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The Gulf of Mexico (GoM) region is prone to disasters, including recurrent oil spills,
hurricanes, floods, industrial accidents, harmful algal blooms, and the current COVID-19
pandemic. The GoM and other regions of the U.S. lack sufficient baseline health
information to identify, attribute, mitigate, and facilitate prevention of major health effects
of disasters. Developing capacity to assess adverse human health consequences
of future disasters requires establishment of a comprehensive, sustained community
health observing system, similar to the extensive and well-established environmental
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INTRODUCTION

observing systems. We propose a system that combines six levels of health data
domains, beginning with three existing, national surveys and studies plus three new
nested, longitudinal cohort studies. The latter are the unique and most important
parts of the system and are focused on the coastal regions of the five GoM States.
A statistically representative sample of participants is proposed for the new cohort
studies, stratified to ensure proportional inclusion of urban and rural populations and
with additional recruitment as necessary to enroll participants from particularly vulnerable
or under-represented groups. Secondary data sources such as syndromic surveillance
systems, electronic health records, national community surveys, environmental exposure
databases, social media, and remote sensing will inform and augment the collection
of primary data. Primary data sources will include participant-provided information
via questionnaires, clinical measures of mental and physical health, acquisition of
biological specimens, and wearable health monitoring devices. A suite of biomarkers
may be derived from biological specimens for use in health assessments, including
calculation of allostatic load, a measure of cumulative stress. The framework also
addresses data management and sharing, participant retention, and system governance.
The observing system is designed to continue indefinitely to ensure that essential
pre-, during-, and post-disaster health data are collected and maintained. It could
also provide a model/vehicle for effective health observation related to infectious
disease pandemics such as COVID-19. To our knowledge, there is no comprehensive,
disaster-focused health observing system such as the one proposed here currently in
existence or planned elsewhere. Significant strengths of the GoM Community Health
Observing System (CHOS) are its longitudinal cohorts and ability to adapt rapidly as
needs arise and new technologies develop.

Keywords: health observing system, disasters, Gulf of Mexico, cohort studies, stress, COVID-19, allostatic load,

health surveillance

mental and physical disorders (10, 11). Adverse physical health
effects of disasters beyond immediate and near-term injuries

The Gulf of Mexico (GoM) region has experienced frequent
disasters, including major and minor hurricanes and tropical
storms as well as the massive Deepwater Horizon oil spill (DWH)
(1). In addition to those disaster events emanating from Gulf
waters, there are 872 “highly hazardous chemical facilities” in
operation within 80km of the GoM coast (2), and at least
three major chemical plant explosions occurred in 2019 alone.
The potential for chemical exposure is further exacerbated by
numerous oil spills and seeps, some of significant magnitude
and duration (3), and abandoned hazardous waste sites (4). Also,
the GoM has experienced frequent and sustained periods of
harmful algal blooms (HABs), with potential for human exposure
to HAB toxins via surface water, seafood, and air (5). The GoM
will likely experience continued frequent environmental and
technological disasters, especially in this era of climate change
and reduced environmental regulation (6-8). Most recently, the
GoM States have been challenged by the COVID-19 pandemic,
which differs from all of the others in its long duration and global
geographical coverage.

Mental health impacts are a dominant effect of disasters
(9), and disaster-related elevated stress may cause or exacerbate

are less well-studied than mental outcomes. However, a variety
of physical disorders have been linked to disaster experiences,
including cardiovascular disease (CVD); asthma and other
respiratory problems; digestive and intestinal complaints; eye,
skin, and throat irritation; elevated blood pressure and heart rate;
and some infectious and chronic diseases (12-15).

Repeated exposure to disaster events can amplify mental,
physical, and community health effects. Children and adolescents
may be especially vulnerable to impacts of multiple traumas (16—
20). Pregnant women and mothers with young children may also
be particularly vulnerable to disaster effects. Not surprisingly,
the U.S. Department of Health and Human Services emphasizes
that interventions should include elements specifically designed
for children and adolescents (21). Elderly people, especially
those with chronic conditions, are also of special concern
because of potential for loss or interruption of health care
and medications, inability to evacuate or move for treatment,
heightened vulnerability during transport and dislocation, and
loss of social contact and care mechanisms (15, 22-24). Now
added to the cumulative trauma effects of recent hurricanes
from Katrina through Michael as well as the DWH on the

Frontiers in Public Health | www.frontiersin.org

October 2020 | Volume 8 | Article 578463


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Sandifer et al.

