to quantify 
exposure to the DHOS that fit the variance–covariance 
matrix of the observed variables, followed by a confir-
matory factor analysis to test relations among indicator 
variables and latent variables.

response rate
The response rate was defined using the American Asso-
ciation of Public Opinion Research’s (AAPOR) standard 
definitions for surveys.40 It was defined as the number 
of complete interviews with respondents divided by the 
number of eligible respondents in the sample plus an 
estimated proportion of cases with unknown eligibility 
that may actually be eligible. Of the 42 649 telephone 
numbers attempted, 16 732 numbers were deemed ineli-
gible (disconnected numbers, no woman at the telephone 
number, businesses and so on), and 22 998 numbers were 
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of unknown eligibility (never picked up, hung up before 
determination of eligibility). Sixty-seven were known to 
be eligible but refused to participate or were unable to be 
contacted. The final baseline (wave I) sample consisted 
of 2852 women who completed the telephone question-
naire. Therefore, the response rate was estimated as the 
number of complete interviews (n=2852) divided by the 
number of eligible respondents in the sample (those 
interviewed plus 67 who refused) plus the estimated 
proportion of cases with unknown eligibility that may 
actually be eligible. For this proportion, we used AAPOR’s 
suggested estimate of about 15%. Because we had almost 
23 000 cases of unknown eligibility (i.e., people in our 
sampling frame who we were unable to reach to even 
determine their eligibility much less consent them into 
the study), this meant an additional 3450 cases were 
included in the response rate denominator. Therefore, 
the overall response rate was 45%. Our cooperation rate 
(number of interviews divided by number of interviews 
plus number of refusals) was 98%.

Statistical analysis
We used summary statistics to show the demographic 
and exposure characteristics of surveyed women in waves 
I and II. Statistical analyses were performed using SAS 
V.9.4, except for the exploratory and confirmatory factor 
analyses, which were conducted using MPlus V.7 (Muthen 
& Muthen, Los Angeles, California, USA).

FIndIngS To daTe
Subject accrual
Between July 2012 and August 2014, 2852 women 
completed the baseline telephone interview. As described, 
the response and cooperation rates were 45% and 98%, 
respectively. Individuals who volunteered for the study 
accounted for less than 5% of the wave I sample. There 
were 2788 women who completed the full interview, and 
64, considered partial interviews, completed over 50% of 
the questions but not the entire interview. The mean time 
from oil spill to the first telephone interview was 3.1 years. 
Of the 2852 women, 1231 women (43%) participated in 
a home visit in which blood was successfully obtained 
from 1058 women (37%) and urine from 1176 (41%). 
In addition, 221 women (8%) provided us a saliva sample 
through either the home visit or self-collection and over-
night delivery. We identified and successfully recruited 
628 children and their mothers. 

Baseline wave I subject demographic characteristics
Table 2 presents the demographic characteristics of 
the 2852 women in the cohort. The mean age of the adult 
women was 45.7 years, and the majority of the study popu-
lation was white (56%), with 34% black and 6.3% other 
race; 3.5% chose not to report race. About a third of the 
women reported an annual prespill household income 
of less than $30 000, 28% of women reported currently 
drinking alcohol, and 20% reported currently smoking. 
Approximately 70% reported having an education of 

Table 1 DHOS exposure items asked of adult WaTCH participants in the telephone survey

DHOS exposure items Answer choices

1. Did you work on any of the oil spill clean-up activities? Yes/No

2. Are there any other ways that you came into physical 
contact with the oil from the spill or clean-up activities?

Yes/No

3. Did you have any property that was lost or damaged 
because of the oil spill or clean-up?

Yes/No

4. Did the oil spill cause any physical damage to the areas 
where you or other household members fish commercially?

Yes/No

5. Has the oil spill directly affected the recreational hunting, 
fishing or other activities of any members of this household?

Yes/No

6. Did you or anyone in your household lose any income due 
to disruption of employment or closing a business because of 
the oil spill?

Yes/No

7. Compared with other residents in your community, were 
you:

Hit harder, affected about the same or affected less by the oil 
spill

8. How would you rate the influence of the oil spill on your 
household’s current financial situation?

Very negative, somewhat negative, somewhat positive, very 
positive or no influence

9. After the oil spill, could you smell the oil? Yes/No

9a. If yes, how strong was the smell? Not strong, a little strong, moderately strong, quite strong or 
extremely strong

9b. If yes, how often could you smell it? None, a little of the time, some of the time, most of the time or 
all of the time

DOHS, Deepwater Horizon Oil Spill; WaTCH, Women and Their Children’s Health study.
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Table 2 Baseline wave I demographic characteristics of the 
2852 adult women in WaTCH

N %

Mean SD

Interview type

        Full 2788 97.8

        Partial 64 2.2

        Home visit 1231 43.1

        Time from spill to interview (years) 3.1 0.38

Age (years)

        19–34 486 17.0

        35–49 1525 53.5

        50–64 589 20.7

        65+ 252 8.8

Race

        Non-Hispanic white 1604 56.2

        Non-Hispanic black 969 34.0

        Other 179 6.3

        Unknown 100 3.5

Marital status

        Married/Living with partner 1785 62.6

        Never married 498 17.5

        Widowed/Divorced/Separated 565 19.8

        Unknown 4 0.1

Annual income pre-DHOS

        <$30 000 939 32.9

        $30 001–$60 000 664 23.3

        $60 001–$90 000 508 17.8

        $90 001+ 478 16.8

        Unknown 263 9.2

        Household size (individuals) 3.6 1.5

Education

        <High school 327 11.5

        High school graduate (or General 
Equivalency Diploma (GED))

785 27.5

        Vocational/Technical/Community/
Some college

865 30.3

        College graduate 805 28.2

        Unknown 70 2.4

Employment

        Full time 1225 43.0

        Part-time 306 10.7

        Unemployed 1224 42.9

        Other 28 1.0

        Unknown 69 2.4

Health insurance

        None 446 15.6

        Private 1074 37.7

Continued

N %

Mean SD

        Medicare/Medicaid only 405 14.2

    Multiple 797 27.9

    Other 56 2.0

    Unknown 74 2.6

General health

    Excellent 304 10.7

    Very good 920 32.3

    Good 927 32.5

    Fair 532 18.6

    Poor 162 5.7

    Unknown 7 0.2

Parish

    Jefferson 489 17.2

    Lafourche 540 18.9

    Orleans 532 18.7

    Plaquemines 184 6.4

    St Bernard 192 6.7

    St Mary 385 13.5

    Terrebonne 530 18.6

Smoking status

    Never smoker 1813 63.6

    Current smoker 561 19.7

    Former smoker 465 16.3

    Unknown 13 0.5

Body mass index

    <18.5 (underweight) 25 0.9

    18.5–24.9 (normal weight) 737 25.8

    25.0–29.9 (overweight) 828 29.0

    30.0–34.9 (class I obesity) 574 20.1

    35.0–39.9 (class II obesity) 337 11.8

    ≥40.0 (class III obesity) 293 10.3

    Unknown 58 2.0

Prior disaster experience

    Yes 2848 99.9

    No 3 0.1

    Unknown 1 0.0

Number of children (<18 years) at home

    0 1223 42.9

    1 747 26.2

    2 571 20.0

    3+ 311 10.9

DHOS, Deepwater Horizon Oil Spill; WaTCH, Women and Their 
Children’s Health.

Table 2 Continued 



 9Peters ES, et al. BMJ Open 2017;7:e014887. doi:10.1136/bmjopen-2016-014887

Open Access

less than a college degree, and 43% reported working 
full time. Slightly over 5% reported poor health, and 
15% reported not having any health insurance. Partic-
ipants were also relatively evenly distributed between 
five of the seven coastal parishes; Plaquemines and St 
Bernard parishes proportionally yielded fewer respon-
dents, reflecting the smaller size and lower density of 
their parish populations.