Community Health Observing System

GoM population is the COVID-19 pandemic, with no clear
end in sight. The recent social distancing and “stay at home”
interventions of COVID-19 have resulted in stressful intra-
household dynamics, psychological issues, and major economic
concerns (25-28).

Although the region has a history of repeated, major
environmental disasters, the GoM lacks a significant, continuing
baseline of human health information that would enable the
identification, comparison, and mitigation of health outcomes
following disasters. This gap was highlighted by the National
Commission on the BP Deepwater Horizon Oil Spill and
Offshore Drilling (29), which specifically called out the need for
a “public health protocol requiring the collection of adequate
baseline data and long-term monitoring,” as well as by others
(30). Health data should be collected over a period long after
a given event has concluded in order to understand the full
magnitude of effects and better prepare to deal with impacts
of future disasters. Based on previous work (14, 31-33), studies
spanning multiple decades are warranted to gauge long-term and
transgenerational effects.

Major disasters like Hurricane Katrina, the DWH, and
COVID-19 underscore the necessity for establishing long-term
human health observations to improve disaster preparation.
A sustained health observing system is needed in the GoM,
analogous to observing systems that concentrate on high-
intensity, relatively low-frequency-of-occurrence
weather events such as hurricanes (34-36). To be able to provide
evidence to inform prevention, preparedness, response, and
recovery actions, an effective disaster-focused health observing
system must have capacity to collect relevant health data from
cumulative impacts of sequential events and consequences of
slower-moving, potentially devastating occurrences such as
persistent environmental health threats, historical burdens of
health disparities, chronic chemical contamination, drought, and
climate change. Parker et al. (37) concluded that such planned
pre-post studies for disasters are “virtually non-existent” and
that “well-designed surveys with large probability-based samples
and longitudinal assessment across the life-cycle of a disaster and
across multiple disasters” are required. The current COVID-19
pandemic underscores the necessity to develop and implement
much more robust health surveillance systems in the US and
globally (38).

We propose the creation of a Gulf of Mexico Community
Health Observing System (GoM CHOS) focused on effects of
disasters on the health and well-being of people and their
communities, which would operate continuously, producing
pre-, during-, and post-disaster information. This will require the
integration of available human health information with new and
innovative approaches for measuring adverse health effects and
community vulnerability. The primary objectives of the proposed
GoM CHOS are to establish an ongoing system for the collection,
analysis, and interpretation of a broad range of mental, physical,
and community health data from a representative sample of GoM
residents. The proposed system will (1) provide a continuous
baseline of information against which to assess health impacts
of future environmental, technological, and other disasters,
individually and cumulatively; (2) implement an intensive data

extreme

collection period in the immediate and near-term aftermath of
disasters; and (3) substantially enhance clinical databases, thereby
providing information for hypothesis generation and improving
clinical and public health research and practice. The framework
presented here includes observing system design, proposed
sampling area and population sampling approaches, participant
recruitment and retention, collection and assimilation of primary
and secondary data, data management, and system governance.
To the best of our knowledge, this is the first proposal for a
disaster-specific health observing system in any location, and the
system as outlined should be adaptable to many geographies and
kinds of disasters.

METHODS

Recognizing that no framework or platform existed for a
sustained community health observing system focused on
disaster impacts, the Research Board of the Gulf of Mexico
Research Initiative (GoMRI) commissioned the present work.
The project encompassed efforts to (1) identify a set of essential
data elements and (2) determine the potential for organizing
available data, ongoing health information collection efforts, new
health observing capacity, and technology into a comprehensive
community health observing system.

The project was led by two Principal Investigators (P. Sandifer
and B. Singer) and a Steering Committee of internationally
recognized experts. Two expert workshops were convened to
explore options for such an observing system, other subject
matter experts were consulted, and a large body of literature
and ongoing health surveys and studies was reviewed. Expert
workshop 1 focused on the overall concept of a health observing
system for the GoM region, while workshop 2 focused on
the potential to operationalize the allostatic load concept of
cumulative stress impacts on health for application in long-
term health studies. Design of the proposed GoM CHOS was
also informed by the highly successful environmental observing
systems in place at regional, national, and global scales [e.g., GEO
www.earthobservations.org; https://www.earthobservations.org/
geoss.php NOAAs National Weather Service (www.weather.
gov)], I00OS (ioos.noaa.gov) (39-42), and which provide
information on atmospheric, oceanic, climate, weather, and
biological conditions critical to life and livelihoods. Further
details are provided in (1), which serves as a repository for
information generated by the project.

RESULTS
GoM CHOS Framework

Based on essential requirements, guiding principles, and core
values identified during our first workshop (1), an observing
system framework was developed consisting of six levels of data
domains, illustrated as concentric circles (Figure 1). These data
domains encompass existing, large-scale surveys and studies as
well as three new GoM-specific cohort studies.

The outer blue ring is the observing system’s “backbone”
of national surveys and data domains, encompassing the
National Health and Nutrition Examination Survey (NHANES)
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Disaster

Specific

FIGURE 1 | Diagram of a conceptual framework for a Gulf of Mexico
Community Health Observing System (GoM CHOS). The All of us study (green
ring) is under development by the National Institutes of Health and is expected
to provide useful comparison data, as well as other materials, if it becomes
fully operational as planned.

(https://www.cdc.gov/nchs/nhanes/index.htm), the Behavioral
Risk Factor Surveillance Survey (BRFSS) (https://www.cdc.gov/
brfss/index.html), and the National Health Interview Survey
(NHIS) (https://www.cdc.gov/nchs/nhis/index.htm). These are
ongoing cross-sectional studies conducted by public agencies,
and the data are available for research with restrictions to protect
privacy. In addition to other data, they collect information
on obesity, CVD, asthma, diabetes, and some other disorders
that may increase individuals’ vulnerability to disaster impacts
and may be useful for comparison with data derived from the
proposed cohort studies. BRFSS data are useful at state and
periodically at county levels, while NHANES and NHIS data
generally cannot be disaggregated for state-level comparisons.
Collectively, these surveys provide a wealth of demographic,
general health status, socioeconomic, and behavioral information
[see (43) and websites for each survey].

The purple ring is a proposed augmented GoM BRESS, in
which additional questions pertinent to the GoM CHOS could
be developed and asked annually by State Health Departments
in the five GoM States, similar to the Gulf States Population
Survey (GSPS) (44) conducted following the DWH event. The
proposed new effort would enhance the richness of BRESS
collections, both spatially and in the form of disaster-relevant
information. Implementation of an augmented BRFSS would
require agreement by and additional funding for each of the GoM
State Health Departments.

The orange ring is the NIH All of Us longitudinal cohort study,
which has a target enrollment of 1 million adult participants
that reflect the nation’s diversity, including groups historically
under-represented in biomedical research (45, 46). It began
enrolling participants in May 2018 and, as of 30 April 2020,

reported enrollment of >348,000 participants, of which 271,000
had completed initial steps for participation (https://www.
researchallofus.org/data-snapshots/), although it is not clear
when the program will be fully operational. Despite its large
and diverse target sample, the All of Us program has significant
limitations relative to the GoM CHOS, including lack of a
statistically derived sampling plan, which restricts its utility in
epidemiological contexts (46). Strong points are its size and
national scope, emphases on enrolling underrepresented and
minority participants, and plans for sharing data, software, and
other program resources. Also, the All of Us questionnaires and
protocols are similar to those used successfully in the BRESS,
NHANES, and NHIS surveys and have been validated in pilot
studies, making them attractive as potential templates for the new
cohort studies proposed here.

The three inner rings (Gold—Large Cohort; Yellow—Small
Cohort; and White—Disaster-Specific Cohorts) would be new
longitudinal cohort studies specifically designed for the GoM
CHOS. Workshop 1 participants identified new cohort studies as
essential elements of a GoM CHOS, and this finding is affirmed
by recommendations from the literature (19, 37, 47, 48). This
approach will enable a two-pronged sampling strategy: (1) a
prospective approach that ensures that data are collected across
the Gulf in anticipation of future disasters and (2) a responsive
component consisting of disaster-specific cohort(s) that will be
established immediately after a disaster. As envisioned, the new
cohort studies will be nested, with the Small Cohort being
a more intensively sampled subset of the Large Cohort, and
the Disaster-Specific Cohort(s) drawing participants from the
Large and Small Cohorts to the degree possible based on the
location and time and geographic scales of a specific disaster.
Participant recruitment and data collection methods will be
tailored to ensure comparability and interoperability of data
among all cohorts.