dHoS exposure
After evaluating the fit indices and interpretability of each 
factor solution, a two-factor solution was found to have the 
best fit, explaining approximately 57% of the variance. 
Model fit statistics from the confirmatory factor analysis 
revealed there was an acceptable fit to the data for this 
two-factor solution (χ2=116.11, p<0.01; Comparative Fit 
Index (CFI)=0.97; Tucker-Lewis Index (TLI)=0.96; Root 
Mean Square Error of Approximation (RMSEA): 0.035; 
90% CI (0.029 to 0.041)). The first factor, consisting of 
items related to income loss, how hard participants were 

hit compared with others and the oil spill’s influence on 
household finances, was labelled as economic exposure. The 
second factor, consisting of the other six items, was labelled 
as physical/environmental exposure. Within each factor, the 
binary responses to the questions included in that factor 
were summed to create an exposure score. The range of 
possible scores for the physical/environmental exposure 
factor was 0–6, and the economic exposure factor 0–3. 
Exposure scores within each factor were categorised into 
three groups: unexposed, low exposure and high expo-
sure. An exposure score of 0 was defined as unexposed, 
and the cut-points for low and high exposure were deter-
mined by the median exposure score within that factor. 
The major items contributing to physical/environmental 
exposure consisted of reports that the spill had directly 
affected recreational activities (34%), smelling the oil 
(27%) and coming into physical contact with the oil in 
other ways (22%).

Table 3 shows the distribution of the DHOS exposure 
items among the adult women, broken down by exposure 

Table 3 Economic and physical/environmental exposure to the Deepwater Horizon Oil Spill (DHOS)

Exposure to the DHOS N (%)

Economic exposure

    1. Lost Household income due to employment disruption/closing of business because of oil spill 743 (26.1)

    2. Hit harder by oil spill compared with others in community 167 (5.9)

    3. Oil spill had somewhat or very negative influence on HH financial situation 1064 (37.3)

Physical/Environmental exposure

    4. Oil spill caused damage to areas fished commercially 195 (6.8)

    5. Extent and frequency of smelling oil

     No smell exposure 1694 (59.4)

     Any smell exposure 1035 (36.3)

Strength of smell

     Extremely 121 (4.2)

     Quite 148 (5.2)

     Moderately 424 (14.9)

    A little strong 276 (9.7)

    Not strong 60 (2.1)

    Don’t know 6 (0.2)

Frequency

     All the time 183 (6.4)

     Most of the time 279 (9.8)

     Some of the time 417 (14.6)

    A little of the time 141 (4.9)

    None of the time 7 (0.2)

    Don’t know 8 (0.3)

    6. Came into physical contact with oil in other ways (eg, during home, recreation, hunting, fishing or other 
activities)

624 (21.9)

    7. Oil spill directly affected recreational hunting/fishing/other activities of household 972 (34.1)

    8. Worked on any oil spill clean-up activities 55 (1.9)

    9. Any property lost or damaged due to oil spill or clean-up 72 (2.5)
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groupings determined through confirmatory factor anal-
ysis. A small percentage of women worked on the DHOS 
clean-up activities (2%), had property that was lost or 
damaged due to the DHOS (2.5%) or reported physical 
damage to the commercial fishing areas used by members 
of their household (7%). The participants reported DHOS 
exposure as having an impact on their financial situation, 
with 37% reporting a negative or somewhat negative 
impact on household finances and 26% reporting losing 
income due to disruption of employment or the closing 
of a business.

children demographic characteristics
Six hundred and twenty-one children and their mothers 
completed a baseline child interview. Demographic and 
exposure characteristics of children in the WaTCH 
study are shown in table 4. Children were interviewed 
on average 3.5 years after the DHOS. Fifty per cent of 
the children were female. Fifty per cent of the mothers 
reported their child’s race as white, 40% black, 6% as 
other and approximately 4% did not report race. Forty 
per cent of the children reported being enrolled in 
grades 9–12, 43.5% enrolled in grades 6–8, 15.5% in 
grades 3–5% and 1.2% either other or unknown. Thir-
ty-three per cent of the children’s mothers reported a 
prespill annual household income less than $30 000, 
25% reported an income between $30 001 and $60 000, 
20% between $60 001 and $90 000, and 20% reported 
a household income greater than or equal to $90 001.