The Large GoM Cohort study (gold ring) is the largest
of the new longitudinal cohorts developed specifically for the
GoM. Its design was guided in part by other successful cohort
studies, such as the All of Us, CARDIA, Dunedin, Framingham,
MacArthur, MIDUS, and Wisconsin studies (1). As proposed,
it will contain proportional representation of participants from
coastal areas in all five states. The Large Cohort will include
sociodemographic and self-reported mental and physical health
information similar to that collected in the backbone studies.
In addition, clinically relevant data will be collected via clinical
visits, mobile monitoring, telemedicine methods, and remote
sensing. Some community health metrics also will be included
for all cohorts, as described below.

The yellow ring represents the Small GoM Cohort study,
conceived as a subset of the Large Cohort (but still Gulf-wide)
to provide more detailed health data. Small Cohort participants
could be chosen based solely on willingness to provide more
detailed health information, or to represent specific vulnerable
populations of the Gulf, or there could be multiple small cohorts,
each representing different geographic areas or serving initially as
demonstration projects. Targeted sampling in the Large or Small
Cohorts could facilitate the construction of other studies for more
intensive sampling for different purposes (49, 50).
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The inner white circle, the Disaster-Specific Cohort, is
expected to be a considerably smaller cohort, established rapidly
following a specific disaster and would likely consist of more
exposed participants. However, if one considers a pandemic as
a disaster, then the Disaster-Specific Cohort(s) would likely have
to be larger and encompass a much greater geographic area
than contemplated in the current design. Leaving this example
aside for the moment, the white circle will be a further nested
collection where participants are recruited from the Small Cohort
as possible. Recruitment from the Large Cohort or of new
participants may be necessary depending on the disaster and its
characteristics. Creation of any disaster-specific cohort would be
coordinated with local and state public health and emergency
response officials, the CHOS community and scientific advisory
committees, and other organizations and officials as appropriate.

Design Options for Cohort Studies

Sampling Area

Based on the geographic location of numerous previous disasters
and the large size of the GoM region, we propose to limit the
area covered by the GoM CHOS to the counties immediately
along the Gulf coast. The National Oceanic and Atmospheric
Administration (NOAA) categorizes coastal counties as shoreline
or watershed (51, 52). Coastal shoreline counties have a coastline
bordering the ocean or Great Lakes or contain areas identified by
the Federal Emergency Management Agency (FEMA) as having
high risk for tidal and/or storm surge flooding (Figure 2A) and
are where the majority of economic production from coastal
and marine-related natural resources is concentrated. Coastal
watershed counties are those that lie immediately behind the
shoreline counties and whose residents affect the coast but are
generally less impacted by coastal disasters (Figure2B). We
recommend the 68-shoreline counties across the five GoM states
be included as primary sampling targets for the GoM CHOS
data collection (Figure 2A). This limits the spatial scope of the
study area considerably, but still includes a substantial human
population (~16,300,000 people) (53). In addition to being the
areas typically most affected by hurricanes and major oil spills,
people residing in the shoreline counties are more likely to be
exposed to airborne oil spill chemicals (55) and red-tide HAB
toxins (56). Many employees of coastal businesses may reside
further inland and therefore outside the initial study area. These
workers, their families and businesses, and social connections
that support them are vulnerable to disaster events and should
be considered for subsequent iterations of recruitment, with
the coastal watershed counties offering a potential option for
expanding the study area.

Although it will be impossible to state the actual sample size
to be targeted until funding and other operational matters are
decided, we did an example trial calculation [(1), p. 35]. This
resulted in estimated targeted sample sizes of between 96 and
1,031 participants for each of the 68 coastal counties included
in the framework, depending on the margin of error deemed
acceptable at time of implementation. The total estimated sample
for all counties was 6,528, 25,704, or 70,108 participants at 10, 5,
and 3% confidence levels, respectively.
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FIGURE 2 | Coastal shoreline (A) and shoreline plus watershed (B) counties in
the Gulf of Mexico region [adapted from (51), courtesy of G. Sataloff, NOAA].
Differences in color represent differences in relative population (53), with lighter
shades indicating lower population and darker high. (C) Coastal shoreline and
watershed counties showing relative levels of rural or urban

characteristics (54).

Population Sampling and Participant Recruitment

To the extent possible, the new cohorts should be created
as random and representative samples that proportionally and
adequately reflect health characteristics of the resident coastal
populations in the five GoM states. The volunteer participant
population should be composed of approximately equal numbers
of adult men and women (18 yr and older), with no upper
age limit, and children from age 3 to 18 with parental consent.
Gender-specific information, including pregnancy status, will
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be obtained via questionnaires and examinations. Because
health status and health-care access differ between rural and
non-rural areas (57), and socioeconomic factors may increase
vulnerability of rural residents (58), we propose a clustered,
stratified random sampling design with urban and rural shoreline
counties as the initial strata. Target counties and parishes would
be stratified by either the Rurality Level (54) (Figure 2C) or the
Center for Disease Control and Prevention (CDC)’s Urban-Rural
Classification Scheme for Counties (59). Additional stratification
at the U.S. Census Bureau tract or block group level or by ZIP
code could occur within each selected county or parish using
density of development derived from land cover data and/or
population density.

Subpopulations likely to be most at risk from future natural
and technological disasters can be defined by geographic location;
social determinants of health as defined by the six social capitals
(60); or other predisposing factors such as socioeconomic status
and preexisting chronic health problems. One potential tool for
identifying subpopulations is the Tapestry Segmentation dataset
curated by Esri, which uses sociodemographic characteristics to
classify U.S. neighborhoods into 67 distinct groupings from the
county to the block group level. While designed for the small-
area analysis of consumer markets, the groupings could either
be used as-is or the cluster analysis techniques could be adapted
using sociodemographic variables more specific to categorizing
vulnerability (61).

Members of minority, underserved, and disadvantaged
communities, including those with poorer health, typically yield
the lowest response rates and/or have been poorly represented
in epidemiological studies, potentially affecting the validity of
study results (33, 62, 63). Purposeful oversampling in urban-
suburban and rural areas may be necessary to ensure sufficient
vulnerable or at-risk individuals are included. Also, minority
communities are frequently located near industrial harbor
and port facilities, with resulting disproportionate exposure to
potentially health-damaging levels of petroleum hydrocarbons
(64). Adding participants beyond those selected randomly or
in the original sampling frame to meet project objectives of
inclusiveness is a fairly common practice (33, 65-67). A variety
of methods including adjusting for covariates of selection, inverse
probability weighting, and sensitivity analyses can be employed
to control for selection biases introduced by a targeted sampling
design (67). In addition, direct recruitment via federally qualified
health centers (FQHCs), involvement of trained community
health workers (CHWs) to identify volunteers, and other means
may be required.

Prior to recruitment of participants, the GoM CHOS should
initiate a broad community engagement effort employing a
community-based participatory research (CBPR) approach
(68-72) and specifically including environmental justice
communities. This should be a robust engagement and
awareness campaign to inform the public about the CHOS,
raise public awareness, provide information, and encourage
participation utilizing public news media, GoM Sea Grant
programs, healthcare providers, social media, community
organizations, pharmacies, churches, grocery and convenience
stores, and other willing outlets. The community engagement

effort should begin at least 6 months before initiation of
recruitment efforts and continue at a reduced level over the life
of the CHOS.