Home visit subcohort
There were 1231 (43%) women who completed a wave 
I telephone interview and who also completed a home 
visit that included a blood, saliva or urine sample. Table 5 
describes the demographics for WaTCH participants 
who provided blood samples. Among these women, 
we observe a slightly higher proportion of women who 
self-reported their race as black, had a lower prespill 
household income and had less education than the full 
cohort who completed the wave I telephone interview.

Follow-up (wave II) survey participation
There were 2038 (72%) adult women enrolled at base-
line who completed the wave II follow-up interview. 
Four hundred and fifty-seven (74%) of the enrolled chil-
dren completed the wave II interview. Among the adult 
women who completed the interview, a higher propor-
tion were black (36%) and more likely to report lower 
income and lower education compared with women 
who completed the wave I interview. The children who 
completed the wave II interview were equally balanced 
with respect to gender and race, closely mirroring wave 
I children participants. Complete adult women and chil-
dren participant characteristics are shown in Table 6.

Strengths and limitations
The WaTCH study was established to examine the phys-
ical and mental health outcomes associated with the 
DHOS in a large community-based population. Many 

prior studies investigating health effects of previous oil 
spills often had small sample sizes, were cross-sectional in 
nature or focused on a target population such as workers.

Enumeration of the population was a logistical 
challenge; there are no comprehensive resident lists 
available in Louisiana as there are, for example, in 
Massachusetts.41 We therefore relied on commer-
cially available resident lists of women with available 
telephone numbers residing in our targeted geograph-
ical region. While we attempted to recruit identified 
women, contacting them was challenging as they often 
moved, changed phone numbers or terminated their 
landline phone. We investigated the use of cell phone 
sample frames, but in 2012 the availability of cell phone 
numbers linked to a geographical locale or person was 
neither operationally feasible nor economically viable. 
We used a commercial tracing service (Accurint) to 
attempt to locate sample frame members, but without 
social security as part of the sampling frame, this was 
limited in its utility. However, for the follow-up survey, 
when social security numbers were provided by partici-
pants, tracing them through this service was marginally 
improved. Recruitment was also impacted by the 
community perception of BP, news and media reports, 
potential litigation, and numerous other factors. Anec-
dotally, many individuals presented with research 
fatigue from being recruited for numerous studies of 
past hurricanes and other DHOS-related activities. It 
has been recognised that participation rates for epide-
miological studies have been declining during the 
past few decades, with even steeper declines in recent 
years.42 This global decrease in participation rates more 
likely than not affected our participation. While lower 
participation rates themselves do not necessarily reflect 
a greater proclivity for bias, any difference in partici-
pants and non-participants should be recognised as a 
potential source of bias. We employed remuneration as 
described above, as well as a community engagement 
effort through our CAB, to enhance recruitment of 
women and children into the study.

The largest challenge the study faced was deter-
mination of participants’ exposure to either the oil 
per se or the oil spill’s impact. In lieu of direct toxi-
cological, biological or environmental measures, the 
WaTCH study used an indirect assessment of partic-
ipants’ economic, physical or environmental impact 
from the spill. As the vast majority of participants did 
not participate in the clean-up activities and did not 
report proximate contact with the oil, the opportunity 
for direct exposure was fairly low. The timing of the 
exposure assessment was also a substantial challenge. 
Given that the oil spill began in April 2010, funding 
was not awarded until the middle of 2011 and subject 
recruitment did not start until 2012, it was impossible to 
obtain objective prespill exposure and health outcome 
data. This is a recognised limitation and inherent chal-
lenge in almost all disaster research.43 44 Given disasters 
are ubiquitous and nearly impossible to predict, much 
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Table 4 Demographic and exposure characteristics of children (n=621) in the WaTCH study

N %

Mean SD

Gender

    Female 313 50.4

    Male 305 49.1

    Unknown 3 0.5

Age at time of DHOS (years)