Potential participants will be screened for enrollment in the
Large or Small Cohort based on response to an initial mail inquiry
about their willingness to participate and a limited amount
of information that would allow provisional classification of
vulnerability. Address-based sampling, which can be followed by
acquisition of relevant electronic contact information, may be a
better way to construct a participant sample frame than telephone
or internet-based sampling (1, 73). Participants who are willing
to provide more detailed information will be considered for
enrollment in the Small Cohort. The initial mailing may be
supplemented by personal contact to ensure recruitment of
sufficient numbers of vulnerable people and those willing to
provide additional information or samples as needed for the
Small Cohort. Initial screening criteria will include but may
not be limited to number of positive responses to vulnerability
screening questions, gender identification, age, socioeconomic
and educational status, race/ethnicity (e.g., African American,
Hispanic, Vietnamese-American, other), and preexisting health
conditions. Methods to bolster the number of participants in
subpopulations could include additional mailings targeted to
Census tracts known to be more heavily populated by people with
lower socioeconomic status (SES) characteristics, or contacts
with patrons of FQHCs (74). Another approach would be to train
and deploy CHWs (75, 76) who could serve as study ambassadors
in their communities, helping identify potential participants.
Although utilization of CHWSs in recruitment may introduce
sampling bias, a wholly probabilistic sampling process may yield
more respondents who have significantly greater social and
health status than those of the overall community being studied
(63, 65, 67). The non-response error introduced by a solely
randomized sampling strategy is significant (77) and potentially
greater than the biases introduced by recruiting individuals via a
targeted approach (67).

Data Collection
Primary Data
New data will be gathered through a mixture of (a) survey
instruments; (b) clinical assessments of psychological and
physiological health; (c) collection, processing, analysis, and
banking of biospecimens and derived biomarkers; and (d)
wearable health devices. Telemedicine approaches, the provision
of medical services and information via electronic means, have
proven useful for remote treatment of a variety of mental and
physical ailments (78), collecting health data during a disaster
(79), and providing health care during the current COVID-19
pandemic (80). All data collection and management activities will
be conducted by appropriately trained and qualified personnel
either in a clinical setting or via use of telemedicine methods.
We recognize that there is growing concern about whether
or not the current practice of surveying by questionnaire is
sustainable (81). At this time, we do not see a viable alternative
to questionnaires for certain kinds of data, although such may
develop in the future. Establishment and maintenance of a robust
scientific advisory group that could assist the GoM CHOS to shift
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TABLE 1 | Types of data proposed for collection in Gulf of Mexico Community Health Observing System cohort studies.

PPI from questionnaires

Demographic information, including ethnicity, sex/gender identity,
marital/partner status, children, residential history
Socioeconomic information, including ability to deal with minor
financial emergencies

General health status

Personal health history, including chronic, and major diseases
Family health history, including chronic and major diseases, and
occupational history

Life history and behavioral factors, including alcohol, tobacco, and
illicit drug use, nutrition, exercise, sleep
Health care access and services utilization
Mental health measures

Anxiety: GAD-7

Depression: PHQ-8 or 9

PTSD/PTSS: PTSD Civilian

Resilience: CD-RISC-10
(Connor-Davidson Scale)

Alcohol abuse: AUDIT-C

Religiosity: RQ-12

General self-efficacy scale (GSES)

Social capital (adapted from

Loneliness scale (ULS-8)

Sense of control scale

Cognitive function (IQ or other)

Physical health measures

Systolic & diastolic BP
Pulse (heart) rate

Height & weight

Waist-hip ratio

Body mass index

Lung function (FEV1/FEVC)
Cardiovascular fitness
Gum health

Balance

stand, walk)

Ambulatory fitness (ability to rise,

PPI from questionnaires

Prescribed medications

Previous disaster/trauma experiences including in childhood
Residence and adequacy of housing

Known or suspected exposure to toxic or infectious
substances or organisms

Social, religious, tribal, community attachments, and
memberships

Marginalization and discrimination (political, racism, ethnic,
ageism, economic)

Feeling of security or insecurity in home and neighborhood
Level of trust in government/societal structures

Biospecimens

Blood

Plasma

Serum

Saliva

Urine

Hair

DNA, mtDNA, telomere length (buccal swab)
Nails (finger & toe)

Stool

Breath

Umbilical cord blood (when available)

All but PPl will be obtained in clinical settings. See Sandiifer et al. (1) for reference citations.

onto new technological platforms as they develop over time will
be a crucial aspect of CHOS governance (see Discussion).

Institutional Review Board (IRB) protocols will be followed
for all data collection. Upon receipt of signed informed consent,
each participant will be provided detailed survey instruments
by mail or electronic means depending on preference. Surveys
may be filled out at home by the participant or with a trained
interviewer. Involvement of interviewers can be important
in situations where participants may have poor reading skills, lack
facility in English, and/or have poor health and environmental
literacy (72, 82, 83). Failure to provide for these circumstances
may lead to elevated levels of anxiety and non-participation or
non-compliance later in the study. However, in the presence
of an interviewer, people may tend to offer responses that are
considered socially desirable (84, 85). Unfortunately, no one
surveying mode is generally accepted for all circumstances (86).
A final decision as to how personally provided information
(PPI) will be collected likely will be made when the program
is implemented. For the present, we suggest that in most cases
the initial data questionnaires be filled out by the individual
participants, with the more expansive interviewer approach
reserved for the Disaster-Specific Cohort(s) or for special
language/literacy situations, possibly with assistance of CHWs.
Regardless of whether interviewers are involved or not, all
questionnaires, informed consent, and other significant program
documents should be provided in Spanish and Vietnamese, in
addition to English.

A suggested list of data and samples (Table 1) is presented
as a starting point for implementation decisions. This list was
developed based on expert input and literature review and

should be sufficient for tracking health characteristics of the
GoM coastal populations. Questions for the Augmented BREFSS,
if implemented, should be prepared by Health Departments
in the five Gulf States, in collaboration with the CDC. PPI
will be elicited from questionnaires similar to and likely
derived from the ongoing data domains included here (All
of Us, BRFSS, NHANES, NHIS) and will include personal
and some community information. Similarity to established
survey instruments will ensure comparability of CHOS data to
national averages.

Collection of mental and physical health data (Table 1) will
be done by qualified personnel following established biomedical
protocols such as those detailed in the NIH GuLF study (87) and
the All of Us program (45). Any measurement values indicative of
a near-term health problem will be referred for evaluation, and,
if deemed prudent, the participant will be recommended for an
appropriate clinical examination. All data will be entered into a
computer database and an individual’s data will be made available
to that participant.

For mental health, screenings will target depression, anxiety,
PTSD, and others that are significantly associated with disasters
(Table 1). Additional psychological indicators that measure
social and interpersonal support, coping mechanisms, purpose
in life, satisfaction with life, quality of life, domestic conflict,
cognitive impairment, and experiences of specific disasters such
as oil spills, hurricanes, and floods may also be useful (1).

Proposed physical health measurements (Table 1) are based
on importance relative to disasters, use in other longitudinal
studies, and relative ease of collection. Biological specimens
will be collected from willing adult participants (18 yr and
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older) and, if possible, for young children with parental consent.
The biospecimens identified, other than breath, are collected
routinely in longitudinal studies and provide indicators of
stress, frailty, health status, and exposures to potentially harmful
substances (1). Because of the expense involved in biospecimen
collection, storage, and analysis, it may be necessary to restrict
most biospecimen collections to the Small Cohort and any
Disaster Specific Cohort. Biospecimens will be aliquoted for
both near-term analysis and storage for later use. Biobanking
procedures will be based on established protocols [e.g., (45, 87)].

Choosing biomarkers is complicated by intended usages,
storage and analytical costs, and stability in storage.
Recommendations about biospecimen collection, and
biomarkers are based on current analytical capabilities and
are expected to change somewhat with future improvements
in collection, analysis, and use. Many of the biomarkers
recommended here (Table 2) have been widely used for a variety
of clinical and research purposes, including health and exposure
assessments and for calculating allostatic load (AL) (88). AL
conceptually refers to “the price the body pays for being forced
to adapt to adverse psychological or psychosocial or physical
situations” (89). Development of AL in an individual can be
thought of as the cumulative dysregulation of physiological
mediators of adaptation over time. While no formulation of
AL suitable for broad use is currently available, its potential for
dynamic operationalization is the subject of a paper currently
in preparation. Having a suite of biomarkers will support health
assessments and development of AL and other health evaluation
tools. Prior to implementation of the GoM CHOS, the list in
Table 2 and all other health parameters proposed should be
subjected to review by a panel of experts convened specifically
for that purpose. Also, a carefully designed and managed process
for reviewing requests for use of stored biological materials
should be an integral part of the system implementation plan
and should allow for input of supplementary resources from
research interests outside of the CHOS, thus expanding uses of
the observing system’s resources. This will likely require a data
sharing agreement.