    5–6 38 6.1

    7–9 250 40.3

    10–12 238 38.3

    13–15 95 15.3

Race

    Non-Hispanic white 313 50.4

    Non-Hispanic black 248 39.9

    Other 40 6.4

    Unknown 20 3.2

    Time since oil spill (years) 3.5 0.4

Education (grade)

    3–5 96 15.5

    6–8 270 43.5

    9–12 248 39.9

    Dropped out 1 0.2

    Home school 1 0.2

    High school graduate 3 0.5

    Unknown 2 0.3

Preoil spill household income

    <$30 000 203 32.7

    $30 001–$60 000 153 24.6

    $60 001–$90 000 125 20.1

    $90 001+ 122 19.7

    Unknown 18 2.9

    Household size 4.4 1.4

DHOS exposure

    Was the area where you live or were any of the beaches that you usually visit affected by the oil spill? 275 44.3

    Did you help with any oil spill clean-up activities? 12 1.9

    At any time since the oil spill did you come into physical contact with the oil or tar balls from the spill or anything that 
was put into the water to clean up the spill?

48 7.7

    When the oil spill first occurred in April 2010, did you smell oil? 81 13.0

    Were you hit harder by oil spill than others? 35 5.6

    Were recreation areas that you use affected? 324 52.2

Health insurance

    None 9 1.4

    Medicaid 229 36.9

    Private 311 50.1

    Multiple 24 3.9

    Other 45 7.2

    Unknown 3 0.5

Child’s health

    Excellent 252 40.6

    Very good 213 34.3

    Good 116 18.7

Continued



12 Peters ES, et al. BMJ Open 2017;7:e014887. doi:10.1136/bmjopen-2016-014887

Open Access 

epidemiological research unfortunately transpires well 
after the fact. There is, therefore, a potential for recall 
bias, and for those with the least impact from the spill 
there is perhaps a greater likelihood to minimise or 

trivialise exposure, or conversely to over-report expo-
sure and health effects. Furthermore, the self-reported 
nature of exposure measurement enhances opportu-
nity for misclassification of exposure. Nonetheless, 
the exposure questions were standardised, brief and 
fairly easy to recall in order to better estimate expo-
sure. Additional efforts are underway to correlate and 
corroborate subjects’ exposure with external reference 
data, such as spatiotemporal environmental measures 
collected by the state of Louisiana, BP and the Environ-
mental Protection Agency, among others. Information 
on health and other outcomes was also self-reported 
and collected 2–3 years after the spill. As with recruit-
ment, symptom reporting may have been influenced by 
media attention, litigation advertisements and commu-
nity activism. While we tried to tie outcomes to calendar 
time in order to minimise association with the DHOS, 
and therefore mitigate a potential information bias, 
respondents often tied things together as there was no 
negating the fact that this was a study to examine health 
effects associated with the DHOS.

Assessment of the impact of disasters on health serves 
many purposes, ranging from small surveys designed to 
target and provide services in response to an event, to 
large-scale studies intended to examine and estimate the 
impact and long-term health effects of a disaster. The chal-
lenge with implementing these latter studies such as ours 
is they are more resource-intensive and require a longer 
start-up time and a more extended period of follow-up 
and analysis.45 Further, identifying those directly impacted 
by the event is a challenge, and inclusion of those with 
little to no impact may mask potential smaller effects 
of the exposed population. Recent studies have been 
published suggesting that one of the long-lasting legacies 
of the DHOS is on the mental and behavioural health of 
the affected communities.25 46–48 Thus continued mainte-
nance and follow-up of this cohort is critical to understand 
the long-term health consequences of the DHOS.

collaborations
This is one of the largest community-based prospective 
cohort studies funded to date by the NIEHS extramural 
research division with respect to any oil spill. Epidemi-
ological disaster research is replete with logistical and 
ethical challenges with respect to funding, development 
and implementation of efforts to collect data in a timely 
manner. Nonetheless, the WaTCH study employed a 
robust design with validated and repeated outcome 

N %

Mean SD

    Fair 35 5.6

  Poor 4 0.6

  Unknown 1 0.2

DOHS, Deepwater Horizon Oil Spill; WaTCH, Women and Their Children’s Health.