Data collection intervals will be established at the time
of program implementation. Annual updates of data are
preferred, but program logistics may necessitate a different
interval. Ideally, this will not be longer than 2-4 years. Add-
on special studies or demonstration projects may require
different sampling schedules. Disaster-Specific Cohort sampling
will occur outside of the scheduled collection intervals as
needed following disaster events, but should not supersede
scheduled collections.

In addition to health data, monitoring for exposures to
contaminants, toxins, organisms, and conditions associated with
disasters should be an important component of the GoM CHOS
(Table 3). Exposures can involve inhalation, contact, ingestion,
and emotional pathways. Collection of exposure information
should include questionnaires, monitoring of ambient levels of
exposures of concern via existing databases and remote sensing,
and analyses of urine, blood, and other biospecimens as necessary
to assess body burdens of selected contaminants, toxins, or
microorganisms of concern.

TABLE 2 | Biomarkers that have been used or suggested for use in assessing
allostatic load and health status in longitudinal or other studies or recommended

during an expert workshop.

Neuroendocrine

Cortisol (diurnal, salivary, or urinary)
Cortisone

Dehydroepiandrosterone (DHEA-S)
Insulin-like growth factor (ILGF)
Norepinephrine

Epinephrine

Dopamine

Aldosterone

Immune

White blood cell count
Interleukin-6 (l1-6)
Tumor necrosis factor a
C-reactive protein
Fibrinogen

Leukocyte telomere length
Immunoglobulin E (IgE)
Cytomegalovirus (IgC)
Metabolic

Total cholesterol (TC)
High-density lipoprotein (HDL)
Low density lipoprotein (LDL)
Lipoprotein

TC:HDL ratio

Triglycerides

Glucose

Insulin

Albumin

Glycosylated hemoglobin (HbA1c)
Creatinine (creatinine clearance)
Homocysteine

Urea nitrogen

Alkaline phosphatase
Apolipoprotein A, B100 ratio
Liver enzymes

mtDNA

Inflammation marker

Cardiovascular & Respiratory

Systolic blood pressure
Diastolic blood pressure
Mean arterial pressure
Heart rate (HR)

Peak respiratory flow (FEV1)
Cardiorespiratory fitness
Gum health
Anti-hypertensive medication
Glucose medication
Anthropomorphic
Waist-hip ratio

Height

Weight

Waist-height ratio

Body mass index (BMI)
Facial age

Underweight (%)

Psychological/Cognitive

1Q test

Sense of control

Sleep issues

Impairment of function

Feeling unsafe in neighborhood
Lack of neighborhood cohesion
Financial strain

Social isolation

Loneliness

Relationship conflict
Discrimination

Work stress

Caregiving stress

Items in bold type were most commonly used. See Sandifer et al. (1) for reference citations.

We anticipate that some cohort participants, particularly in
the Small and Disaster-Specific Cohorts, will have or agree to
be outfitted with wearable health devices (WHDs). Wearable
or portable monitoring devices for health-related parameters
including biomarkers, behaviors, and exposures are used widely
for persons dealing with chronic illnesses such as CVD and
diabetes, as well as by individuals to track personal health
indicators. WHDs come in an almost bewildering variety of
forms including wristbands; smartphones and apps; activity
trackers and smartwatches; specialized monitors; high-tech
patches; “smart” rings, clothing, glasses, contact lenses, ear
monitors, arm bands, and jewelry; and even temporary tattoos
that can be placed on or in the skin, as well as ingestible and
implantable devices. For large-scale, long-term studies, WHDs
should be non-invasive, inexpensive, simple, and relatively easy
for both participants and data recorders to use, light weight
and comfortable, relatively non-intrusive, robust and durable,
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social sciences. We are indebted to the many experts who
contributed to this work through sharing of ideas, review of
draft materials, and other ways. Dr. Charles Wilson, Chief
Scientific Officer for the Gulf of Mexico Initiative (GoMRI),
and Dr. Rita Colwell, Chair of the GoMRI Research Board,
provided continuous support and encouragement. Mr. Michael
Feldman, Ms. Callan Yanoff, and others at the Consortium
for Ocean Leadership managed all logistical arrangements for
our expert workshops and assisted in other ways, both large
and small, over the life of the project. Drs. ML and EH of
Tulane University volunteered two of their MPH students, Ms.
Kaitlin Gibson and Ms. Tingting Li, to prepare an annotated
bibliography of publications on human health effects of the
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