Table 4 Continued 

Table 5 Demographics for WaTCH participants with blood 
samples

Wave 1

N %

Total 1058 100

Age (years)

  19–34 189 17.9

  35–49 534 50.5

  50–64 237 22.4

  65+ 98 9.3

Marital status

  Married/Living with partner 638 60.3

  Widow/Separated/Divorced 225 21.3

  Never married 194 18.3

  Unknown 1 0.1

Race

  Non-Hispanic black 396 37.4

  Non-Hispanic white 587 55.5

  Other 61 5.8

  Unknown 14 1.3

Preoil spill household income

  <$30 000 410 38.7

  $30 001–$60 000 277 26.2

  $60 001–$90 000 158 14.9

  $90 001+ 171 16.2

  Unknown 42 4.0

Education

  <High school 141 13.3

  High school graduate/General Equivalency 
Diploma (GED)

298 28.2

  Vocational/Community college/Some college 343 32.4

  College graduate 276 26.1

Employment

  Full time 416 39.3

  Part-time 120 11.3

  Unemployed 505 47.7

  Other 16 1.5

  Unknown 1 0.1

WaTCH, Women and Their Children’s Health.
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measurements in a prospective manner. It provides a 
powerful framework to study physical and mental health 
effects in an especially vulnerable population subjected 

to repeated natural and technological disasters. The 
population is racially diverse and includes partici-
pants from communities and demographics often not 

Table 6 Demographics of adult women (n=2038) and children (n=457) who completed the follow-up wave II survey. *These 
categories are exclusive to the child population

Women Children

Age (years) N (%) N (%)

  10–12 58 (12.7)

  13–15 180 (39.4)

  16–17 123 (26.9)

  18–20 96 (21.0)

  18–35 272 (13.4)

  36–64 1508 (74.0)

  65+ 258 (12.7)

Gender

  Female 2038 (100) 228 (49.9)

  Male 229 (50.1)

Race

  Non-Hispanic black 740 (36.3) 190 (41.6)

  Non-Hispanic white 1149 (56.4) 231 (50.5)

  Other 127 (6.2) 28 (6.1)

  Unknown 22 (1.1) 8 (1.7)

Current household income

  <$30 000 811 (39.8) 147 (32.2)

  $30 001–$60 000 481 (23.6) 111 (24.3)

  $60 001–$90 000 287 (14.1) 92 (20.1)

  $90 000+ 403 (19.8) 98 (21.4)

  Unknown 56 (2.8) 9 (2.0)

Education

  3–5* grade – 2 (0.4)

  6–8* grade – 134 (29.3)

  9–12* grade – 238 (52.1)

  Home school* – 1 (0.2)

  <High school 232 (11.4) 0

  High school graduate (or General Equivalency Diploma (GED)) 573 (28.1) 18 (3.9)

  Vocational/Community/Some college 616 (30.2) 61 (13.3)

  College graduate 616 (30.2) –

  Unknown 1 (0.1) 3 (0.7)

Deepwater Horizon Oil Spill exposure

  Live in or visit affected areas 1450 (71.2) 207 (45.3)

  Lost HH income 521 (25.6) –

  Hit harder by oil spill 127 (6.2) 23 (5.0)

  Somewhat/Very negative effect on HH 752 (36.9) –

  Damage to commercial fisheries 141 (6.9) –

  Smelled oil 758 (37.2) 65 (14.2)

  Physical contact with oil 437 (21.4) 40 (8.8)

  Recreation areas affected 706 (34.6) 233 (51.0)

  Oil spill clean-up 36 (1.8) 9 (2.0)

  Property lost or damaged 50 (2.4) –
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included in typical epidemiological cohort studies. The 
WaTCH study provides a unique opportunity to address 
important public health concerns in an understudied 
population. Collaborations are encouraged, although 
data sets are not currently publicly available. Potential 
collaborators are encouraged to contact the author 
directly via email. Presently wave I data have been 
cleaned and are available for analyses. Wave II data are 
in the process of undergoing data harmonisation.
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